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Medical Challenges in the Evacuation Chain 
(RTO-MP-HFM-157) 

Executive Summary 
Up to and including the First Gulf War, medical support was organised with large medical footprints in the 
mission area, able to treat and hold substantial numbers of casualties, and included definitive surgical care 
and early phases of recovery. Only larger NATO countries had Aeromedical Evacuation-systems in full 
operation, and these were typically set up to move large numbers of stable patients at a relatively late stage 
in their treatment and recovery, often weeks after injury. In later conflicts the development has been 
towards decreasing the medical footprint, while at the same time increasing the level of sophistication of 
especially the surgical treatment of injured soldiers, and implement that treatment faster for the relative 
smaller number of casualties. This has resulted in challenges for the various echelons of patient transport 
between Roles 1 through 4 of the patient treatment system, since patients are transported at a much earlier 
stage, and often only after resuscitation and preliminary stabilising surgery. Today, an injured soldier will 
typically be under definitive treatment in a major hospital in his home country after 24-48 hours.  
As a consequence, some patients need very sophisticated care, and sometimes emergency surgical 
procedures, during transport. 

The RTO/HFM Specialist Meeting 157 was arranged to look into the present state of patient evacuation in 
present day NATO and Coalition operations, with the purpose of identifying shortfalls and areas where 
NATO should attempt to sponsor development and/or coordination of efforts. Participants were from 16 
countries, mostly “old” NATO-countries, but also a couple of PfP-countries. The presentations 
demonstrated many developments to achieve the best possible outcome for patients, but also that these 
developments were typically nationally driven by a few larger NATO-nations. In summary, the overall 
state of the patient treatment and evacuation continuum is good, but fragile, and there is room for 
improvement. In terms of patient outcome, results are the best in recorded history, but not yet the best 
possible. 

In conclusion, recommendations are as follows. 1. Developments should be evidence driven, and all 
alliance countries should strive for the same high level of patient care. Therefore a registry of patient 
evacuation experiences should be established, to collate all NATO countries experiences related to 
procedures and equipment in the evacuation chain, since most countries cannot accumulate enough data on 
their own for this purpose. Such a registry could be a supplement to, or an addendum to, the NATO 
Trauma Registry, which will hopefully be established shortly, to allow the same evidence based 
development for surgical treatment procedures. The RTO/HFM Operational Medicine Area Committee 
should consider an Exploratory Team to assess the possibilities for creating a sort of evaluation and 
quality control system for patient evacuation. 2. There are differences among nations in the education 
content and titles for health care professionals, which can be confusing and have legal ramifications.  
It should be considered to establish a database of all relevant health care education and training programs 
for NATO countries to allow for more transparency. 3. It is vital that specialists from the patient 
evacuation field exchange information, to improve and coordinate developments in this area. Meetings 
such as HFM 157 should take place annually or biannually. PfP and other coalition partners should be 
invited, given the strong participation of non-NATO countries in today’s conflicts. 
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Les défis médicaux dans la chaîne d’évacuation 
(RTO-MP-HFM-157) 

Synthèse 
Jusqu’à la première Guerre du Golfe incluse, le soutien médical était organisé dans de larges installations 
médicales implantées dans le secteur de la mission, capables de traiter et d’héberger un grand nombre de 
blessés, et comprenait des soins de chirurgie définitive et les premières phases de la convalescence. Seules les 
grandes nations de l’OTAN disposaient de systèmes d’évacuation sanitaire aérienne pleinement opérationnels, 
qui servaient généralement à déplacer un nombre important de patients stables à une étape relativement avancée 
de leur traitement ou de leur convalescence, souvent plusieurs semaines après qu’ils aient été blessés. Lors des 
conflits ultérieurs, la tendance s’est orientée vers une réduction d’importance des installations médicales et, 
simultanément, vers une augmentation du degré de sophistication, en particulier du traitement chirurgical des 
soldats blessés, et une mise en œuvre plus rapide de ce traitement pour les blessés relativement moins 
nombreux. Cela a engendré des défis pour les divers échelons du transport des patients entre les Rôles 1 à 4 du 
système de traitement des patients, dans la mesure où ces derniers sont évacués à un stade bien plus précoce, 
souvent juste après la réanimation et une chirurgie stabilisatrice initiale. Aujourd’hui, un soldat blessé reçoit 
généralement un traitement définitif dans un grand hôpital de son pays d’origine au bout de 24 à 48 heures.  
En conséquence, certains patients nécessitent des soins extrêmement sophistiqués – et parfois même des 
procédures chirurgicales d’urgence – au cours du transport. 

La Réunion de spécialistes RTO/HFM 157 a été organisée en vue d’étudier l’état actuel de l’évacuation des 
patients dans les opérations contemporaines de l’OTAN et de la Coalition, avec pour mission d’identifier les 
lacunes et les domaines dans lesquels l’OTAN devrait s’efforcer de promouvoir le développement et/ou la 
coordination des efforts. Les participants étaient originaires de 16 pays, pour la plupart de « vieilles » nations 
de l’OTAN, mais également quelques pays du Partenariat pour la paix. Les présentations ont révélé de 
nombreux développements visant à obtenir le meilleur résultat possible pour les patients, mais ont également 
démontré que ces développements étaient en général les initiatives nationales de quelques-unes des plus 
grandes nations de l’OTAN. En résumé, l’état général du continuum d’évacuation et de traitement des patients 
est bon mais fragile, et peut être amélioré. En ce qui concerne les résultats pour les patients, ils sont les 
meilleurs jamais enregistrés à ce jour, mais pas encore les meilleurs possibles. 

En conclusion, les recommandations sont les suivantes. 1. Les développements devraient être fondés sur des 
témoignages, et tous les pays de l’alliance devraient s’efforcer d’atteindre le même niveau élevé de soins aux 
patients. Un bureau d’enregistrement des expériences d’évacuation de patients devrait donc être créé, en vue de 
collationner les expériences de l’ensemble des nations de l’OTAN relatives aux procédures et au matériel de la 
chaîne d’évacuation, dans la mesure où la plupart des pays ne peuvent rassembler par eux-mêmes suffisamment 
de données à cet effet. Ce bureau d’enregistrement pourrait représenter un supplément ou un addendum au 
Bureau d’enregistrement des traumatismes de l’OTAN, qui devrait bientôt voir le jour, afin de permettre les 
mêmes développements fondés sur des témoignages pour les procédures de traitement chirurgical.  
La Commission RTO/HFM pour la Médecine opérationnelle devrait envisager de constituer une équipe 
exploratoire ayant pour mission d’évaluer les possibilités de créer une sorte de système d’évaluation et de 
contrôle de la qualité pour l’évacuation des patients. 2. Des différences existent entre les nations au niveau de la 
formation et des titres des professionnels de santé, qui peuvent être déroutantes et donner lieu à des retombées 
juridiques. Il devrait être envisagé d’établir une base de données de tous les programmes pertinents 
d’enseignement et de formation des professionnels de la santé pour les nations de l’OTAN, afin de permettre 
une plus grande transparence. 3. Il est essentiel que les spécialistes de l’évacuation des patients échangent des 
informations, afin d’améliorer et de coordonner les développements en ce domaine. Des réunions telles que 
l’HFM 157 devraient avoir lieu sur une base annuelle ou semestrielle. Les pays du Partenariat pour la paix et 
les autres partenaires de la coalition devraient y être conviés, étant donné la forte participation des nations non 
membres de l’OTAN dans les conflits actuels. 
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1.0
Introduction


The RTO/HFM organised a Specialists Meeting (HFM-157) on Medical Challenges in the Evacuation Chain. The meeting was hosted by the German Air Force, and held in the Conference facilities of the Kranz Parkhotel in Siegburg, Germany.

2.0
Theme


Aeromedical Evacuation (AE) has undergone tremendous changes over the last one or two decades. By the end of the Cold War only the major NATO countries had AE-systems in full operation, and these were typically set up to move large numbers of stable patients at a relatively late stage in their treatment and recovery. The AE-systems were part of an overall medical policy, with large medical footprints in theatre, including definitive surgical care and early phases of recovery. This meant that most patients could be moved in a stable phase, sometimes weeks after injury, where patient needs were mostly for nursing and general care en route. The last conflict where this large footprint was put in place was the first Gulf War in the beginning of the 1990’ies, where thousands of hospital beds were set up in theatre, and further thousands of beds were prepared in Europe and the USA. Since then AE has changed dramatically, as a consequence of several factors. It is financially and medically much too resource consuming to maintain high level definitive care in all specialities in the mission area, and the casualty numbers fortunately no longer justifies this. At the same time, political, medical and ethical factors require the military to provide the best possible care to each casualty, and this care will often only be available at a specialized hospital in the home nation. These and other factors in combination have resulted in a development toward very early AE, after only initial stabilization and Damage Control Surgery, with either repatriation directly, or, for the North American NATO-countries, to a central trauma hospital in Europe for more definitive surgery, before finally repatriation to North America. This poses great challenges to the organisation and execution of patient movement at all stages of the path of an injured soldier.


During the same period the implementation of earlier and better stabilising surgical treatment at Role 1 and 2, while attempting to adhere to the established time frames for initial and definitive surgical treatment, has produced a need for more sophisticated training of the care providers in the various stages of forward patient transportation, both on the ground and in the air.

3.0
Purpose and scope


The purpose of the Specialists Meeting has been to document the present state of affairs in the various stages of patient evacuation, with papers and presentations from a number of NATO-countries outlining their capabilities at present, and at the same time describe ongoing changes and developments in the area of patient evacuation. For many NATO-countries the present mission areas have demonstrated many new challenges, and the physical distance from the home country is one of them. Areas of interest and concern also include the need for cooperation between nations, in mission areas where many nations participate with contingents of very variable size. Many alliance or coalition partners are not able to support the entire chain of medical evacuation and treatment from point of injury to definitive care in the home nation, including the necessary states of AE along the route. This has lead to many different arrangements between nations, at various levels, to make sure that every alliance or coalition soldier receives proper treatment. Experiences and developments in these cooperative efforts should also be the subject for much interest, with the purpose of identifying possible actions to improve and streamline the process further.

4.0
meeting programme


The meeting programme was divided into four sessions, as follows: 

· Session 1 - Principles and Policies in the Evacuation Process


· Session 2 - Interoperability and Standardization in Medical Evacuation (Protocols, Records, Documentation, Multinational Operations)


· Session 3 - Special Medical Considerations in the Evacuation Chain – Short Presentations


· Session 4 - Medical Evacuation (Land, Air, Sea) Equipment, Teams and Procedures, NBC-aspects


The programme also included two Keynote Speakers. BGen Douglas Robb from USAF Air Mobility Command opened session 1, and LtGen Jürgen Blaetzinger from the German Joint Medical Force Command opened session 3.

5.0
Technical evaluation


5.1
Session 1 – Principles and Policies in the Evacuation Process


5.1.1
Keynote 1: Operations from the perspective of the Command Surgeon, CENTCOM


Brig Gen Douglas Robb gave a Keynote Address describing the current status of US Healthcare in the CENTCOM area of responsibility. He explained that this very elaborate system has resulted in the lowest lethality rates in recorded conflict. This is in part the outcome of the change in treatment and evacuation policy, from the traditional system with large deployed hospitals and delayed evacuation, to the present strategy of resuscitation and damage control surgery followed by swift strategic aeromedical evacuation to high quality definitive treatment out of the mission area within 24-48 hours after injury. 

The different stages in the total healthcare system were described, taking the audience through a patient case of a severely multitraumatized casualty from Iraq. In the presentation, the principles, capabilities, staffing etc. of each component in the healthcare system were described, from the first Level I combat casualty care, over Casevac to Level II Forward Surgical Team for initial stabilisation, then via Tactical AE to Level II/III Theatre Hospital for initial surgical treatment/damage control surgery, from there via priority Strategical AE to a Regional Medical Level IV Hospital in Germany for further surgery, and finally another Strategical AE to definitive care in the US. In present operations, this can be accomplished within 48 hours, while maintaining or increasing the level of care incrementally as the patient moves through the system.

The presenter described the ongoing work to evaluate and improve all parts of the system. This includes both medical and surgical treatment strategies, the fast and flexible planning and coordination of the patient’s route through the system, and the timely decision of where the individual patient needs to go for the best treatment for his or her case. 

5.1.2
Paper 1: Evacuation Policies in NATO Operations – Allied Joint Doctrine for Medical Evacuation

Col Dr. Ingo Hartenstein presented the doctrine and policies in NATO with respect to patient evacuation. The central document in this respect is Allied Joint Medical Publication-2 (AJMedP-2), which, as other AJP, has Allied Command Transformation as custodian. At the time of the meeting, AJMedP-2 was in the ratification process in a new version, and only a few ratifications short of promulgation. The NATO Joint Medical Evacuation Policy describes the general concept of a patient evacuation chain, thus providing contributing nations with a framework for agreeing on a model for a specific Mission. He outlined the different categories of MEDEVAC, and the related requirements for readiness and medical capabilities. Reference was made to other fundamental NATO-publications, such as STANAG 3204, Aeromedical Evacuation and STANAG 2087, Medical use of Air Transport in the Forward Area. He also explained the need for efficient Command and Control in order to achieve flexible utilization of the patient treatment and evacuation chain, so the best possible solution can be found under all circumstances. 


The question of National Responsibility versus NATO/Command Responsibility was described, as was the fact that only a few larger NATO Nations have the capability to provide the entire chain of treatment and evacuation. This is especially true for long range transport aircraft, with advanced medical monitoring and treatment capability. Thus, MOU’s and other bi- or multinational arrangements are necessary when setting up a new Alliance or Coalition mission. It was also stressed that the ever changing situation in the mission areas, where frontlines are not clear, and various threats are ever present, means that distinctions between different areas of Doctrine and Policies can become less clear. This contributes to the need for constant review and adjustment of those NATO publications.

5.1.3
Paper 2: The Canadian Approach to Pre-Hospital Combat Casualty Care


Lt Cdr. Ian Torrie described the Canadian Forces training of Battlefield Medics. Unfortunately, no paper is available for this presentation, which is thus only described from the Powerpoint Presentation (PPT) and notes from the meeting. The Canadian forces have developed a pre-deployment training course for the first care providers imbedded in the units. The training is quite extensive, based on the correct assessment that the first care providers actions, or lack of actions, can profoundly influence later stages of treatment, and eventually the final outcome. The training focuses on a limited number of treatment procedures, which can be lifesaving in the early stages after injury. The training has the dual purpose of training procedures, and building confidence in the soldiers that they can provide good first aid in the field. The training includes classroom training, i.e. on equipment, tactics, Stress Physiology and Psychology and the medical interventions that are appropriate for this segment of care providers. The training also includes practical training in evacuation techniques under fire, and actual practical training of medical procedures on anesthetised pigs. The training is provided as pre-deployment training, and is only valid for one tour of duty in a mission area.

5.1.4
Paper 3: The DEU Medevac Company – Building a Flexible Evacuation Chain in Theatre


Lt Col. (MD) Frederik Kiel gave a presentation titled: Medical Evacuation in the Northern Region of Afghanistan – Capabilities and Challenges, as a representative of the German Immediate Medical Reaction Forces. As can be seen from the title in the headline, this was a change in title from the programme. Unfortunately, no paper is available for this presentation, which is thus only described from the Powerpoint Presentation (PPT) and notes from the meeting. 

The medical and evacuation organisation in the Northern Region of Afghanistan was described, stressing the very difficult ground evacuation situation due to geographical factors and poor road conditions. Consequently, deployed Forward Treatment facilities and Rotary Wing casualty transport has to be relied on for compliance with the time limits that are relevant for Advanced Trauma Care (1 hour), Damage Control Surgery (2 hours) and Primary Surgery (4 hours). The Medical centre piece in the region is the German Role 2+ facility in Mazar-e Sharif (MeS). Germany also provides two of the other Role 2 facilities in the Region, in Kunduz and Feyzabad. 

For In-theatre Aeromedical Evacuation missions, Germany provides CH 53 helicopters and C-160 Transall transport aircraft operating from MeS. For Strategic Aeromedical Evacuation Germany uses either the Airbus A 310 or the Challenger 601, after a rendezvous with the Tactical MEDEVAC in Termez, UZB. 


The presentation described the Medical support provided to an operation in the extreme west of the Region, to counter insurgency activity there in 2007. A Role 2 LM was deployed by Germany to support the operation, since the in-area medical facilities could not otherwise guarantee treatment within the required time frames. This newly developed, mobile facility was described in some detail. 

5.2
Session 2 – Interoperability and Standardization in Medical Evacuation (Protocols, Records, Documentation, Multinational Operations)


5.2.1
Paper 4: NATO Trauma Registry

Prof. Erik Fosse gave a presentation on the present status of a new NATO Trauma Registry. The Trauma Registry is gradually being developed and tested, as suggested in the report finalized by RTO/HFM RTG 131 in 2007. The overall purpose of the registry will be to create a NATO wide knowledge based system, to evaluate the effectiveness of individual factors in treatment, evacuation and other procedures, on patient outcome, thereby making evidence based adjustments possible. Some of the larger NATO-countries already have implemented National Trauma Registries, but many NATO countries have not, or are too small to allow for meaningful statistical work on a very small number of datasets. Thus it should be in the interest of all NATO countries to pool data, to create the best possible data to assess all aspects of patient treatment from point of injury to final outcome.

The NATO Trauma Registry is intended to allow assessment of a wide variety of factors related to trauma patients. This is also intended to include the different levels of evacuation along the patient treatment chain, which is the reason why it is very relevant to the subject of this meeting. The work is ongoing, and after endorsement by COMEDS the Trauma Registry is now entering a sort of prototype stage, where Norway and the Netherlands will test a version of the Trauma Registry throughout 2009.

5.2.2
Paper 5: Medevac in Afghanistan: Lessons Identified! Lessons Learned?

Col Dr. Ingo Hartenstein presented the experiences of the NATO Joint Forces Command in Brunssum (JFCBS), which is the operational level headquarters for ISAF. A description was made of the planning and principles of medical support and the evacuation chain, and of the many difficulties resulting from national differences, national caveats on the use of their assets, the terrain and other operational issues. However, the overall results in terms of patient survival are very good, as a result of a very large focus on the subject from all sides. But among other reasons, the lack of fulfilment of all the NATO commands requirements by nations has as a result, that the policy decided timeline for surgery within 2 hours, can not always be met. However, there has been improvement from 2007 to 2008, partly as a result of better command and control of assets.

The presentation focused mainly on the Forward Aeromedical Evacuation in ISAF. This is coordinated regionally in the 5 regions of Afghanistan by a Patient Evacuation Coordination Cell (PECC). The present mode of operation relating to the timelines for treatment were described, and a discussion made on the possibility of stretching the time to 4 hours to primary surgery, if a forward placed Damage Control Surgery had taken place within 2 hours of injury. 

The availability of Rotary Wing evacuation is a critical component of the treatment chain, because of the combination of terrain features, distances and poor road conditions and road safety. But as far as time limits are concerned, the time necessary to warm up and check weapon systems on the indispensable armed escort helicopters has proven to cause considerable delays. 


To further improve the medical capabilities in ISAF, Nations are encouraged to fill the agreed requirements for forces and assets, national caveats on the use of assets should be diminished and some medical treatment facilities should be enhanced. Long time considerations about possible common funding and operation of transport aircraft for Aeromedical Evacuation (the AWACS-model) could be part of the solution. This could also be considered for a common NATO fleet of Rotary Wing assets for Aeromedical Evacuation.

5.2.3
Paper 6: Tactical and Strategical Airmedevac in NATO

Brig Gen (Ret.) Erich Roedig gave a short historical introduction, and then a comprehensive overview of the great variety of mission types where air borne medical treatment is employed, both civilian and military. This has resulted in the need for specialist medical personnel, with training including some level of Aviation Physiology training and insight. 


The development towards greater importance of air borne patient transport in civilian siciety is mostly a consequence of centralisation of specialised medical care, with the consequence of longer transport to treatment, and often inter-hospital transfer of critical patients. Another factor is of course the general improvement of medical treatment, and the increasing focus on the importance of keeping the time from injury to first competent treatment as short as possible.

In the military area the same driving forces have been influential in the development over the last 10-20 years, but other factors have also been at work. In todays conflicts, with very dispersed forces, no clear front lines, and low numbers of casualties, the focus have shifted from large, in theatre, hospitals to smaller, flexible surgical capacities specialized in initial stabilisation and damage control surgery. This leads to increased demands for rapid, flexible Aeromedical Evacuation, with advanced treatment and monitoring capability.

Gen Roedig presented experiences from disaster and mission scenarios, and concluded that Aeromedical Evacuation will continue to drive changes in deployed medical support, and facilitate improvement in casualty care. It requires thorough preparation for timely intervention in case of complications en route, and communications between the players along the patients movement through the evacuation chain. Flight Surgeons play an important role in the planning and execution of AE-missions.

5.3
Session 3 – Special Medical Considerations in the Evacuation Chain – Short Presentations


5.3.1
Paper 7: Special Problems of Brain Injury in Medevac

Col. Dr. Ulrich Kunz gave a presentation about the relevant considerations in Aeromedical Evacuation of patients with Brain Injury. The presentation argued that, although patients with intracranial bleeding would need immediate treatment in the mission area before evacuation to a specialized neurosurgical centre outside the mission area, this was often not the case for blunt or penetrating trauma. In many such cases the outcome would be as good or better if the patient was evacuated with only general stabilisation, with oxygen supplement and elevated head, and with measures in place to counteract abdominal pressure. Hyperventilation is not indicated in contemporary treatment for intracranial pressure. If intracranial procedures have been carried out prior to Aeromedical Evacuation, additional problems will often be introduced, such as intracranial air and subsequent risk of damage to blood vessels. These factors can be seriously aggravated by decreased cabin pressure, acceleration effects and vibration in flight. Patients with head trauma should therefore be examined before transportation to exclude or treat intracranial haemorrhage, but other surgical procedures should, if possible, be postponed to after arrival at the final treatment facility.

5.3.2
Paper 8: Burn Injuries

Lt Col Serge Jennes presented the special problems and considerations related to treatment and transport of patients with burn injuries. Burn injuries are frequent in combat scenarios, and often combined with other trauma. He stressed the importance of initial cooling of the burned areas, while at the same time preventing hypothermia at all cost. Burn injuries are best treated in specialised burn centres, but in mission areas this is complicated because major burn injuries require intensive care after a few hours. Necessary treatment at Role 2-3 includes intensive fluid therapy, the early establishment of secure airways before swelling of face and neck, and extensive incisions of skin and fascia to prevent pressure necrosis. This is not only relevant on the extremities, but frequently also on thorax and abdomen.

There is however a period of relative low risk 3-4 days after injury, and evacuation should if possible be planned for this period. Evacuation should preferably be carried out by specialised burn teams, and require high level intensive monitoring and therapy en route.

5.3.3
Paper 9: Psychiatric Patients

Capt (N) Dr Roger Braas presented relevant considerations related to evacuation of Psychiatric patients. Unfortunately, no paper is available for this presentation, which is thus only described from the Powerpoint Presentation (PPT) and notes from the meeting. In short, patients who should be evacuated include patients with acute schizophrenic episodes, suicidal patients, patients with major depression, patients suffering from early Post Traumatic Stress Disorder and patients who for some reason no longer can stand the combat situation. Evacuation of these patients is usually uncomplicated, and can be completed on any type of aircraft. Sedation and fixation is rarely indicated, except for patients that are frankly psychotic. But patients need to be accompanied, preferably by mental health professionals. 

5.3.4
Paper 10: Polytrauma

This presentation was cancelled.

5.3.5
Paper 11: Abdominal Trauma

Lt Col Raymond Fang presented experiences from Landstuhl Medical Center, especially concerning abdominal trauma, but he also covered multitraumatized cases to some extent. Unfortunately, no paper is available for this presentation, which is thus only described from the Powerpoint Presentation (PPT) and notes from the meeting. The concept of Damage Control Surgery was explained, with the philosophy: “Keep the patient alive at any cost by utilizing unconventional approaches and an abbreviated surgical technique”. This allows for better utilization of resources in theatre, reducing the demand for large specialised hospitals there. 

The use of Damage Control Surgery, and the subsequent need for rapid Aeromedical Evacuation under intensive care to definitive surgical treatment out of theatre, pose many challenges to the Aeromedical Evacuation system. It has to be readily available at the right time in the treatment/evacuation continuum, it has to cope with things like discontinued GI-tracts, “open” abdomen and the risk of bleeding or other deterioration during flight. These transports will often require a CCAT Team to look after the patient.

5.3.6
Paper 12: Ear-Nose-Throat Injuries

Lt Col (MD) Ioannis Diamantopoulos gave a presentation of Ear-Nose-Throat injuries often seen in multitraumatized patients, and the problems they could present in relation to Aeromedical Evauation. Unfortunately, no paper is available for this presentation, which is thus only described from the Powerpoint Presentation (PPT) and notes from the meeting. 

Often ENT related trauma is not treated in the early stages of the resuscitation, stabilisation and evacuation of multitraumatised patients. This is partly the result of necessary treatment prioritisation, and partly because ENT-specialists are often not available at Role 2-3. However, severe complications can result from untreated ENT-traumas, especially when they are in combination with cranial fractures or other kinds of opening to the intracranial space. ENT-trauma may also complicate airway management, as a result of swelling or bleeding. Challenges related to Aeromedical Evacuation include pressure-changes in relation to intracranial air, air in middle ear and sinuses, and the effects of acceleration and vibration. And classically, quick removal of fixations to jaw fractures must be made possible, to prevent aspiration and asphyxiation in case of vomiting. 

5.4
Session 4 – Medical Evacuation (Land, Air, Sea) Equipment, Teams and Procedures, NBC-aspects

5.4.1
Keynote 2: Medical Personnel for the Missions: The German Way

Lt Gen Dr. Jürgen Blätzinger presented the current German involvement in international operations, and stressed that the ambition level is to provide medical treatment to deployed troops, which in its outcome corresponds to the standard prevailing in Germany. Planning principles are: Life Saving Surgery within one hour, Damage Control Surgery within 2 hours, and Primary Surgery within 4 hours. 


As an example of how this is employed in practice, the German medical service in Regional Command North in Afghanistan was described in detail. It includes Roles 1-3, and there is cooperation with a number of Role 1 and 2 facilities from other coalition countries. For evacuation purposes both land and air assets are used, the latter including helicopters from Germany and other countries, as well as fixed wing dedicated aircraft for both tactical and strategical Aeromedical Evacuation. Finally, the process and challenges of planning and manning the medical facilities with appropriately trained professionals at all levels were described.

5.4.2
Paper 13: A Bridge to Airevac: The AFSOC Experience

Lt Col Mark Erwin gave a presentation of the special challenges related to the treatment and evacuation of casualties from Special Operation Forces (SOF) Operations. This differs from larger military operations for a number of reasons: Usually very small forces, long distances to supporting medical facilities, potentially over hostile terrain, and the desire to maintain low visibility of SOF operations. To allow the SOF to provide the best possible care for casualties in the absence of robust medical and evacuation assets, a parallel organisation has been developed with specially trained Pararescuemen (PJ), SOF Medical Elements, SOF Surgical Teams and SOF CCAT Teams. All these efforts combine to provide light weight, but capable medical treatment and evacuation, which can be easily employed where needed. They provide forward resuscitative care, and later advanced monitoring and intensive care in opportune aircraft, making it possible to bridge the gap between the first responder (PJ) care, and the nearest possible definitive care treatment facility, or the nearest point where a safe handover can take place to the more conventional Aeromedical Evacuation chain.

5.4.3
Extra Paper : AEROMEDEVAC, State of the art and projects in French Military Forces


Col Patrick Derain gave a last minute presentation on the present state of Aeromedical Evacuation in the French Military, which was not included in the program. Unfortunately, no paper is available for this presentation, which is thus only described from the Powerpoint Presentation (PPT) and notes from the meeting. He described the so called Morphee Programme, a modularized system, which can be fitted into i.e. an Airbus transport aircraft in a few hours. The system includes pre packed drawers for the cabinets, to allow short response times. Trained Medical Personnel is on standby, and the overall response time is less than 24 hours.


The system can be fitted in a variety of aircraft types, and in a variety of configurations. Future aircraft types are expected to include the A-400 Transport Aircraft and the Airbus A 330 Multi Role Transport Tanker. Other aircraft types include the smaller Falcon jet, which can be fitted with a Morphee Intensive Care Module. This aircraft is also fitted with a patient loading system. Work is also being done on medical equipment for rotary wing aircraft.


5.4.4
Paper 14: Medical Evacuation in Maritime Operation – German Navy Procedures and Experience

CDR Rene Milfeit presented the developments over the last years in the German Navy, with respect to the medical staffing of navy ships, their medical facilities and equipment. He described the special challenges related to ship born medical treatment, related to limitations in medical staff, the on board equipment and auxiliary medical personnel, and how as a consequence the pre-deployment training of the Medical Officers is substantial. In mission areas the on board ship clinic will often be supported by a ship based role 2 facility, covering a larger naval formation. He also described the influence of Naval operations, distance from friendly shore etc, on access to swift patient evacuation in all circumstances. There are substantial challenges in coordination and cooperation with other parts of the treatment and evacuation system, when executing a patient evacuation to the home nation under such circumstances.

5.4.5
Paper 15: Movement of Highly Contagious Patients

Wg Cdr Bruce Court gave a brief introduction to the subject of communicable disease. He used historic examples to illustrate the fact that, as a consequence of today’s travel patterns, a person infected with a highly contagious condition can travel across the world to any country within the incubation period, which does not give authorities any chance of containing the disease in a given area on the basis of symptomatology. 

Of special interest to Aeromedical Evacuation is the need for good policies to prevent transport of highly contagious patients without sufficient measures to protect the crew and the aircraft from contamination. They include basic principles of not moving contagious patients unless absolutely necessary, to prevent unnecessary spread of the disease to other regions of the world. If evacuation of a suspected or verified highly contagious patient is decided, such transport will require the use of special Transport Isolation Units. Their employment, along with trained aeromedical crews, allows for safe transport of individual patients to a safe infectious disease isolation ward in the home country, but the system does not allow for evacuation of more than a very small number of patients. 

In cases with less virulent infections, more traditional protective measures like masks, gloves, proper handling of contaminated materials, etc. should be well known and trained by the medical crew. Other relevant factors for the Aeromedical Evacuation community are knowledge of risk for spread of relevant infectious organisms, the functioning of cabin ventilation in individual aircraft types, and proper procedures and agents for disinfection of aircraft.

5.4.6
Paper 16: Critical Care on Rotary Wing Aircraft

Maj Mark Nassir gave a presentation about a collaborative effort between the US Army and US Air Force in Iraq, where a task had developed for the Air Force Flight Surgeons supporting the Army helicopter operations in and out of an Air Force Hospital. The task was to augment the Army MEDEVAC Crews when moving patients, typically Iraqi nationals, from the EMEDS to further treatment in Iraq by Army Helicopter. 


On the basis of the experiences during a tour of duty in Balad in 2008, he covered some special factors concerning evacuation of critical care patients in Rotary Wing Aircraft and the lessons learned. Finally he presented a concept for pre-deployment training of Air Force Flight Surgeons designated to be deployed in this function, made to US authorities. The concept also included recommendations for personal flight gear and medical equipment for the Flight Surgeon serving in this capacity.

5.4.7
Paper 17: Experience with Long Range Enroute Care

Lt Col Raymond Fang presented the development and experiences of the United States Air Force with regards to long range intensive care for critically ill and injured patients, exemplified with statistics from 2005. The development of the Critical Care Air Transport Teams (CCATT) is a corner stone in the overall transformation of the medical treatment principles in mission areas toward smaller medical footprints, and fast evacuation to definitive care out of the mission area. It has allowed Aeromedical Evacuation of critically ill or injured patients over long distances, which is not possible with only the traditional Aeromedical Evacuation Crew consisting of Flight Nurses and Flight Technicians. Since the vast majority of patients in the evacuation chain do not require advanced care, the primary AE crew is still the core of the system, but can be supplemented by CCATT as required. 

The selection and training program for the CCATT members was presented, as well as the equipment package that follows the team on missions, adequate for the transport of up to 3 mechanically ventilated patients. 


Specialized CCAT teams include Burn Flight Teams from the Army Burn Center in San Antonio, and Neonatal Extra Corporeal Membrane Oxygenation (ECMO) Teams from the Air Force Hospital in the same city. A more recent addition is the Acute Lung Rescue Team (ALRT), based at Landstuhl in Germany, which allows for evacuation of patients with Acute Respiratory Distress Syndrome (ARDS) when this condition is too severe for the capabilities of the normal CCAT Team.

5.4.8
Paper 18: Clinical Governance in the UK Aeromedical Evacuation Chain 

Sqn Ldr Ian Mollan presented an internal review process that had taken place of the RAF AE system. The review had evaluated the existing reporting systems for incidents in the AE-chain, and identified needs for improvement of reporting and evaluation of incidents that could have an effect on patient outcome. Recommendations for changes were made, to encourage more extensive reporting and a better risk analysis and evaluation of the material, with the purpose of suggesting relevant remedies to identified problems.


The method for Risk Analysis was described in detail, including suggested changes in the procedure. The process is ongoing, and important for the continuous improvement of all aspects of the AE system, for the benefit of the patient and the proper management of resources.

5.4.9
Paper 19: Critical Care Air Support Teams


This presentation was given by Sqn Ldr Ian Mollan, since Wg Cdr Simon Turner was not able to attend. A short historical background of Aeromedical Evacuation was given, and then an introduction to the present policy of rapid patient movement through Role 1 to 4, with advanced resuscitation, damage control surgery and advanced intensive care and monitoring during evacuation. 


The RAF operates so called Critical Care Air Support Teams (CCAST), as a supplement to the basic AE crew composed of Flight Nurses and Paramedics. The CCAST was described in terms of composition, training, equipment and capabilities. The readiness and typical mission profiles was described, as well as the variety of airframes used. 

Current areas of interest and research are fatigue, related to the medical crew, and patient feeding en route. 

At present, no regulation exists for duty hours and rest for the medical crew, in contrast to the flight crew where such regulations have existed for many years. The problem is addressed by supplementing the crew to allow for some rest en route, and there is research planned to look for evidence of decrease in performance of the medical crew for the specific task of the medical staff in the rear compartment of an aircraft.

At present CCAST patients are not fed during AE, to reduce the risk of aspiration and lung complications as a result thereof. Since early enteral nutrition is recognised as important for the patient outcome, research is underway to establish whether it is safe to feed patients via a naso-gastric tube during AE.

6.0
Conclusion and recommendations


The meeting was attended by participants from 16 countries, mostly “old” NATO-countries, but also a couple of PfP-countries. The presenters at the meeting represented a total of 8 NATO-countries and 1 NATO HQ, including large, medium and small NATO-countries. Unfortunately, there were no presenters from the newer NATO-member countries, so it was not clear what the state of development in patient evacuation is in the newer alliance countries. The professional background of the presenters varied widely, perhaps with a slight overweight of presenters with an Aeromedical Evacuation background, both fixed and rotary wing. However, there were also presenters from the land and sea areas of responsibility, and all together the presenters gave a comprehensive insight into the current state of affairs in patient evacuation. 


Fundamental changes have taken place in the last one or two decades with regard to medical setup in mission areas, too better utilize medical capabilities (and maintain a small medical footprint), and at the same time improve patient outcome (by providing faster access to specialized treatment). As well as improvement of treatment at Roles 1 through 4, improvements in quality and capability of patient monitoring and treatment during various stages of the patient evacuation chain are extremely important for providing the best chances possible, for survival and recovery. This includes availability of both suitable means of transport, advanced medical equipment, and patient care providers with the right training, within the timeframes given by the latest principles for casualty treatment. The combined result of the changes in treatment and evacuation strategies have resulted in a dramatic reduction in the time from injury to definitive care in a role 4 facility in the home country. This time has been reduced from weeks - months, to 1 - 2 days. At the same time, patient outcome is the best in recorded history.

When the patient treatment stages, and the evacuation stages in between, is seen as a continuum, the ambition is to gradually increase the sophistication of monitoring and treatment each step along the way. It was pointed out in a couple of presentations that there may be room for improvement in forward (rotary wing) Aeromedical Evacuation, where equipment and patient care providers may not always be readily available. This issue should be addressed, and NATO should consider if this could be a common effort, or if each Nation must seek its own solutions.


The field of patient evacuation in general and Aeromedical Evacuation in particular, is very dynamic and ever changing these years. Very sophisticated treatment can be applied or maintained during the transport and new equipment and procedures are being developed all the time. The changes have included flexible augmentation of the traditional Aeromedical Evacuation Crews with specialised care providers, such as the US CCAT- and UK CCAST-teams. Typically, all alliance or coalition partners will participate in patient treatment and evacuation at Role 1, and to some extent at Role 2, whereas evacuation and treatment after Role 2 will be provided by a few larger countries, back to the home nations Role 4 treatment facilities.

Each nation is collecting experiences, positive and negative, and making adjustments to equipment, procedures and the composition of the patient care providers at the various stages of the evacuation chain on a regular basis, based on their own data. However, there seems to be no formalised system to share this data, which means that valuable lessons may not be utilised in full by NATO Nations, or by NATO as a whole. This lack of cooperation may lead to duplication of efforts, and loss of useful information. The nations most likely to be hampered in the development of their patient evacuation systems, are the smaller NATO-countries. They will often (fortunately) not have a sufficient number of patients to evacuate, to allow them to make changes to their own evacuation systems, based on statistically significant knowledge.

The proposed NATO Trauma Registry could alleviate this situation somewhat, with respect to actual patient treatment procedures, but will probably not include data collection on more specific problems related to the use of equipment and procedures during Aeromedical Evacuation, or other stages of patient evacuation. NATO should consider developing and implementing a system to pool the positive and negative experiences related to Flight Safety issues, loading and unloading of patients, equipment issues when used in aircraft, planning and coordination issues, and other procedures during the various stages of patient movement. Such a system could assist all nations in developing their evacuation procedures and systems, based on as much information as possible, and thus benefit from the knowledge and experience of all NATO-Nations. This should be further analysed by NATO, and a potential solution would probably require permanent “ownership” and staffing in a NATO HQ. The RTO/HFM Operational Medicine Area Committee should consider an Exploratory Team to assess the possibilities for creating a sort of evaluation and quality control system for patient evacuation.

With the decreasing size of national military forces, and the expansion of military missions, both numerically and geographically, the requirement for cooperation in all areas, including medical, is ever increasing. This is not only a NATO issue, but also concerns various coalitions with PfP or other nations in specific mission areas. We have to work together, despite difficulties related to language, equipment, terminology, legal issues and other problem areas. 


When nations are cooperating closely in the patient treatment and evacuation area, there is an abundance of professional terms for individual patient care providers. Many of these terms are strictly national, and the actual professional training level is not obvious to planners, commanders or patient care providers from other nations. This is aggravated by translating terms in national language to a NATO language, typically English, where a specific term is often picked without making sure that the actual contents of training etc. actually corresponds. This leads to some confusion, and potentially could result in placing personnel in positions they are not qualified for. There may also be legal aspects involved, when a nation has to decide if it will allow its nationals to be treated by health care providers from other countries. Standardising the training and currency requirements for all NATO-nations is considered unrealistic for many reasons. Instead, it should be considered to establish a database with detailed information about the training of all types of health care professionals in all NATO countries.

The meeting was found very useful by the participants, in providing updated information on ongoing developments in other countries. In the absence of other mechanisms to share knowledge and experiences related to patient evacuation procedures related to the current treatment policy in mission areas, it was felt that such meetings should be repeated on a regular basis, annually or biannually. Participation and presentations should be encouraged from as many NATO nations as possible, especially from the newer NATO member countries. PfP and other partner countries should be invited, both to participate and present their own experiences and solutions. 
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ALLIED JOINT DOCTRINE FOR MEDICAL EVACUATION


Abstract

This article concentrates on the policy that is available within NATO to support and coordinate the medical evacuation (MEDEVAC) process, for both NATO forces and for those agencies and bodies that choose to interact and operate alongside NATO personnel. NATO doctrine is coordinated and crafted by Allied Command Transformation (ACT) who provide custodianship of Allied Joint Publications.


Within the hierarchy of NATO doctrine, medical doctrine begins at Level 2. For the purposes of this publication our key policy document is AJMedP-2 which was previously known as AJP-4.10.2. 


The NATO Joint Medical Evacuation Concept can be considered a distillation of the best practice of the contributing nations, in the service of the casualties generated within the NATO operational environment.


The use of appropriately-trained medical staff and equipment for the sustainment of the casualty throughout the MEDEVAC chain (in doctrine referred to as continuity of care) is the difference between MEDEVAC and CASEVAC. This is described in STANAG 3204.


The article specifies and explains the different categories of medevac as well as the different levels of medical care. It dwells on Command and Control issues and emphasizes that a variety of options is available and that the routes for the patient reflect the conditions that may be encountered in operations.


As with the process of medical evacuation itself, the doctrinal direction is working within a constantly changing environment and thus in a constant process of development.

1.0
General


This article concentrates on the policy that is available within NATO to support and coordinate the medical evacuation (MEDEVAC) process, for both NATO forces and for those agencies and bodies that choose to interact and operate alongside NATO personnel.


2.0
Levels of Doctrine


NATO doctrine is coordinated and crafted by Allied Command Transformation (ACT) who provide custodianship of Allied Joint Publications.


Within the hierarchy of NATO doctrine, medical doctrine begins at Level 2. For the purposes of this publication our key policy document is AJMedP-2 which was previously known as AJP-4.10.2.
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Those documents portrayed as YELLOW are “under development” and in the process of being created or authored.


The GREEN documents are presently published as “ratification drafts” and are being coordinated with the individual nations of NATO.


The RED documents to still to be developed. 


AJ MedP-2 has already been ratified by 10 nations and a few more are required for a final publication to be achieved.


3.0 Concept of Evacuation


The NATO Joint Medical Evacuation Policy provides a general concept of evacuation. 


This concept can be considered a distillation of the best practice of the contributing nations, in the service of the casualties generated within the NATO operational environment. 


The concept addresses LAND, SEA and AIR environments and seeks to provide a framework for interoperability between the many potential contributing nations. As it can be imagined, within the NATO operational environment there is a huge risk that if nations were to operate independently, chaos could result.


Casualties can be generated anywhere within the battle space, even outside the area of an individual nation’s area of responsibility. 


A common and predictable system for the evacuation of casualties enables all contributing nations to plan for the transfer and recovery of the patients, eventually to the home nation. 


The movement of casualties in all weathers, over all terrains, at any time (subject to the situation of the moment) is a key capability.


The use of appropriately-trained medical staff and equipment for the sustainment of the casualty throughout the MEDEVAC chain (in doctrine referred to as continuity of care) is the difference between MEDEVAC and CASEVAC. This is described in STANAG 3204.


Tracking the movement of the casualty through the continuum of care is a basic planning requirement. The regulation of the treatment and the flow of casualties within the evacuation chain is an essential prerequisite to ensure, treatment meets the needs of the patient and the movement of the patient is executed in in the most effective and efficient manner.


4.0
Categories of Medevac

NATO policy describes these 3 categories of MEDEVAC. There is a general recognition that many nations may choose to describe their MEDEVAC activity in different ways but we must remember that NATO must provide the common framework, that can be appreciated and contributed towards by all NATO national elements.


FORWARD MEDEVAC is described as being from the POINT-OF-WOUNDING to the initial Medical Treatment Facility (MTF), which could be any of the medical ROLE types Role 1, Role 2 Light Manoeuvre, Role 2 Enhanced or Role 3. As you will hear during this Conference, it is this area of MEDEVAC that is currently receiving a great deal of study as this represents the first opportunity for resuscitative intervention. The movement of the casualties in Forward MEDEVAC is, as you might expect, predominantly provided by the ground-based, “blue light matrix” ambulance fleets, or the rotary wing airframes. 


TACTICAL MEDEVAC is coordinated transfer of patients within the Joint Operational Area (JOA), between the available MTFs. The aim of the movement is to advance the casualty to greater care levels to meet the needs of the patient, with the ultimate aim of achieving transfer of the patient to the Casualty Staging Units (CSU) and into the final category of MEDEVAC – the STRATEGIC MEDEVAC. The transport methods are very much dependent upon distances, numbers for transfer and what is actually available. However, it could include ground ambulance, rotary wing helicopter of even fixed wing airframes.


STRATEGIC MEDEVAC. Also known as STRATEVAC, this is categorised as the repatriation of the patient out of the Joint Operational Area. The intent is for the patient to be ultimately returned to the home nation, but the category includes the concept of Intermediate Evacuation Facilities (IEFs) which can act as care-staging facilities on the routing back to home nation (such as Cyprus for some GBR/NLD patients in the Gulf conflict and Ramstein for many nations in the ISAF mission).


5.0
Levels of Medical Care

Doctrine describes the inter-relationship between the different levels of medical care and the MEDEVAC options that may (dynamically) be available. The most difficult issue with providing this doctrine is to clearly explain the options available as part of medical planning without having this doctrine interpreted as absolute and prescriptive routes to treatment.


There are a number of options available across the continuum of care and that these options can be coordinated and mobilised in a planned fashion that sustains and maintains the medical health of the casualty. One doctrinal issue that NATO has had to contend with is the description of “linear medical evacuation”. The intent was to describe the continuous nature of medical care from point of wounding to final repatriation. However, there has been some “literal” translations of this intent into a rigid adherence of Role 1, followed by Role 2LM, followed by Role 2E, etcetera. The following diagram, whilst a little overwhelming, shows that a variety of options is available and hopefully gives the impression that the routes for the patient can reflect the conditions that may be encountered in operations.
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Role 1 is doctrinally described as being a national responsibility, so one could consider the recovery of personnel from point of wounding (forward MEDEVAC) as a national responsibility. For nations lacking such capability, memoranda of understanding (MOU) with nations that DO have the capability, are normally arranged. From Role 2 to Role 3 (tactical MEDEVAC), both NATO and the nations share responsibility for patient care. Eventually, when the patient is released to STRATEVAC, national responsibility is again resumed. 


But as not many nations can afford these expensive airframes with highly sophisticated state of the art medical equipment, NATO vigorously encourages multinational cooperation. This can reach from bilateral MOUs up to a NATO agency, comparable to AWACS, with a NATO fleet of suitable aircrafts.


The CSU provides the holding capability at the airhead (APOD) to meet the STRATEVAC. This capability may be provided by the Role 3 (depending on beds available and location) but ideally should be separate.


6.0
Command and Control (C2)

C2 for medical is of paramount importance. Not only does this provide the overview of the operation and the medical deployment of assets, but it also ensures that individual component efforts are coordinated and working collectively for the benefit of the patients. The Medical Advisor (MEDAD) as the focus for medical C2, provides the ultimate role of maintaining a dialogue on medical issues with the operational commander. 


The PECC is the key to the coordination of movements of the patients. Each component of an operation will have at least one PECC (they may have more to ensure regional cover). They receive the patient movement requests which include the details necessary to ensure the most effective movement such as medical priority (P1, P2, P3) and this is coordinated with transport means available within their area of responsibility. In critical situations the PECC will often serve as the medical CJOC.
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This slide is not intended to be a description of all doctrine and policy available. 


Instead it merely highlights that there is a large body of experience and advice available that underpins the higher level doctrine for medical evacuation procedures. As with the process of medical evacuation itself, the doctrinal direction is working within a constantly changing environment (as it should).


As an example the recent experience may serve, that most of the forward Aeromedevac missions flown in Afghanistan go to so called hot landing zones. The border between forward Aeromedevac and Combat Search And Rescue blurs. NATO doctrine will have to react on this challenge. It will have to unify or amalgamate the two doctrinal approaches.


Groups such as the RTO-Meeting, are key to the advancement of the art of evacuation. Advances in medical techniques, operational challenges to current direction and the relentless questioning of medical assumptions are the essential lifeblood of doctrine development.
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Abstract 


In order to deliver modern state of the art emergency care to wounded soldiers in international operations it is necessary to establish a joint NATO trauma registry. Several legal factors put constraints on the way such a registry can be established. In addition there are several practical challenges such as pseudoanonymization, data collection, data set format, and a common coding system for all nations. These challenges were identified by the RTO task group RTG 13, and several of the practical challenges have been addressed by different Comeds working groups during 2008. Based on these solutions Norway and the Netherlands currently are preparing a trial registry system. It is believed that a common NATO trauma registry will provide important information in trauma management and evacuation. 


Introduction

All nations participating in international operations experience casualties. By November 2008 the number of deaths in Afghanistan was 987 (fig 1) and in Iraq  4 494 (fig 2) (1,2). Only in Iraq the number of American wounded soldiers was 30182 by November 2008 (3). In Afghanistan the report on American wounded soldiers is 2586 (1). The total number of wounded coalition forces soldiers in the two operations may be above 40 000. The casualties occur under different circumstances, not all are combat injuries, as there is a variation in mechanism of injury. There is also a great variation in type of injury, and the type of initial treatment may also vary within the coalition forces.

Some countries like the US and the UK have experienced a high number of casualties in Afghanistan and Iraq, but for the majority of the NATO nations the death toll within each country is low and the number of injured likewise. This means the individual NATO countries only get anecdotal experience from the casualties, and there is no tool to gather the information statistically and thereby improve logistics or medical treatment for NATO as a whole. 


Military Medical Support has changed from world war 2 and the Cold War role where NATO’s medical services were organized for the treatment and evacuation of large numbers of battle casualties, with a focus upon the movement of casualties rearwards from the battle area and resupply of medical materiel forwards.  The context in which military medical support is provided has changed during the last decades. The base for change is partly knowledge from civilian trauma care, but also new technologies for emergency treatment in the field and during evacuation.

Public expectations of an individual’s right to health and demand for high quality treatment outcomes are increasing all the time.  An effective military medical system providing prompt an accurate treatment according to international standards and expectations is therefore mandatory.


Modern medicine has become highly specialized and technical.  In the trauma setting the time factor form injury to adequate surgical treatment is critical. The evacuation of injured sodiers thus is a matter of speedy evacuation from the field to a surgical unit able to perform adequate damage control and from there to definitive or follow up treatment.


In the modern evacuation chain, correct first aid resuscitation in the field is critical, and today there is a wide number of drugs and devices with the potential to improve resuscitation, but where efficacy and utility remains to be proven. Accordingly there is a wide variety in emergency treatment options and evacuation strategies. Thus,it is necessary to provide an evidence based practice both in evacuation and treatment.


In civilian trauma care trauma registries are mandatory to ensure quality control and provide data for evidence based practice.

Health and medical care during operations have increasingly become a responsibility of the Alliance’s operational commanders and, at times, may even become the commander’s main concern.  The influence of medical factors upon operational decisions requires multi-national medical solutions and a professional and influential medical staff.

A multinational approach to casualty management requires standardisation of medical and evacuation procedures and a cross national monitoring of outcome. In the context of effective medical monitoring, a common registry is mandatory.


Many nations have begun to employ trauma registries in a variety of formats that are not interchangeable or usable as common tools for analysing mechanisms for improving casualty care and protection.  In 2007 NATO RTOs Human Factors and Medicine Panel created The RTO-HFM Task Group 131 to analyse the current state-of-the-art in trauma registries, and to identify mechanisms by which the benefits of trauma registries can be harnessed by NATO. The RTG saw the following potential of a common NATO trauma registry (4):


· Aid in the classification of injuries sustained in military operations


· Track casualty outcomes and impairment


· Assess and improve treatment quality


· Develop standardised clinical treatment guidelines


· Ensure effective process monitoring

· Improve the development and use of protective equipment and vehicle protection


· Inform and focus medical research

National databases


Both  France, UK and the United States have designed trauma database systems for their soldiers. The RTG 131 suggests that a NATO registry be based on the American database system as it seem to be the most versatile system. 


In 2004 the US army established the joint trauma theatre registry (JTTR) to record the circumstances of  soldier injury and the type of treatment as well as the outcome of injury. Based on the figures in table 1 and 2 USA has the number of casualties sufficient for making statistical analysis with enough power to evaluate the impact of different factors on survival and general outcome. Already the JTTR has led to changes in practice on many fields. Based on data from the registry it was found that hypothermia was a major problem for resuscitation even in the warm environment in Iraq. The efficacy of rFVIIa for initial treatment of major bleeding was documented. The transfusion strategies and the role of fresh whole blood and plasma on bleeding was documented. The registry further revealed an unproportionally large number of hand burns, leading to the issue of gloves for hand protection to all soldiers. The efficacy of ICU teams was documented and the efficacy of the forward surgical teams was evaluated leading to a reduction in forward surgical teams.


The JJTR was based on the civilian trauma registry from the American Society of trauma. There are numerous international, national and in-hospital registries in civilian health care and trauma registries are today considered fundamental for providing evidence based trauma care. Trauma registers are being used to monitor development in mechanisms of trauma and audit quality of management and allowing comparison of centres. The registries thus enable improvement in treatment based on scientific evidence.

The work towards a NATO database for trauma


In 2004 the Human factors and medicine (HFM) panel of the NATO research and technology organization (RTO) arranged a symposium on combat casualty care in order to address the problem of combat injuries in joint operations (5). The symposium was held together with the American yearly ATACCC conference in Florida and the referee of the meeting, Howard S Champion concluded among other things on the need of a common NATO registry. The HFM then established an exploratory team to look at the possibilities to establish a trauma registry. The team had one meeting in 2005 where it was decided to start working on the establishment of a trauma registry. In the fall 2005 the HFM established a research task group (RTG 131) to identify the structure of a registry and also the possibilities and challenges in establishing a registry. The RTG 131 finalized its report in 2007, suggesting the establishment of a registry. The plan to establish a trauma registry was endorsed by Comeds in November 2007, and the military medical committee was given the responsibility to lead the work. Both the MedCis working group and the Health care working group were tasked to work with the registry. During 2008 the MedCis working group developed STANAG for the coding structure of the registry, which was a core step towards a common system. To facilitate and speed up the process the HFM established a lecture series (RTC) to address the Comeds working groups. Lectures were given at core NATO meetings on five occasions in 2008.


The purpose of the proposed NATO data base as suggested by the HFM RTG was:


· Collect, process and analyse summary data in any role 2 facility

· Contribute to the reduction of injuries and related     deaths in the field by   identifying, describing and quantifying trauma 


· Increase awareness of combat injury 


· Assist injury prevention and improve treatment programs 


· Support injury-related approved analysis and research within NATO


Possible outcome to the NATO nations were the following


· Define risk situations for different casualties


· Quality assessment of primary treatment


· Assessment of evacuation


· Assessment of secondary and tertiary treatment


· Compare different modes of management


· Establish common practice within NATO


· Perform multinational clinical trials


· Create an evidence based  practice  within NATO in the treatment of trauma


Challenges and obstacles


There are numerous challenges in establishing a common trauma database system.

· Inclusion/exclusion criteria


· Data collection


· In the field


· In the role 2 units and above


· Structure standardization 

· Legal conciderations 

· Management of the registry


· Ownership to data


· Privacy issues


· Security issues

Inclusion/exclusion criteria


The RTG131 suggested to use the same criteria for inclusion as the JTTR. That is all physical trauma, regardless of mechanism


Data collection

All experience show that it is necessary to appoint dedicated registrars to obtain data. RTG 131 suggest that registrars be appointed at all sole 2 facilities. It is also suggested that all written reporting before role 2 be structured to be able to be included in the registry.

Standards – common language


A NATO trauma registry must use a common language ideally complying with  Medical Communication and Information system (MEDCIS) standards.

Examples:   


· Images: DICOM


· Messaging: HL7 Health language 7 


· Classification: SNOMED-CT or ICD10 or ICD 9


· Medicines: ATC (anatomical, therapeutic, chemical)


· Procedures: SNOMED-CT


· Patient demographics HL7


· Clinical encounters HL7


· Text based report HL7


Of particular importance is the establishment of a standardized element structure. During 2008 the MEDCIS working group has developed such a system in stanag 2231

Legal considerations 

As employer each nation retains the legal responsibility of their personnel. Upon transfer of authority the NATO commander shares the responsibility. As the medical care in the field increasingly is delivered by a multinational solution, the responsibility leans heavy on the local commander (6).


NATO thus has an obligation to utilize appropriate instruments to improve medical care to ensure the optimal clinical outcome. 


It is however the responsibility of each nation to take appropriate legal action to participate in a joint registry.


The RTG 131 work revealed that the individual national laws of the NATO nations limit the options for how a joint trauma registry can be organized. 


If the primary goal of the registry is research, the regulations of the Helsinki declaration apply, including the need for informed consent from each individual. However as the registry is defined as a quality registry it was concluded that informed consent was not necessary, provided that the data available to other nations are anonymized or pseudoanonymized. 


Each nation has the ownership of data from their nationals. When several nations contribute data to a database, this implies a need for regulations on the ownership of all data in the database and clear agreements and restrictions of use of data. This also implies agreements on publication and accreditation of contributors in publications.  A central storage of data from all nations at one location may thus be difficult given the present legislation.


Security issues

In the database setup, the location where the injury took place is recorded, on certain missions the location of the soldier may not be of interest to record. It is therefore suggested that all trauma casualties are recorded, but that sensitive information just is omitted and the entries in the database left blank.

All these issues were addressed by the HFM RTG. The RTG also discussed the possible way of establishing a common database and identified three options:


1. National, compatible Trauma Registries


2. Lead Nation Trauma Registry 


3. Central NATO Trauma Registry


Faced with the legal obstacles RTG 131 suggested option one as the only  feasible way of implementing a common database:


Each nation run their own compatible database, and pool data when they want to answer a question of quality or research. When this structure is working, NATO can address the legislative and political obstacles in forming a central database located in one nation in due time, if this is required.


Implementation

The recommended option 1 was endorsed by Comeds. This means that each nation need to establish their own register. But all registries will have the same format, thereby allowing pooling of data when necessary.


The MedCis working group suggested that some nations need to make a prototype.


In October 2008 the Netherlands and Norway agreed to establish a trial database, and test communication of data between the two nations first in a sham situation. Once the two nations have established a working solution this will be made available to the other NATO nations 

The development of a NATO Database system will consist of several elements.


1. Development of a registry on agreed standardized elements 


2. Development of a system for communication between nations


3. Development of a system for acquiring data at the role 2



Electronic, paper format


Appoint dedicated registrars at the role 2 facility


4.  Development of a system for communication from the field to the central national               registry.


The present project aims at developing the database structure, the element structure and the mode of communication of data between the two nations.


The following steps have been agreed:

Agree on the dataset – Together


It is important that the dataset structure is compatible with the JTTR. The RTG suggested a structure which was modified by the MHCWG. The two nations will agree on the common dataset after a final communication with JTTR. Then the dataset structure will not be altered during the project period. The Netherlands has established a database and there is no problem to have more datasets than those agreed upon, as long as the agreed sets have the same format.

Agree on the element structure -Together


The MedCis has established an element structure in Stanag 2231. This element structure will be used. There are some elements in the NATO trauma registry that are not covered by Stanag 2231. The group will develop XML elements with definitions for these items. 


Create a national registry - Each nation


Once the element structure is agreed, each nation create their own database based on the element structure.


Test patients – Together


Each nation put in 50 sham patient entries with agreed ICD 10 codes


Communicate entries – Together


The nations need to identify a way to communicate the entries so they both get access to patients with the same ICD 10 code.


The following milestones have been agreed


1. Agree on dataset, adapt Stanag 2231 and annex by Januray 2009


2. Build a common element structure finalized by March 2009


3. Build a national registry based on the element structure finalized by June 2009


4. Identify a way to communicate between the registries August 2009


5. Exchange data and identify bugs in the system


6. A working system of communication of data December 2009


Conclusion

A common NATO trauma database is needed. There are many challenges in establishing a registry, but the main obstacles have been identified. Several working groups within NATO have contributed to solve the problem. The binational project between the Netherlands and Norway in collaboration with core Comeds working  groups may provide a common tool for creating the registry.

Table 1. Coalition deaths in Afghanistan by October 11th 2008 (1).


Australia 
  6


Lithuania
    1   


Canada     97

Netherlands
  17


Czech
  3


Norway 
   
    3


Denmark
16 


Poland

    8


Estonia 
  3


Portugal
    2



Finland
  1 


Romania
    8





France
22


South Korea
    1


Germany
25


Spain

  25


Hungary
  2


Sweden
   
   2




Italy
12 


UK

124


Latvia
  1


USA

622


    



Total

1001


Table 2. Coalition deaths in Iraq by November 13th 2008 (2)


Australia

2

Latvia


      3


Azerbaijan
1

Netherlands

      2


Bulgaria
             13

Poland

   
    22


Czech Republic
1

Romania

      3


Denmark

7

Slovakia

      4


El Salvador
5

South Korea

      1


Estonia

2

Spain


    11


Fiji

1

 Thailand

      2


Georgia

5

Ukraine

    
    18


Hungary

1

United Kingdom
  
  176


Italy
            33

United States

4195



Kazakhstan
1

Total


4509

Figure 1. The possible impact of a NATO trauma registry on different aspects of battlefield care (4 ).
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Medical Evacuation in AFGHANISTAN: Lessons identified! Lessons learned?


Abstract

Joint Forces Command in Brunssum (JFCBS) is the operational level headquarters (HQ) for the International Security Assistance Force (ISAF) mission in Afghanistan. From the view of the current Medical Advisor of this HQ this article lights aspects of Aeromedical Evacuation (AE) in the Afghan theatre. The operational planning for ISAF is based on the respective doctrinal NATO documents. This doctrine reflects, that in contrary to plans from the cold war aera the focus lies no longer on the relief of the fighting troops from casualties but on the state of the art care for the patients. Whilst the timelines for Medical Evacuation have recently come under discussion the doctrine has proven worthwhile in the current conflict as it balances the benefit for the patient against feasibility. The article goes into detail on the limitations for AE in Afghanistan, be it national caveats, the availability of suitable airframes and medical AE specialists, weather and altitude, night flying capability or the tactical situation. It specifies a Patient Evacuation Coordination Cell (PECC) and challenges in Command and Control (C2). 


Despite a higher tempo and intensity of operations the number for the “Killed in Action” (KIA) has relatively decreased whilst the figures for the “Wounded in Action” have increased. This shows, that the medical treatment and not at least the medical evacuation has significantly improved. Meanwhile more than 3200 patients have been flown in over 2063 missions, of which 30% were cases of the highest urgency. More than half of the patients were rated as casualties that need to see a surgeon latest after two hours of wounding. When 2007 still 12 percent of all flights were outside the two our timeline, it was possible to reduce that figure to 7 percent in 2008 by improving mainly command and control but also by employing more airframes. The vast majority of patients were ISAF casualties, followed by ANSF.


The current Combined Joint Status Of Requirement (CJSOR) is by far not yet filled and national caveats hamper COM ISAF’s flexibility in employing Aeromedevac Airframes. A medical theatre reserve is mandatory for future operations. Current British experiences suggest, that highly interventional pre-hospital treatment of casualties as close to the point of wounding might be beneficial (scoop and play).


1.0
General


During the current International Security Assistance Force (ISAF) mission in Afghanistan, NATO has gathered a lot of valuable experience in the field of medical evacuation. Joint Forces Command in Brunssum (JFCBS) is the operational level headquarters (HQ) for this mission. The following article reflects the authors experience as the Medical Advisor to HQ JFCBS. It focuses primarily on Forward Aeromedical Evacuation in ISAF. Ground Evacuation is primarily performed for and by the Afghan National Security Forces (ANSF) whilst Tactical Aeromedical Evacuation is a topic, that would exceed the intended volume of this article.


2.0
Introduction


The military theatre in Afghanistan is exceptionally complex hence a multitude of organisations and stakeholders have interests in that country. It is of paramount importance to understand, that Coalition Forces are running the Operation Enduring Freedom (OEF) in parallel to the ISAF mission. Although in general a strict separation ob both missions is adhered to, this is not feasible for medevac and medical treatment. To use such scarse assets as Aeromedevac Helicopters just for one of these missions is not affordable and can not be justified.


 


3.0
Definitions and Concept:


3.1
Doctrine:


The operational planning for ISAF is based on the respective doctrinal NATO documents. This is primarily the MC 326/2 (NATO Principles and Policies on Operational Medical Support), the AJP 4.10(A) (Allied Joint Medical Support Doctrine) and the Supreme Headquarters Allied Powers Europe (SHAPE) Operational Plan (OPLAN). 


In all these documents is stated that „it is the aim to provide a standard of medical care which is as close as possible to prevailing peacetime standards, and follows the principles of best medical practice, while acknowledging the operational posture and environment.“ A further quote is:


„Patients passing through the medical system must be given care, which is continuous and relevant. Casualties must be managed continually until they reach definitive care. In transit care must be available during medical evacuation and the clinical condition of the individual is the key factor governing the timing, means and destination of the patient’s evacuation.“


This reflects, that in contrary to plans from the cold war aera the focus lies no longer on the relief of the fighting troops from casualties but on the state of the art care for the patients. Having formulated the above mentioned sentences as they stand now, it is provided, that casualties will never fall into a lower stage of medical care during their way through the medical system.


Questioning the responsibility for medical support, MC 326/2 states that „Troop Contributing Nations (TCN) are ultimately responsible for provision of medical support to their forces.“ and „upon transfer of authority, the NATO commander shares this responsibility.“


These statements are however not very helpful should the question of liability been raised.  Medical Support has become a limiting factor for operations. If a NATO commander regards these limitations and, recognising the lack of medical support provided by the TCN, confines his operations to a degree that the overall military goal can not be achieved, who will then be held responsible for the failure of the mission? This question is sadly less hypothetical than it seems.


3.2
Definitions:


Medical Evacuation is defined as „the movement of patients under medical supervision to a Medical Treatment Facility (MTF) and is an integral part of the treatment continuum.“ (AJP 4.10(A)). It has to be noted that NATO medical doctrine does not recognise the term CASEVAC. Any movement of patients after on-scene first aid must be under medical supervision (i.e. A trained medical provider). It is yet obvious, that in a mass casualty event for a limited time these rules will not be applicable.


Forward Air Medevac is defined as the primary transfer of patient(s) to a suitable MTF. As ISAF in Afghanistan is divided into five Regional commands, Forward Air Medevac is coordinated by the Patient Evacuation Coordination Cell (PECC) of the respective Regional Command (RC). 


Tactical Air Medevac is defined as the transfer of a patient(s) by air between MTFs within the Area of Operations (AOO) using medical means. It is coordinated by the PECC in ISAF HQ.


Strategic Air Medevac is defined as the transfer of a patient by air outside the AOO. Strategic Air Medevac is still a national responsibility although in the current OPLAN nations are encouraged to share resources and to cooperate.


4.0
Procedures and Concept:


In ISAF, we are currently using three different reports, depending on: who is reporting and what is the aim of the report. The METHANE Report is used by all troops to report an incident within their chain of command. The so called „nine-liner“ is used to call in Forward Aeromedevac and the Patient Movement Request (PMR) „Lite“ is used for the request for intra theatre (or tactical) patient transport. All three of them and the systematic when to use what have proven worthwhile. 


		METHANE


1. Military details


2. Exact location of the incident


3. Time and type of incident


4. Hazards in the area


5. Approach routes for vehicles and 
 details of RW LZ


6. Number, nationality and type of
 casualties


7. Expected response


 


 

		9 liner


1. Location


2. Call signal and frequency


3. Number of patients/ precedence


4. Special equipment req.


5. Number of patient/ type


6. Security at LZ


7. LZ marking method


8. Patient number/ nationality/ status


9. LZ terrain/ obstacle


 





5.0
Timelines


Currently the timelines, as they are stated in the respective doctrinal documents, have come under discussion.


It has to be noted, that all figures mentioned in the following are planning figures only. The ultimate goal is to get a patient within one hour from the time he has been injured or wounded to primary surgery. Where this is not feasible, Advanced Trauma Life Support (ATLS) should be provided as early as possible and as far forward as possible, but definitely not later than one hour. To reach primary surgery, an extension to four hours is only possible, if the patient had before the chance to undergo Damage Control Surgery (DCS). He should in any case be on a surgeons operating table not later than two hours after wounding. 


In Forward Aeromedical Evacuation quite a big amount of time is eaten up by what can be called „idle time“ that can hardly be shortened. From one hour it leaves only 20 minutes total flying time. A major factor here is the warm up and weapons system check of the escort helicopters. But in the theatre as we face it today, these escorts are absolutely essential.


These figures show you the possible radius of an aeromedevac helicopter in kilometres, assuming an average speed of 100 knots which equals approximately 180 km/h.


40 min flying time equals ca. 2h or 120 km radius 


25 min flying time equals ca. 1h30' or 75 km radius 


10 min flying time equals ca. 1h or 30 km radius 


Here is an outlay where s the spots symbolically mark where IED attacks occurred in the depicted time frame. 


IED Events 01. January 2007 – 30. September 2007
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They show us three things:


Firstly they concern roughly the area of the so called „ring-road“.


Secondly they reflect those areas, where operations have taken place.


Thirdly they show us, which areas should be primarily covered by aeromedevac assets.


For security reasons the following slides are intentionally slightly incorrect. Nevertheless it gives you an impression of the current aeromedevac coverage. However this does not consider altitude restrictions nor differences in the capabilities of the available airframes.


This slide shows the aeromedevac coverage if we allow two hours from time of wounding to a surgeons operating table.


This is the coverage, when we allow only 1 hour and 30 minutes from the time of wounding to a surgeons table whilst
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This slide shows, where we currently are, when we would only allow one hour from time of wounding to the hospital. It also explains why it is currently just not feasible to cover all areas of interests, even if we could enhance the number of helicopters and medical treatment facilities significantly.


6.0
Limitations


Most readers will be aware of the current restrictions on Aeromedical Evacuation in ISAF as they are quite self explanatory. A specific item here are national caveats that are sometimes hindering COM ISAF to make use of all available airframes according to his operational and tactical planning.


As Afghan mountains reach up to 23.000 ft and the lowest point in the south of Afghanistan is still above 1.800 ft it is obvious that especially with the hot climate in summer many helicopters very quickly reach their limitations. Only powerful engines can master these challenges.


And just as an example: This is the snow coverage at Christmas 2006. As you can see, this is really an austere environment. Therefore I have listed here some of the specifications that an ideal airframe for aeromedevac purposes should have:


· Available on demand 24/7 (night!).


· Airborne (NTM):


· 30 min in day (is 15 for most RC in ISAF) 


· 60 min in night (is 120 in some RC in ISAF)


· Able to operate at high altitudes. 


· Capable of transportation of min 2 patients to MTF with specialist Aeromedical Evacuation capabilities.


· Capable of conducting operations in mountainous and desert terrain in AOO summer and winter. 


· Has sufficient engineering and aircrew resources and is equipped with self-defence systems.


· Capable of operating in zero-illumination conditions.


· Equipped with life support oxygen (up to 10,000 ft of altitude desirable, above 10,000 ft mandatory). 


The variability of available assets as well as the different configurations and even concepts of operations make it necessary to speak whenever possible rather about capabilities than about aircrafts or helicopters. 


But there are more challenges to face of which Medical Command and Control is not the least.


7.0
Command & Control (C2)
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This slide depicts the current medical chain of command on top of which off course you find the Allied Command Operations, better known as SHAPE. In each regional command you find a medical staff and a Patient Evacuation and Coordination Cell. However the composition of the medical staff or better the so called „Crisis Establishment“ varies from lead nation to lead nation, from regional command to regional command. In RC West the function of the Medical Director is currently manned by the hospital. There is also no 24/7 permanent medical coverage for the Patient Evacuation Coordination Cell (PECC).


7.1
Patient Evacuation Coordination Cell (PECC)


A PECC should always be co-located to or integrated into to the CJOC, because all medical planning and operations need to be integrated into the ongoing military operation and require therefore a full situational awareness in order to achieve the huge variety of tasks.


The factors to be considered by the dispatcher, that are influencing his planning for the use of aeromedevac can be divided into two groups: The non-medical and the medical planning factors. Here I have listed some of the non-medical and medical planning factors that he has to consider and that determine his need for tactical situational awareness.


		Non medical

		Medical



		Distance


Terrain


Weather


Illumination


Enemy action


Helicopter NTM


Refuelling availability


Crew Rest


Asset availability


Own Artillery/AD




		Patient’s condition


Specialist availability


Medical equipment availability


Hospital capacity


Hospital capabilities





The medical planning factors explain, why medical personnel is indispensable in a Patient Evacuation Coordination Cell. The dispatcher needs to ask the right questions in order to use the available medical assets in a comprehensive manner.


8.0 Development


We should remember, that it was until 2004 that ISAF was primarily restricted to KABUL and its surroundings. Since then the own situation has changed dramatically as we have seen a huge surge of troops and a change of operations from monitoring to a more active role. We can cut it short by stating: the more closely you look, the more trouble you find.


NATO is now between Phase 3 and Phase 4 of its plan for development. We hope, that Region Capitol can be handed over to the Afghan authorities very soon. However, it is known that the transition in other regions is unlikely to be achieved in the nearer future


Talking about a surge of troops, this means for the medical community more possible clients and for the medical planners quite a challenge. As the military threat is perceived bigger in RC South and RC East, these were the regions where the major development could be observed. Currently the population at risk mounts up to 60.000.


Bearing this in mind, we can be very happy and as a medical community also a bit proud, that despite a higher tempo and intensity of operations the number for the “Killed in Action” (KIA) has relatively decreased whilst the figures for the “Wounded in Action” have increased. This shows us, that the medical treatment and not at least the medical evacuation has significantly improved. Ongoing detailed studies are already now supporting this thesis.
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9.0
Performance


This can not be analysed without regarding who the patients are that we are talking about. In the current OPLAN from JFC Brunssum the Medical Annex shows a matrix of Medical Rules of Eligibility. Of course, every nation adds its personal view to it, which makes things sometimes a bit complicated. Most nations have by now accepted, that we are fighting alongside with our Afghan partners and are therefore regarding the Afghan National Security Forces as Coalition Partners.


This is the currently applicable matrix. The LN stands for Local Nationals. Here we have to differentiate, whether they have been injured by own forces or by opposing forces. LLE stands for „Life, Limb and Eyesight“ whilst HA stands for Humanitarian Aid.


On aeromedevac flights the vast majority of patients are ISAF casualties, followed by ANSF.


Meanwhile more than 3200 patients have been flown in over 2063 missions, of which 30% were cases of the highest urgency. More than half of the patients were rated as casualties that need to see a surgeon latest after two hours of wounding.


When 2007 still 12 percent of all flights were outside the two our timeline, we were able to reduce that figure to 7 percent in 2008 by improving mainly command and control but also by employing more airframes.
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10.0
Room for Improvement


Nations must be encouraged to fill the current commonly agreed Combined Joint Statement of Requirement (CJSOR).


Secondly we would all benefit if national caveats could be removed for the sake of the common humanitarian thought. It is difficult to follow the logic why an aircraft for tactical aeromedevac may cross the regional boundaries whilst a helicopter may not. And it is not very helpful if the respective CJOC has to call to the home MOD to get approval for a medevac flight.


Thirdly some of the existing Medical Treatment Facilities need to be enhanced and their sustainability needs to be strengthened. More Forward Operating Bases are needed for further operations.


COM ISAF needs to be given more flexibility by the troop contributing nations on how to use the existing assets and in order to support shorter operations in remote areas, we need to bring some surgical capability forward. There have been encouraging national examples in the past. 


As it has been proven in NRF as well as in past operations, the medical service could profit from a robust multinational medical task force, including a medical theatre reserve.


Looking further into the future, the model of AWACS could possibly serve for a Joint Strategic Aeromedical Evacuation Agency, may be even with an own fleet of aircrafts.


It is also imaginable that Rotary Wing Aeromedical Assets could become eligible for common funding, provided that a sufficient degree of standardisation for medical equipment and training of the necessary personnel could be achieved.


We have not yet succeeded to convince all participating nations of the need for a PECC that is under medical lead; and finally one should strive for a standardised education for our PECC personnel, because this is one of the most challenging and demanding posts we have to offer. This personnel must have a profound military and tactical knowledge, as well as exceptional skills in rescue and emergency medicine in order to employ the scarce medevac assets to the greatest benefit of our patients.


And there is one more lesson, that we are currently about to learn:


ATLS can still be enhanced, when it is applied and eventually modified by experienced emergency physicians. This model has been practiced in Germany


The medevac configuration of the German Sikorski helicopter CH 53 may serve here as an example. But luckily the casualty rate in the past has been so low, that not sufficient data could be gathered to provide evidence of the benefit for the patients in comparison to a system based on skilled paramedics. The current system is still based on the principle: „stay and play“ as the patient should be stabilised before he is loaded into the helicopter.


Our British colleagues have now recently introduced a comparable system that they call the MERT-E, which stands for Medical Emergency Response Team – Enhanced. Sadly they have been confronted with significant numbers of patients and were therefore able to provide valid data. The principle, according to which they act can be described as „scoop and play“.


One of the CH 47 helicopters at Camp Bastion is always equipped for the role as dedicated Aeromedical asset. Whilst the emergency physicians do a lot of excellent work on board of this helicopters it has to be noted, that MERT-E is not meant to be a surgical platform.


1222 MERT report forms have been analysed to determine what interventions were done prior to MERT arriving and what were done on MERT. It demonstrates that in comparison to skills at Role 1, MERT-E is highly interventional.


First evaluations of the data indicate that the rate of unexpected survivors has risen since the introduction of that system. 


11.0
Lines to take


Quality control for Aeromedevac is established but can still be improved.


Results could be significantly improved since 2007.


The risk for our soldiers in ISAF is currently increasing.


CASEVAC is for the type of battle that we are facing nowadays not an option.


A good medical care is in joint and combined interest and therefore more joint and combined solutions to current challenges should be sought.


As there is no alternative to aeromedevac particularly the economy of scale should lead to combined solutions.


Standardisation is paramount and in everyone’s interest. 
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Abstract

NATO Strategy changed with the end of the cold war. In this context, medical support during operations must correspond to the mobility and flexibility of the units to be supported. Aeromedical Evacuation (AE) is usually the fastest and in many cases the only life-saving mode of transportation in the Evacuation Chain. In the forward area AE rotary wing platforms have long been the normal. Fixed wing platforms are used for Intra- (Tactical) and Inter-(Strategic) AE in correspondence to STANAG 3204. Its importance is driven by factors, which include adequate trauma care, the distance from home country to the mission area, the dispersed nature of NATO forces in the Area of Operations, the lack of useful host nation support, austere environment and the lethality of modern weapons. The factors above have triggered an increase in the movement of less stable casualties over long distances. 


Therefore sufficient and qualified AE capacities as well as trained and experienced medical personnel   at and between all levels of medical care are a prerequisite for the fast, competent and, if indicated, intensively medically monitored transportation of critically sick or wounded patients to treatment facilities that provide definitive and final specific casualty and medical care (rehabilitation).


Today, air rescue and AE constitute an indispensable integral part of modern medical support.


1. History


The history of aeromedical evacuation (AE) is short and closely associated with the beginning of manned aviation. Its origins are credited to the Dutch medical officer De Mooy who, in about 1910, was the first to conceptualize the air transport of wounded patients and to describe the interaction of road, rail and air transport. Air transport of wounded patients in hot-air balloons, frequently mentioned in the context of the Franco-Prussian War, however, must be considered a military anecdote, as there is no historical evidence for it.


First documented evidence for the routine employment of aircraft for the transport of wounded patients exists for the First World War when France established an aircraft ambulance organization. During the Spanish Civil War (1936 – 1938), the air transport of wounded patients to Germany was conducted on a larger scale. By time of the Second Word War, organized air transport of wounded patients had been established in the military. The US-Army Air Corps for instance had evacuated 1.25 million patients by aircraft and with limited in-flight care (flight nurses) by 1945. While approximately 4% of the wounded were dead by the time they arrived for the first emergency surgical treatment during the Second World War, this percentage could be reduced to 1% during the Vietnam War when the introduction of helicopters for air rescue missions was brought to bear on a large scale.


The operational need for a qualified AE system can also be inferred from the example of operation Desert Storm where approximately 30,000 allied soldiers were evacuated from the operational theatre for reasons of health. During the IFOR/SFOR mission, the German Air Force conducted 211 evacuation flights from 01 January 1996 to 31 December 1998.


From 2003 to August 2006 the US Air Force has moved a total of 37,000 patients through Europe from Southwest Asia via airevac. Approximately 6800 of those were battle injuries of which up to 500 were treated by CCATT´s. In flight critical care has enabled movement of trauma patients over long distances to reach definitive care within hours of injury.


2. Operational Requirements

NATO strategy changed with the end of the Cold War. The integration of crisis reaction forces in the new military strategy of NATO, that is determined by the basic characteristics ”concentration of forces”, ”flexibility”, ”global mobility” and ”multinationality”, requires an efficient medical service. In addition to the conduct of national sovereign tasks, it must have the capability for international cooperation in the sense of interoperability (standardization).


In this context, the military requirement is that the mobility and flexibility of medical support during operations must correspond to the mobility and flexibility of the units to be supported. Thus the transport of wounded and sick patients receives a new status as far as quality and quantity are concerned. The responsiveness of the medical service and especially of an efficient AE system must be adjusted to the responsiveness of NATO Reaction Forces and to that of the forces employed for rescue and evacuation operations and must be available for ad-hoc operations within the scope of disaster and emergency relief if required. An efficient air transport system for wounded patients is definitely required operationally for sustained operations to establish sustainability and to cope with periods of peak requirements.
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 NATO STANAG 2228 (23) attaches importance to medical support as close as possible to national 


 peacetime standards.  In addition, the technical guideline of the Surgeon General of the Bundeswehr dated 27 September 1995 set forth the following maxim for the medical support of Bundeswehr servicemen abroad (quote):


”The maxim of task accomplishment in the medical service is that the soldiers in the event of an illness, accident or injury shall receive medical care, that, as far as the result is concerned, corresponds to the medical standard in Germany.”


This must certainly also apply to the medical evacuation chain.


At NATO level, AE and medical air transport in the forward area are established in STANAG 3204 and STANAG 2087. This impressively underlines the status of qualified aeromedical evacuation within NATO (22).


In addition to the AE requirements based on operational reasons, the „Evacuation Policy“ determined by the military command increases the extent of AE. This policy establishes the maximum period of a soldier’s unfitness for service in the operational theater. If, according to medical prognosis, this period will be exceeded, the soldier is to be evacuated as soon as this is possible and can be justified from a medical point of view (1,2,3,4).


3. Medical Requirements


3.1 General/Aeromedical Aspects


Aeromedical evacuation is usually the fastest and in many cases the only live saving mode of transportation. It is conducted in the knowledge that the immediate clinical care for acute conditions will decisively improve the patient’s prognosis on mortality, invalidity and the development of posttraumatic stress conditions. In view of this, the modular medical facilities in the operational theater are indispensable assets of the qualitative and scalable medical support that must be complemented at all levels by aircraft that are properly equipped and assigned to air transportation forces. Upon conduct of appropriately thorough preparations there should be no absolute contra-indication against an AE, given sufficient personnel and material. Qualified aeromedical evacuation of wounded and sick patients can only be conducted as efficiently as possible if the medico-technical requirements are met and the accompanying medical personnel is appropriately trained. Basic knowledge of aeronautics, aviation medicine and flight physiology must be demonstrated in addition to the clinico-technical expertise in emergency and intensive medicine.


The accompanying medical personnel should belong to the aircrew and be subject to the appropriate airworthiness criteria. The immense logistic and financial effort required can only be justified if the in-flight medical care meets the standard of the personal medical care provided at home.


In this context, however, the physiological factors that influence air transportation are of particular aeromedical importance.


Physiological Factors Affecting Air Transportation


· Reduced Atmospheric Pressure


· Decreased Oxygen Tension


· Dehydration


· Motion Sickness


· Fatigue and Inactivity


· Psycho-physiological Effects


3.2 Flight Surgeons in the AE-chain


Physicians and in particular the flight surgeons play an essential role in aeromedical evacuation (AE). Incomplete or insufficient preparation for AE can result in patient discomfort, and in a worst case scenario, potentially serious or insurmountable in-flight medical problems (13). 


To carry out a successful AE mission, physicians are responsible for processes.


· AE rescuing, including determination of appropriate classification, procedure and special medical requirements 


· Validation (i.e. patients medical condition, location of appropriate medical treatment, facilities, available AE assets, AE policy


· Medical preparation to minimize risk of medical decompensation and patient discomfort in the AE environment


· Clearance, i.e. confirmation through flight surgeons that AE rescuing and medical preparation for all conditions is done and that the patient’s condition has had significally worsened.


Physicians´ role in the AE–system has broadened and become progressively more crucial with the shift from moving stabilized patients (rather than stabile) must ensure that airways are assured, fractures stabilized, all haemorrhage is controlled including damage control surgery measures and fluid resuscitation has successfully begun.


3.3 Types of AE


· FORWARD AE


Normally helicopter and the V/STOL Aircraft will be used for forward medical evacuation. Patients will be frequently untreated inadequately stabilized prior to area. Forward aeromedical evacuation describes the phase of evacuation, which provides airlift for patients between points within the battlefield to the initial point of treatment and to subsequent points of treatment within the combat zone.


· TACTICAL AE (Intra-theatre aeromedical evacuation)


Describes the phase of evacuation, which provides airlift for patients from the combat zone to points outside the combat zone and between points within the communication zone.


· STRATEGIC AE (Inter-theatre aereomedical evacuation)


Describes the phase of evacuation, which provides airlift for patients from overseas areas or from theatres of activity operations, to the home base, to other NATO countries or to temporary safe area.


4. Medical Air Transport In The Forward Area


4.1 The Challenge


In all imaginable situations going along with medical emergencies, time is the crucial determinant, which can make the difference between life and death.


In medicine it is a well-proved axiom that one can influence and improve the prognosis of casualties once qualified medical support has been initiated (18). To shorten the interval for wounded soldiers or patients in lack of adequate therapy, emergency medicine seeked the advantages of helicopters to provide medical care at the earliest possible time and to guarantee a very effective and rapid response to life-threatening situations (22).


Air rescue medicine has developed extensively over the past 60 years and is still changing. The increasing engineering progress in aviation and the current state-of-the-art medical equipment opened the way for helicopters and fixed wing aircraft to perform as modern, highly mobile intensive care centres (14).


Therefore, professional expertise and procedures are mandatory to understand and carry out critical care interventions in the Air Medical Transport (AMT) environment.  


Experienced and well-trained personnel and the optimized preparation of the patient before take-off ensure effective medical care in flight even over long distances (10, 24).


4.2 Medical Principles


Aeromedical rescue/evacuation is defined as the movement of casualties by air transportation under medical supervision to and between medical treatment facilities.


The special tasks for Air Rescue / Ambulance Helicopters are as follows:


· fast and direct transport of medical specialists and equipment to the disaster site


· direct and careful transport of emergency patients to more distant specialized hospitals with maximum individual care


· carrying out urgent secondary AMT of intensive care patients (IC patients) between hospitals


· SAR missions (ICAO, IMO)


· Combat Search And Rescue (CSAR)


· The decision to evacuate a patient by air necessitates experienced aeromedical judgement after adequate examination and best-available therapy; the thorough assessment of the medical benefits for the patient versus the hazards, which might occur in the air.


· On the other hand, there are no absolute medical contra-indications for AMT. Accepting only stable patients is not a golden rule, because stabilization on the emergency site is not always practicable (stabilized versus stable patients).


4.3 Primary Air Medical Transport (air rescue)

The rapid and direct air transport of medical specialists and equipment to the disaster site and the direct and careful medically monitored transport of stabilized patients to further specialized medical care can be defined as primary AMT.


The medical indication for rapid AMT often results in using different types of trauma scores (NACA Index; Glasgow Coma Scale; Trauma Score (TS); Injury Severity Score (ISS); APACHE-II; RAPS, TISS).However, the indication to move emergency patients by air is given in polytraumatic patients with:


· severe fractures


· spine injuries (paraplegia)


· thorax trauma (instability, respiratory insufficiency)


· open injuries of different body regions


· skull fractures (cranio-cerebral trauma - CCT)


· extreme loss of blood


In the field of Internal Medicine, the fol​lowing diagnosis can be considered for primary AMT:


· MCI (cardiogenic shock; cardiac rhythm disturbances)


· pulmonary embolism


· acute cardiac insufficiency


· respiratory insufficiency 


· bleedings


· comas (metabolism) 


· intoxications


The early intubation in the preclinical polytrauma management is an essential measure for patient stabilisation. 


		Table 1: Indication for early intubation in preclinical polytrauma management (25)



		traumatic resuscitation and persistent hypovolemic (hemorrhagic) shock


unconsciousness with severe CCT 


acute obstruction of the upper airways


sustained respiratory insufficiency


polytraumatic patients (danger of MOF)


thorax trauma


trauma combination


pattern of injury 


polytraumatic score (NACA, Glasgow)





4.4 Secondary Air Medical Transport (Inter-Facility Transfer)

Secondary AMT may become necessary in the case of serious illness and/or injuries after stabilization, but also if complications develop that cannot be dealt with in hospitals and which require further treatment by specialized medical centers (7).


Those helicopters in use carry medical equipment for complete invasive and non-invasive monitoring, artificial respiration using all possible ventilation patterns, and facilities for electric therapy and pharmacotherapy (5,8).


Due to field related specialization of medical centers in our nations, the aeromedical Inter-Facility Transfer of critically ill and/or injured patients over long distances has gained more and more importance (27).


4.5 Search and Rescue

Challenges and difficulties concerning the primary AMT management of emergency patients in mountainous or maritime locations are often caused by delayed and insufficient alert, exposing the casualties to the cold and extremely hazardous environment. 


Only by helicopter, effective preclinical treatment is available. Patient rescue is more than often carried out by hoist manoeuvres in adverse weather operations and under extreme psycho-physiologi​cal workload (8; 15; 20; 21).


International organizations (ICAO, IMO etc.) have been formed to standardize SAR operations requiring international cooperation. The member nations provide internationally agreed comprehensive standards, practices and procedures for SAR within their territory over land and sea. Helicopters are effective tools because of their low speed and hovering capability. They are usually equipped with a hoisting device for rescue and delivery operations.


4.6 Combat Search and Rescue (CSAR)

Rescuing isolated personnel from hostile territory has always been a dangerous task


The clinical doctrines of traditional Combat Search and Rescue (CSAR) are currently under review.


Old paradigms about combat rescue operations only take place behind enemy lines have been overtaken by the requirement to recover isolated personnel on asymmetric battlefield, which have no fixed frontlines. A lot of effort is currently under way to harmonize doctrines, procedures and equipment interoperability. Personnel recovery does not replace CSAR. It is different and it is an aggregation of a lot of things: it brings together CSAR, non-combatant arrested recovery, prisoner-of-war/missing-in-action activity, development and evaluation of new technology.


Situational superiority is a key requirement for successful combat rescue operations. (17)


5. Safety aspects


Air medical rotor-wing aircraft have an alarming history of accidents, which result in morbidity and mortality all over the world.


In 1986, 14 emergency medical service helicopter crashes occurred, destroying or substantially damaging 9 % of the US air medical helicopter fleet (11). 


During air rescue missions, 10 German military SAR helicopters crashed between 1989 and 1995, causing eight fatalities and 18 injured (16).


It is an undoubted fact that flying of air rescue helicopters includes a series of possible stressors, both physical and psycho mental, and requires a lot of skills and experience from the total aircrew team performance (9).


On the other hand, safety issues in aeromedevac equipment get more and more into focus. Electromagnetic interference (EMI) and electromagnetic susceptibility (EMS) of medical equipment used on board must be evaluated to avoid effects on engine control, communications and navigation of the aircraft and on the mode of operation of the equipment itself. Other safety issues to take into account for specialized aeromedical equipment include susceptibility to G- forces, rapid deceleration and acceleration.


The same is true for the influence of human factors, vibrations, altitude and electric safety on the mode of operation of the medical instruments. All of those have an effect on the safety of the patient, the flight platform and crew.


Therefore, the establishment of internationally agreed definitions of both technical and medical standards, with particular consideration being given to the concept of „safety first“, is mandatory (8).


6. C 4 ISR


The medical C 4 ISR rescue organization must be capable of planning, executing, controlling, supporting and auditing the full spectrum of aeromedical support functions.


It must be capable of providing and ensuring a seamless system of control of treatment, evacuation and transfer of information, including patient documentation throughout the evacuation chain to definitive treatment. This improves productivity and guarantees better management of operation’s cost and quality of care.


Telemedicine, once the technology is fully developed, will have an enormous impact on helicopter AMT operations by strengthening the AMT crew’s future ability to provide the right level of rescue and care to a patient. Helicopters can thus be diverted to more deserving or urgent cases, making operations more cost effective and reducing asset redundancy (26) from the initial point of injury or sickness.


7. Tactical/Strategical Aeromedical Evacuation


7.1 General Aspects:


This is the domain of relieving aeromedical evacuation by means of which patients submitted to medical (intensive medical) monitoring are transported to receiving medical facilities outside the operational theater in the event of deployments or when local capacities are exceeded.


Especially in the tactical and strategic area, the operational concept described above results in an extended operational spectrum for AE, which impressively demonstrates the necessity of in-flight intensive medical monitoring.


· Within the scope of the preparation of operations and during the build-up of medical facilities in the operational theatre, an efficient AE system for the qualified medical support of the soldiers deployed is to be established before the modular medical facilities are put into operation.


· Military missions to be conducted without a sufficient preparation period for the medical service require a highly responsive medical support system that also meets emergency/intensive medical requirements. Well-trained specialist personnel and medical equipment are transported to the operational theatre immediately and ensure a qualified evacuation of patients.


· Analogous considerations for crisis reaction operations in different operational theatres produced similar results.


· A sufficient AE capacity providing intensive medical monitoring and the additional option of intensive medical treatment is a prerequisite for the provision of aid within the scope of humanitarian missions and also of other non-article 5 missions (civil-military cooperation) during a large scale damage event where the medical infrastructure is insufficient. 


7.2 Medical Aspects


In view of the maxim of medical support during operations abroad, various traumata/posttraumatic conditions require a fast aeromedical evacuation from Role 3 to Role 4 for definite treatment and for the relief of the modular medical facilities (maintenance of personal medical care).


These include:


· Severely burnt patients, who can be evacuated to special clinics with comparatively little effort duringthe first 24 hours after incurring the burn and subsequent to first clinical treatment to ensure the provision of an adequate therapy (transplantation surgery, dialysis, intensive medical care).


· Polytraumatised patients with or without burns and an imminent posttraumatic, dialysis-requiring renalfailure with the consecutive failure of several organs must be evacuated to medical facilities capable of providing dialysis, after emergency surgical treatment


· Neurologically traumatised patients, who, after the necessary neurosurgical treatment, must be evacuated to an appropriate level C medical facility for further care and rehabilitation (apallic syndrome, tetraplegia).


   Toxicological diseases of patients exposed to chemical warfare agents indicate long-term respiration, especially in the event of inhalation traumata, which requires the evacuation from the operational theater to relieve local medical capacities (19). 


In order to meet these requirements, fixed wing aircrafts have to be modified and equipped with state-of-the-art medical equipment. Germany is using the German Air Force Airbus A 310 as dedicated aircraft for strategic aeromedical evacuation, while the USAF is flying the C 17.  


With the conversion of the Airbus A 310 to a freight configuration with a large freight door is it now possible to configure this aircraft for large-scale strategic aeromedical evacuation missions.


The AE A 310-300 medical conversion kits for the A 310 aircraft are currently in service to ensure long range transport of a minimum of 250 patients a day. (24)


The conversion kits have a modular configuration. Allowing the implementation of various configurations, a maximum of 38 stretchers, 48 seats and 6 intensive care stations can be installed.


The intensive care units (patient transport units) have been designed to the most advanced aspects of medical engineering. They are compatible with civil aircraft types and can be employed globally. The conversion kit also includes a laboratory unit. The provision of a telemedical terminal is planned.


A total of 4 sets, containing 54 stretchers, that can be refitted with up to 6 intensive care stations are to be procured.
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Fig. 2: Airbus A 310






Fig. 3: Airbus A310 inside




Fig. 4: Patient transport unit

8. Experiences: 


8.1 USAF Approach


In the US Air Force Critical Care Air Transport Teams (CCATT´s) augmenting aeromedical evacuation crews are responsible for transporting critically ill/injured patients to medical centres. A CCATT typically consists of a critical care physician (surgeon, anaesthesiologist, emergency physician or pulmonologist), a critical care nurse and a cardiopulmonary technician. The CCATT´s must be able to transport up to six unventilated (up to three ventilated) patients for 10-12 hours by air, using various aircraft including the C-17 Globemaster III and  C-130 Hercules (6,12,13, Col Dr. Mark Ediger, HQ USAFE/ SG Command Surgeon, personal communication, ). 
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Fig . 5:  C 17


The CCATT´s are contributing factor to the highest survival rate of combat-wounded service members in any U.S. military conflict. During the first Gulf War, 22 percent of injured soldiers would die, but now that statistic has come down to 10 percent.


For CCATT´s, there is a pressing need for portable, accurate equipment (both non-invasive and invasive), which has to be compatible with aircraft systems and capable of running for long periods on battery power. Prominent among that equipment are physiologic monitoring systems, which measure parameters like central venous pressure, intra-cranial pressures, arterial blood pressure, oxygen saturation, blood gases and hemoglobin levels (28)


Currently the development to close the loop on critical care life support for military “En Route”- care is nearly completed. 


The Automated Critical Care Life Support (ACCLS) will provide automation of life support functions: (i.e. computer-driven closed loop control of ventilation, fluid, drug and oxygen administration, PEARCE) (29, 30)


Stabilize and evacuate means:


· Controlled airway


· Adequate ventilation and oxygenation


· Hemorrhage stopped


· Life and limb saving measures


· Fractures immobilized


8.2 The Tsunami Seaquake Disaster (German Response)

At 0059 UTC on 26 December 2004, a magnitude 9.3 earthquake ripped apart the seafloor off the coast of northwest Sumatra.


It unleashed a devastating tsunami that traveled thousands of kilometers across the 


Indian Ocean, killed, injured or impoverished hundreds of thousands of people in countries as far apart as Aceh (Indonesia), Sri Lanka, Thailand, India and Somalia.


The first press releases reported about 100 victims. Nevertheless, the Central Medical Service


and the German Air Force were tasked to plan for a humanitarian relief mission, knowing that especially in Thailand and in Sri Lanka a significant number of tourists could have been hit by the disaster. 


The German military mission was two-fold:


Three STRATAIRMEDEVAC missions with GAF Airbus A 310 


    (2 x Phuket, 1 x Bangkok) were carried out (29 Dec 2004 – 04 Jan 2005).


    A total of 133 patients from 8 nations were flown, which were:


    - 11        intubated intensive care patients


    - 17        non-intubated intensive care patients


    - 14        polytrauma  litter patients


    - 71        severely/moderately/slightly injured litter kit patients


    - 20        sitting patients


The mission documented an outstanding, completely unproblematic and


success-oriented civil-military cooperation in the mission country as well as


in the home country after return.


The sustainability of the German AirMedEvac system in handling effectively a large-scale


 inflow of patients was proved. (24)


9. Outlook


Sufficient and qualified AE capacities at and between all levels of medical care are a prerequisite for the fast, competent and, if indicated, intensively medically monitored transportation of critically sick and/or wounded patients to facilities that provide final specific personal medical care/rehabilitation.


To this end, the structural and procedural prerequisites (command, control, communication, computer, information = C 4 ISR) must be given highest priority, to control and coordinate the flow and transfer of patients. The command and control organization, procedures and assets must be such, that they can meet the requirements of all possible AE related employment options for various scenarios, including joint operations, under multinational or national operational command and control.


This requires:


( qualified and trained designated evacuation units


( centralized command, control and communication (C 3)


( standardized international procedures


( standardized compatible medical equipment


( all-weather capable aircraft with day/night capability and worldwide communication capability 


( appropriate conversion sets for intensive medical monitoring


( civil-military cooperation (NATO CAPC).


During multinational operations within the scope of NATO, UN or the EU the resources available must be used in a responsible and intelligent way. Customary national routines sometimes undermine this objective. The qualified aeromedical evacuation of wounded and sick patients is to be adapted to the requirements of a competently adjusted medical support with specialist expertise, creativity and innovation in its future task spectrum.


10. Summary


The combination of a coordinated medical care system for wounded personnel at the medical facilities of Role 1 to Role 4 and qualified short-, medium- and long-range aeromedical evacuation forms the basis required to meet the requirements resulting from the flexibility and mobility of the units to be supported. A functional AE system is a decisive factor in the provision of fast and qualitatively adjusted medical support between and within all levels of medical care. This increases the morale of the forces and ensures wide acceptance of the medical service.


This means:


· Critical care in aeromedical evacuation is driving fundamental changes in deployed medical support and improvements in care to battle injuries.


· Moving trauma patients over long distances early requires anticipation of evolving clinical sequelae and early intervention.


· Flight surgeons play an essential role in sound decisions about moving individual trauma patients


· Communications between those along the continuum of care essential to learning and improving.


In addition to medicine for the third dimension, medicine now also enters the third dimension.
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Introduction 


Air transportation of sick and injured patients is commonly employed in military and civilian medical care systems. Civilian "life-flight" operations have contributed greatly to improving survivability of serious injury and military evacuations have done no less in combat operations during the last wars. A thorough knowledge of aeromedical evacuation is essential for flight surgeons. 


In the militray situation after combat injuries may come up blunt headinjury with brain contusion, intracranial hemorhagge as epi-, subdural and intracerebral hematoma and especially penetrating gunshot and other open injuries from improvised explosive devices (IED). There is still a discussion to decompress acute contusional brain swelling by a decompressive craniectomy done in Iraq war as emergency surgery. Usuall these patients have a low chance with all agressive treatment for a good live quality aftewards. Therefore it is often better to operate a penetrating head injury from fragments or gunshot wounds after the transport in a home hospital with best treatment facillities as old experience from Tönnis shows. The usual stable patients with Glasgow Coma Scale better 8 have a good chance for life quality survival although the surgical treatment has been done only within several days. 


The progressive epi- and subdural hematomas usually needs urgent surgical treatment, which has to be done by damage controll surgery. The long postoperative course and usual no quick further operational capability of the wounded soldier after all these injuries made an evacuation from the combat area necessary. 


From common sence the primary damaged brain tissue is irreversible disturbed. Especially Hypoxia, mechanical alterations, hemorrage and lowered circulation may cause additional secondary damage which is to prevent for a good outcome of head injured patients. So it is to discuss if special problems are related to the situation in planes during air evacuation transport and how further problems are to prevent in head injured patients. 


General problems of air evacuation transport


First we have to differentiate between the helicopter and fixed wing transport. In both we have the problem of the lowered air pressure with fly altitude. Usually the helicopter fly lower and has no pressure regulated cabin, the plane has a regulated cabin pressure at 2000 m and flies much higher.


Especially in the helicopter are a lot of vibrations acting on the material and the patient. Both brings up unusual acceleration to the patient body, although the influence of power on the patients body is less in comparison with long distance transports on bad roads.


The possible physiologic effects are:



•
Hypoxia



•
Dysbarism



•
Humidity



•
Acceleration



•
Vibration



•
Noise



•
Cold



•
Third-spacing


The problem of hypoxia ist he most important cause for increasing brain edema in head injured patients. Therefore it should be possible to exclude this by airway management (intubation of unconscious patients) and the modern respirator systems with additional regulated oxgenation usually are installed and be used in patients with head injuries. The combination of a pulmonary lesion and brain edema as from blast injuries of IED´s may limit the chance of these patients.


A hyperventilation with reduced pCO2 is not accepted today (AWMF Procedures + Muizelaar et al), although it reduces the intracranial pressure (ICP). The hyperventilation follows a reduced cerebral circulation this will cause additional cerebral damage.


Usually there are no accepted drug preventing brain edema or reducing. Osmodiuretica reduce the intracranial pressure for a short time by volume reduction of the healty brain tissue. They all cause a rebound with increased brain swelling shortly afterwords. Therefore it is only a method to gain time to reach a surgical procedure. Good positioning of the patient with elevated head at 30° and in straigt midline position together with low intrabdominal pressure and good oxigenation ist he best you can do for the prevention of secondary brain lazeration by edema. 


The gases present within the body tend to expand in accordance with Boyle's Law. The enlargement of trapped air inside of the body in case of dysbarism by lowered air pressure depending on flight level may elevate the intracranial pressure by a depressed venous drainage from intraabdominal air expansion. 


Often in penetrating cranial injuries is intracranial entrapped air as a simple pneumocephalus (Pic 1). After all cranial operation may stay usually air inside of the closed skull as the picure 2 shows. 
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Pic 1:  Entrapped air in the ventricle after penetrating transfacial frontobasal gunshot injury
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Pic 2: Postoperative typical free subdural air after evacuation of a bilateral subdural hematoma


This may enlarge and cause a new space occupation, which may not clinical early obvious in anesthezised patients. A really tension pneumocephalus is a rare situation and usually not coming up after intubation and artificial respiration. 


The expansion of 1 liter at sea level is to 1.5 liter at 3000 meters. In case of cabin pressure loss this expansion at 9600 meters is to 3 liters. Therfore usually this will be compensated if the air volume is not to large and the intracranial pressure situation is normal or low as the actual experience of Donovan et al shows. Although this problem is well known and part of all instructions fort he air evacuation procedures of the forces. If there ist entrapped air in the skull you have to have a high cabin pressure or a low flight level. From this experience  may come the instruction of the World War II regulation (Tönnis)  that you have to wait a week after brain operations or better transport the patient with penetrating wounds before the operation in specialized neurosurgical units as they most have done.   


The relative humidity at altitude is reduced in both pressurized and unpressurized aircraft. The reduced humidity seems to be not a general problem for neurosurgical patients because they always have a better situation of brain edema in case of reduced fluid supply. Dehydration may represent a risk to the unconscious in marginally hydrated patient. Patients with tracheostomies or those who must breath through their mouths may require humidified air or oxygen to prevent drying of respiratory secretions.


The acceleration during take off and landing may produce blood pooling, therefore it is a comon opinion  to putt he head first to prevent a blood flow to the brain. This is contrary to hypovolaemic patients. The acceleration forces and vibrations may produce a lot of stress on intracranial vessels as bridging veins from the brain to the skull(Pic.3) in preveously operated patients or patients after decompressive craniotomy. Therefore it is not to exclude but necessary to hold on low level. Subdural hemorrage may bet he result of to much force on this vessels during the transport.




No actual original scientific and experimental literature seems to be on that topic. 


The noise or other en route environmental conditions make routine monitoring and therapeutic procedures extremely difficult. Therefore resuscitation and stabilization of the patient prior to evacuation cannot be overemphasized if the situation permits.


The body temperature of the unconscious patient may be a problem and has to be stabilzed by modern equipment during the flight because there is a hiher risk of temperature loss.


The lower ambient pressure may cause a leakage of fluid from intra-vascular to extra-vascular space (third spacing) which cause an brain edema, dehydration and following a hypovolaemia with problems of the stable  circulation. This may cause additional brain edema. 


An ultrasound equipment is usual available in the well equiped medevac facilities. Although there is a lack of low frequence probe which can be used for an intracranial information. If the temporal bone of the patient is not to thick you can imagine a contralateral hematoma and the midline shift with a usual cardiac ultrasound probe of 2 MHz (Bogdahn et al). 


Conclusion


Before the transport it is necessary to know if there is free intracranial air. Therfore it seems better to do all surgical treatment what is not vital after the transport. On the other hand the vital neurosurgical problems as epi- and subdural hematomas has to be evacuated before the long distance transport. In other case the cabin pressure has to be high enough. A level of 2000m seems with low risk. An ultrasound probe of 2 MHz may be usefull for the intracranial emergency imaging in anesthesized patients which are not clinical monitored. 


All head injured patients have to be critically monitored the oxygenation and fluid level during the air evacuation transport. to prevent a secondary brain damage by increased edema. 
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 PIc.3 Free excited bridging veins in patients just operated with free intracranial air are stressed by forces from acceleration and vibration during aircraft transport. Rupture may cause a subdural hematoma (small pic) 
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Introduction


La doctrine médico-chirurgicale militaire actuelle repose sur deux piliers : la stabilisation initiale en zone de combat et l’évacuation rapide de la victime vers le territoire national pour traitement définitif.   La stabilisation et la mise en condition pour l’évacuation se déroulent dans des unités médicales légères à moyennes (forward surgical team et combat support hospital), mobiles et proches des zones de combat.  L’évacuation primaire de la victime – noria de relevage – sera souvent assurée par des hélicoptères ou des ambulances blindées.  La situation tactique et l’environnement austère obligeront souvent les soignants à adopter la technique du « scoop and run » hormis les premiers secours (first aid).  Les premiers soins – damage control surgery – seront administrés dans des installations temporaires non hospitalière – au sens habituel du terme – en vue d’une évacuation rapide dans les meilleures conditions, et ce, sur des milliers de kilomètres vu l’éloignement géographique des théâtres opérationnels.  La prise en charge pré-hospitalière dans cette nouvelle doctrine médico-militaire est donc essentielle en terme de réduction de la mortalité et de la morbidité.  


La prise en charge pré-hospitalière des grands brûlés, dont l’évacuation est un chaînon primordial, constitue une des pierres angulaires du succès de leur traitement.  C’est elle qui prévient initialement l’approfondissement d’un deuxième degré en un troisième par des mesures simples et peu onéreuses telles qu’un cooling immédiat à l’eau courante tiède, une réanimation liquidienne et l’administration d’oxygène.  Au cours des 20 dernières années, le centre des brûlés de l’hôpital militaire Reine Astrid a été impliqués directement dans l’évacuation et le traitement des victimes de plusieurs catastrophes liées à des incendies et/ou des explosions (1990 : attentat de l’auditoire de l’université catholqiue de Louvain ; 1995 : incendie du « Switel hotel » à Antwerpen ; 2001 : incendie dans un café à Volendam ; 2002 : accident industriel à Cockerill et en 2004 : l’explosion d’un gazoduc à Ghislenghien à 40 km au sud-ouest de Bruxelles).  Cette dernière catastrophe a généré en quelques minutes 171 victimes dont 55 grands brûlés hospitalisés dans les unités de soins intensifs des 7 centres de brûlés belges et 3 français, 16 modérément brûlés et 100 victimes présentant des brûlures minimes accompagnées ou non d’un traumatisme psychologique aigu.


Lors de chacune de ces catastrophes, les moyens en homme et matériel de la Défense belge ont été intégrés dans les plans catastrophes civiles.  Ils ont joué un rôle déterminant dans le succès de la chaîne médicale d’évacuation des victimes brûlées.  

Lors de la dernière calamité, les moyens en personnel et matériel ont comporté 3 hélicoptères Sea King et deux hélicoptères Agusta A-109.  Les Sea King transportaient chacun une B-Team (burn team).  Cette équipe expérimentée dans les soins aux grands brûlés se composait d’un anesthésiste-réanimateur ou d’un médecin urgentiste, d’un chirurgien, d’une infirmière spécialisées en soins intensifs et soins d’urgence et d’un kinésithérapeute respiratoire.  Ils ont effectué le triage dans un des deux postes médicaux avancés déployés sur place et ont effectué les évacuations primaires d’une vingtaine de grands brûlés par voie héliportée.


Les sept centres de brûlés belges ont tiré les leçons de ces catastrophes et ont émis en 2007 des recommandations pour la prise en charge extrahospitalière et des 72 premières heures intra-hospitalières – hors centre de brûlé - du brûlé grave.  Nous vous livrons ces recommandations car ils nous paraissent répondre aux impératifs de la médecine militaire actuelle.


Résumé des recommandations.


Les premiers secours sont repris en 7 points : arrêt du processus thermique ; « ABC » des fonctions vitales ; cooling à l’eau courante; déshabillage ; protection thermique ; élévation des zones brûlées ; couverture sommaire des brûlures.  


Le premier bilan revêt une importance fondamentale et conditionne le pronostic immédiat de la victime brûlée.  Il doit être comparable en tout point à celui de tout traumatisé afin de n’omettre aucune lésion vitale. Pour  évaluer la surface corporelle brûlée (SCB), nous recommandons la règle des « 9 » de Wallace et la règle du « 1% » égal à la surface de la paume de la main de la victime.  L’estimation de la profondeur se limite en une distinction entre peau saine et peau brûlée.  La mise en condition proprement dite consiste en cinq points : mise en place d’une perfusion et  réanimation liquidienne à l’aide d’une solution saline stérile (lactate de Ringer) et à un débit calculé selon une règle simple applicable à la fois aux adultes et enfants (10 ml/kg/heure si la SCB < 40% ou 20 ml/kg/h si la SCB > 40%); oxygénation maximale des victimes d’incendie d’intérieur et sécurisation des voies aériennes en cas de brûlures profondes de la face, de brûlures circulaires du cou et du thorax ; lutte contre la douleur à l’aide de morphine par voie intraveineuse ; réalisation d’incisions chirurgicales en cas de  brûlures circulaires des extrémités. 


L’évacuation du grand brûlé par hélicoptère nécessite une mise en condition parfaite afin d’éviter tout incident majeur en vol.  Les indications de ce mode de transport reposent sur des impératifs de rapidité et de sécurité.  En situation de catastrophe civile ou militaire, individuelle ou collective, l’hélicoptère joue un rôle prépondérant.  


Enfin, la meilleure façon de se préparer à un afflux massif de brûlés est de préparer un plan spécifique « brûlés » et de le répéter.  Si on ne peut malheureusement éviter la survenue de catastrophe individuelle ou collective, ses recommandations permettront, nous l’espérons, d’améliorer la prise en charge des victimes d’agression thermique.


Recommandations pour la prise en charge extrahospitalière du brûlé grave.


A.  Premiers secours (first aid)


Ils seront réalisés par les témoins de l’accident, les premiers ambulanciers et/ou pompiers arrivés sur place.  L’appel à un numéro d’urgence est le premier maillon de la chaîne des secours.  Les gestes de premiers secours spécifiques sont :


1. Arrêter le processus thermique.  Si les vêtements brûlent, le feu sera éteint en roulant la victime sur le sol ou en l’enveloppant et en l’enserrant dans une couverture ou en aspergeant la victime d’eau (voir cooling). La victime n’est pas aidée si les secouristes se brûlent eux-mêmes les mains ou d’autres parties du corps.  Il est donc important que les manœuvres d’extinction se déroulent sans que les sauveteurs eux-mêmes ne deviennent des victimes. Les vêtements carbonisés et encore chauds voire brûlants agissant comme réservoir de chaleur doivent être enlevés le plus rapidement possible à condition qu’ils n’adhèrent pas aux téguments de la victime.  Si les vêtements sont imprégnés de liquide chaud ou caustique, ils doivent être ôtés le plus rapidement possible car ils sont responsables d’un approfondissement des lésions par effet cataplasme.  Retirer les bagues et alliances avant que l’œdème ne se développe.


2. Contrôler les fonctions vitales ABC (airway, breathing, circulation) et administrer de l’oxygène (geste vital dans les incendies d’intérieur et en cas de choc).


3. Cooling : refroidir le plus rapidement possible par eau froide (20°C) les lésions d’origine thermique pour prévenir l’aggravation des brûlures liée à la persistance de l’onde thermique en profondeur.  Une durée de 15-20 minutes sous l’eau courante à 20°C (de 8° à 25°C) est recommandée en se méfiant du risque d’hypothermie centrale chez le jeune enfant et la personne âgée.  Le rinçage de la brûlure sous le jet d’un robinet, d’une douche voire d’un tuyau d’arrosage est la technique la plus efficace.  Eponger ou utiliser un spray peut aussi être efficace.  L’application de linges mouillés est moins efficace car ils ne sont pas en contact étroit avec toute la zone brûlée et ils se réchauffent rapidement au contact du corps.  Afin de constituer une alternative valable, ils doivent être changés fréquemment.  Chez le brûlé grave, le cooling est réalisé avec prudence (risque élevé d’hypothermie) surtout s’il est inconscient, pendant au moins 5 minutes et est suivi d’un séchage et d’un réchauffement minutieux.  Les pansements avec gels d’eau (Watergel®) peuvent remplacer le refroidissement par l’eau pour les brûlures étendues ou lors du transport.  Cependant, leur application prolongée n’est pas validée et peut exposer à un risque d’hypothermie.  Pour réduire le risque d’hypothermie, il est utile de monter la température ambiante à 30° et de maintenir couvertes les zones non brûlées. La glace ou de l’eau gelée sont contre-indiqués.  Le froid extrême engendre une vasoconstriction, approfondit les lésions tissulaires et accroît le risque d’hypothermie.  Il faut mesurer la température pour pouvoir parler d’hypothermie.  Ce paramètre vital est trop souvent négligé.  Les deux adages « Refroidir puis réchauffer » et « Refroidir la brûlure, réchauffer le brûlé » résument le but ultime du cooling.  Celui-ci doit être réalisé dans les plus brefs délais, il montre une efficacité jusqu’à trois heures après la brûlure et doit, si possible, être réalisé avec de l’eau courante.                                                                                                                     La décontamination des brûlures chimiques par de l’eau tiède doit durer minimum 30 à 60 minutes et il faut veiller à ce que l’eau de rinçage n’entre pas en contact avec la peau saine afin d’éviter une contamination de celle-ci par les produits chimiques, même dilués, car un effet toxique résiduel n’est pas à exclure (phénols). 

                   Pourquoi refroidir les brûlures ?  Les travaux de Sorensen en 1967 et de Davies en 1981                   


                   sur le cooling montrent que celui-ci permet d’extraire la chaleur des tissus brûlés, diminue  


                   la libération d’histamine et de kinines, améliore la microcirculation locale et réduit la 

                   profondeur de la brûlure.  


4. Déshabillage : retrait des vêtements brûlés, surtout si ceux-ci sont imprégnés de liquides chauds ou caustiques responsables de l’approfondissement des lésions par un effet cataplasme et retrait des bagues, bracelets, montres, ceintures, vêtements serrants, pièces métalliques conservant longtemps la chaleur.  Lors de brûlure chimique, il est utile de placer les vêtements contaminés dans un sac plastique afin d’éviter toute contamination accidentelle.


5. Protection contre l’hypothermie : couverture aluminium et autres. 


6. Surélévation des zones brûlées : en prévention des oedèmes et ischémies.


7. Couverture de la brûlure : non traitement de la brûlure en dehors du recouvrement par un linge stérile ou propre ou encore un film alimentaire transparent (plastic cling wrap ou cling film).  A ce stade, la brûlure doit être considérée comme une plaie stérile que l’on doit protéger d’une surinfection.  Ne pas perdre de temps dans la réalisation de pansements sophistiqués et coûteux ou à base d’antibiotiques qui seront de toute façon défaits lors de leur arrivée dans un centre de grands brûlés (CGB) pour l’évaluation des brûlures.


B.  Secours médicaux


1.  Premier Bilan 


· Les algorithmes - règle ABC ou ABCDEF du cours EMSB (annexe 1) - souvent utilisés pour les urgences traumatologiques, autres que les brûlures, ou pour les détresses vitales latentes ou patentes, conservent toute leur pertinence chez le grand brûlé.  Celui-ci doit d’abord être évalué comme tout polytraumatisé afin de ne pas passer à côté d’une lésion vitale qui serait masquée par le caractère obsédant et obnubilant des brûlures. 


· Évaluation de la surface corporelle brûlée (SCB) à l’aide de la règle des 9 de Wallace  (annexe 2) et de la paume de la main (paume - doigts  y compris - représente 1% de la surface corporelle du patient).  Cette évaluation est capitale pour la mise en condition, le mode de transport, le pronostic et l’évacuation vers un centre de traitement des grands brûlés – CGB - (nouveaux critères d’admission dans un CGB, AR du 19 mars 2007,  annexe 3).


· Évaluation de la profondeur : distinction binaire entre zone brûlée et zone non brûlée ; entre plaie et peau saine ou très superficiellement atteinte (le premier degré qui ne doit jamais être comptabilisé dans la SCB) ; entre tissus sous-cutanés apparents ou masqués par une phlyctène et peau intacte.


· Lésions associées.  Quand une victime d’une agression thermique est vue pour la première fois par du personnel médical ou paramédical, une évaluation et un traitement rapides peuvent sauver sa vie.  Alors que la plupart des brûlés mineurs ne présentent pas de lésions associées (inhalation de fumée, blast, intoxications, plaies ouvertes, fractures, contusions, traumatismes crânien et thoracique, infarctus aigu du myocarde…), de telles lésions sont plus vraisemblables chez des brûlés graves. Peu importe la surface de la brûlure, les patients brûlés tombent dans une des 2 catégories suivantes : 1. ceux dont les lésions associées sont évidentes; 2. ceux dont ces lésions sont masquées, dissimulées.  Les patients qui ont une brûlure mineure et une lésion associée tombent habituellement dans la première catégorie.  Il n’est pas rare de passer à côté de lésions vitales quand la victime souffre de brûlures étendues et dont le caractère spectaculaire détourne l’attention de l’équipe médicale des problèmes les plus urgents.


· L’anamnèse ou hétéro anamnèse devrait alerter le médecin de la possibilité de lésions co-existantes :


1. Accident de roulage, surtout à grande vitesse ou avec éjection


2. Explosion


3. Electrocution


4. Saut ou chute dans la fuite (défenestration…)


5. Patient non interrogeable car inconscient, intubé, psychiatrique, intoxiqué ou sous l’influence de drogues


Tous ces patients doivent être considérés comme des polytraumatisés ou poly blessés potentiels et pris en charge comme tels.


Ce premier bilan conditionne non seulement la mise en condition et le traitement mais aussi le mode de transport.  Il est primordial pour le pronostic vital du brûlé grave. 


2.  Mise en condition


A ce stade, la brûlure doit seulement être considérée comme une plaie à protéger du risque de surinfection, car le brûlé est un patient de réanimation en état de choc hypovolémique latent ou patent, exposé à l’hypothermie, à l’hypoxie, ayant habituellement des douleurs très intenses et étant constamment anxieux.


2.1.  Abord vasculaire


Il est mis en place le plus rapidement possible, en zone saine, ou à défaut en zone brûlée.  Une bonne voie veineuse périphérique – au moins  18 à 16 Gauge est suffisante dans la majorité des cas.  Deux voies périphériques sont hautement souhaitables si le patient doit recevoir des drogues via un pousse-seringue ou s’il est intubé et ventilé ou encore s’il doit être évacué par hélicoptère.  La voie veineuse centrale n’est envisagée qu’en cas d’échec de l’abord périphérique.  La ponction d’une veine fémorale est alors habituellement réalisée.  Un prélèvement sanguin peut être réalisé pour la détermination des gaz sanguins dont l’HbCO.  Il existe des appareils d’analyse sanguine portables et utilisables sur le terrain (iSTAT d’Abbott) permettant la mesure quasi instantanée des gaz sanguins.


2.2.  Réanimation liquidienne

Dès que la surface corporelle brûlée (SCB) dépasse 15% chez l’adulte et 10% chez l’enfant, une réanimation liquidienne doit être entamée dans les plus brefs délais.  En préhospitalier, il est souvent difficile de réaliser un calcul précis des besoins liquidiens du brûlé à l’aide de formules de calcul précises, comme celle du Parkland hospital (voir page 21).  Pour pallier à cette difficulté, nous recommandons chez l’adulte, comme chez l’enfant, une expansion volémique avec un cristalloïde (si possible du Hartmann®, Ringer lactate) à la dose de 10 ml/kg/h si la SCB est < 40% et 20 ml/kg/h si la SCB est > 40%.  Cette formule, qui ne sert que de point de départ à la réanimation liquidienne, sera ensuite adaptée aux paramètres hémodynamiques et surtout à la diurèse (objectif : 0,5 ml/kg/h chez l’adulte ; 0,5-1 ml/kg/h chez l’enfant).                                                                                                                        Compte tenu des troubles majeurs de la perméabilité vasculaire au niveau des brûlures et de tout l’organisme en cas de brûlure étendue (supérieure à 20 % SCB), les colloïdes ne sont pas indiqués d’emblée (avant la 6ème heure post-brûlure).  Néanmoins, en cas d’état de choc difficilement contrôlable ou de non disposition de cristalloïde, un colloïde peut être utilisé.  Un hydroxyéthylamidon comme le Voluven® représente un bon choix.  A défaut de Hartmann, d’autres cristalloïdes comme le Plasmalyte® ou le NaCl 0,9% peuvent être utilisés avec les mêmes formules.  En outre, tout colloïde doit être préféré à du glucose 5% pour la réanimation initiale du brûlé.  Chez l’enfant, le Hartmann® constitue notre premier choix au cours des 4 à 8 premières heures post-brûlure.  


L’élément capital de la réanimation liquidienne réside dans la précocité du remplissage, dès la première heure post- brûlure.    Urgence ne signifiant pas précipitation, une fois le volume de liquide à perfuser par unité de temps ayant été calculé, il importe de maintenir un débit de perfusion aussi régulier que possible.  En effet, tout remplissage brutal a pour effet de majorer l’œdème, et toute diminution brutale d’être suivie d’un état de collapsus.  Le recours à des Dialaflow® est une alternative acceptable à la pompe à infusion utilisée en intrahospitalier.                                                                                                                Dans le contexte d’un incendie en milieu clos, un choc initial sévère et réfractaire inexpliqué ou un arrêt cardiaque ou une arythmie sévère ou un coma doivent suggérer une intoxication par cyanures.  L’hydroxocobalamine (Cyanokit®), 5 g chez l’adulte et 70mg/kg chez l’enfant, est l’antidote reconnu depuis longtemps chez nous mais seulement depuis peu par la FDA (15 décembre 2006).  


Les brûlures électriques par les courants de haute tension posent le problème particulier des lésions inapparentes.  Les apports calculés à partir des seules zones brûlées aux points d’entrée et de sortie sont sous-estimés.  Ceux-ci doivent être majorés de 50%, ou calculés sur la base de 8-12 mL/kg/% SCB le premier jour.  Le risque d’insuffisance rénale par rhabdomyolyse aiguë est prévenu par l’alcalinisation systématique.


2.3.  Réanimation respiratoire


L’oxygénothérapie systématique par inhalation d’O2 à haute concentration se justifie par la dette en oxygène qui est constante et la fréquence de l’intoxication oxycarbonée associée.  L’intubation trachéale et la ventilation mécanique sont indiquées en cas de brûlures d’une superficie supérieure à 60% de la surface corporelle, ou de détresse respiratoire clinique patente.  Une intubation préventive ne doit jamais être différée de plus de quelques heures en cas de brûlure cervicofaciale car l’aggravation progressive de l’œdème s’accélère entre la 4ème et la 8ème heure d’évolution pour culminer entre la 12ème et la 36ème heure post-traumatique.  Tout retard excessif risque, en effet, d’aboutir à une situation asphyxique, imposant une intubation dans des conditions dramatiques, voire une trachéotomie d’urgence, de réalisation toujours délicate.  L’intubation initiale est orotrachéale.  Elle se réalise avec un hypnotique comme le propofol ou le midazolam associé ou non à un opioïde, ou avec de la kétamine seule.  L’étomidate présente le désavantage d’inhiber durablement la sécrétion de cortisol endogène si précieuse en ces moments de choc et de stress intenses. La succinylcholine (Celocurine®, Lysthenon®) peut être utilisée sans danger d’hyperkaliémie mortelle au cours des 24ères heures post-brûlure.  Passé ce délai, une hyperkaliémie suraiguë mortelle en contre-indique l’utilisation chez le brûlé.  L’intubation endotrachéale est suivie de la pose d’une sonde nasogastrique.  La ventilation mécanique permet d’éviter l’augmentation de la consommation d’oxygène par accroissement du travail respiratoire et d’éliminer les risques liés à une gêne au niveau de la mécanique thoracique, à un épuisement ou à une dépression respiratoire d’origine morphinique.  Mais elle a un effet de dépression sur le débit cardiaque qui doit être compensé par un remplissage liquidien accru et/ou par le recours aux amines vasopressives et inotropes (épinéphrine, norépinéphrine, éphédrine, dobutamine).


2.4.  Analgésie, Sédation et Anesthésie.                                                                                   

Le contexte est celui de toute urgence traumatique, avec état de choc et estomac plein.  L’anxiolyse est le plus souvent souhaitable en l’absence d’hypotension artérielle et fait appel à une benzodiazépine, midazolam ou diazépam.  Parler, communiquer avec le patient dans une atmosphère calme rassure et réduit l’anxiété.  Avertir ses plus proches parents constitue souvent la première des priorités des victimes.  Rendre cet événement possible ou s’en charge, rend la prise en charge beaucoup plus facile. 


L’analgésie du patient repose sur l’administration intraveineuse d’opioïdes forts : morphine ou piritramide (Dipidolor®) ou fentanyl ou sufentanil.  Les voies intramusculaire, sous-cutanée et orale sont à proscrire vu l’incertitude de la résorption systémique liée au choc hypovolémique et à la gastroparésie.  Les anti-inflammatoires non stéroïdiens (AINS) sont contre- indiqués les 48 premières heures chez le brûlé grave vu le risque accru d’insuffisance rénale et d’ulcère gastrique de stress. 


2.5. Les Escarrotomies


Toute brûlure circulaire et profonde d’une extrémité, d’un membre ou du tronc doit faire l’objet d’une surveillance spécifique : recherche d’un pouls artériel, d’un pouls capillaire (capillary refill), d’une courbe au pulse-oxymètre, de la sensibilité et de la température cutanée ; évaluation de la compliance pulmonaire par l’observation des pressions d’insufflation et des volumes courants.  Si une ischémie franche en devenir est établie, une escarrotomie ou incision de décharge s’impose afin d’éviter des lésions de nécrose, des problèmes ventilatoires ou un syndrome abdominal compartimental.  Ces incisions doivent avoir lieu endéans les 3 à 6 premières heures suivant la brûlure.  Leur réalisation se fera préférentiellement en milieu hospitalier à l’aide d’un bistouri électrique ou d’un bistouri froid.  L’escarrotomie ne sera qu’exceptionnellement réalisée en extrahospitalier.  Si un délai long (> 6 h) est prévisible avant l’arrivée dans un hôpital, suite à des problèmes d’évacuation ou dans un contexte de catastrophe, les escarrotomies doivent être réalisées en préhospitalier.


C.  Transport


La qualité de la mise en condition, préalable à l’évacuation, est la meilleure garantie pour un transport dans de bonnes conditions.  En cas de brûlures de la face, la surélévation de 20 à 30 degrés de l’extrémité céphalique par rapport au cœur limite l’œdème facial et cérébral.  Le chauffage de la cellule du véhicule est nécessaire pour prévenir l’aggravation de l’hypothermie.  Le confort thermique du brûlé se situe entre 25 et 33°C.  Les secousses, les accélérations et les décélérations sont à éviter, pour ne pas induire de déséquilibres hémodynamiques supplémentaires.  La surveillance clinique cardiovasculaire, respiratoire, rénale et neurologique guide l’entretien des perfusions et le niveau de la sédation-analgésie.

Quel transport ?


L’ambulance, l’hélicoptère ou l’avion sont des moyens de transport reconnus pour victimes brûlées : ambulance pour les petites distances (< 200 km) ; l’hélicoptère pour les moyennes distances (entre 200 et 400 km) et enfin l’avion pour les grandes distances (> 400 km).  L’hélicoptère n’a pas montré de bénéfice sur le transport terrestre en terme de survie ou de morbidité.  Mais il permet un gain de temps, un accès plus facile en terrain accidenté ou lors d’embouteillage et embarque très souvent une équipe médicale hyper spécialisée.  Comme indication de l’hélicoptère, on peut retenir une distance > 200 km, un réseau routier saturé, la nécessité de l’envoi d’une équipe spécialisée sur place ou le besoin absolu de garantir à la victime un transport interhospitalier le plus bref possible et le plus approprié (cas pédiatriques).  Il n’existe ni critères objectifs ni standards nationaux ou internationaux d’évacuation par hélicoptère. Dans les faits, le choix de ce vecteur de transport repose souvent sur un faisceau de critères plus ou moins objectifs et très souvent subjectifs.  Une certitude, l’équipe médicale assurant le transport doit être expérimentée et la qualité de la préparation avant l’évacuation est primordiale afin d’éviter un décès dramatique en vol ou dans les minutes qui suivent l’atterrissage.  L’observation et la réanimation du patient brûlé en vol restent un défi médical qu’il ne faut pas laisser en des mains non ou peu expérimentées.  En situation d’urgence collective, l’hélicoptère a certainement sa place dans le transport du brûlé grave. 


		REGLES D’OR de la PRISE EN CHARGE EXTRAHOSPITALIERE DU GRAND BRULE


1. REGLE ABC 


2. O2 & PROTECTION V.AERIENNES


3. COOLING


4. PROTECTION THERMIQUE


5. SURELEVER LES BRULURES


6. LIGNE IV & CRISTALLOIDES & SONDE URINAIRE


7. ANALGESIE EN IV (PAS D’IM ou SC)


LE BILAN ET LA REANIMATION INITIALS DU GRAND BRULE DOIVENT ETRE IDENTIQUES A CEUX DE TOUT TRAUMATISME.





Recommandations pour la prise en charge hospitalière des 72 premières heures 


hors centre de brûlés


Préparatifs pour l’accueil d’un grand brûlé en salle d’urgence ou dans toute autre salle

· Salle surchauffée (25-30°C)


· # Hartman ou Physio ou Plasmalyte


· TET, Respi, VC, LA, SG, SU, ST°, PO, otoscope, fibroscope, bistouri, gaz artériel


· Sédation: # sufentanil, # midazolam, # diprivan


· Amines: # dobutamine, # norepinephrine, # épinéphrine


· Hydroxocobalamine, vaccin et sérum anti-tétaniques


· Matériel pour soins locaux des brûlures (compresses, chlorhexidine, sulfadiazine Ag..)


· Labo: complet, Hb, gaz artériels, lactate, HbCO, alcool, screening, HCG, sérologies


· RX Thorax, ECG, Doppler, Total body CT Scan

    # : pompe à débit continu ou pousse seringue; TET: tube endotrachéal; VC : voie centrale; 


    LA : ligne artérielle; SG : sonde gastrique; SU : sonde urinaire ; ST° : sonde thermique;            


    PO : protection oculaire ; Hb : hémoglobine ; HbCO : carboxyhémoglobine ; HCG : hormone    


   chorio-gonadotrophique


Parcimonie, Simplicité et Survie dans les soins au Brûlés

· “Burn care is not difficult, and that is the hard thing about it!”


· “The 3 interventions that consistently thwart death on a regular basis are : FLUID, FOOD & IMMEDIATE SURGERY” 


           *Tim Brown Auckland New Zealand Burns 29(2003) 197-198


Traitement des 24 premières heures du Brûlé grave

· Ranitidine iv, pas d’AB*, énoxaparine 40 mg sc, analgésie, sédation


· Vitamines iv 1 à 2 x /j: B1 250 mg, B6 100 mg, C 1g, K 10 mg


· Formule du Parkland hospital : Hartmann 4-6 ml/kg/%SCB (50% les 8 1° heures)


· Albumine 20% dès la 6° heure à la dose de 0,75 g/kg/24h ou 3,5 ml/kg/24h


· Gavage: 10-20 ml/h dès la fin des pansements


· # sufentanil 0,3 µg/kg/h, midazolam 0,1-0,5 mg/kg/h


· Aérosols Duovent, Bisolvon ou Lysomucil


· # dobutamine et/ou # norepinéphrine pour contrecarrer l’hypotension liée à la brûlure, à la sédation et à la ventilation en pression positive 


· Solucortef 50 mg/6-8h si étomidate, si Addison potentiel


· Soins locaux des brûlures 1x/jour


· Frottis et Culture (Nez, Gorge, Expecto, Brûlures, Aine, Urines)


     * : AB : antibiotique ; sc : sous-cutané ; iv : intraveineux ; # : pousse-seringue ou pompe à débit continu.


La formule simple du Parkland hospital (formule de Baxter et Shires) est toujours d’actualité : 4mL / kg / %  de SCB de Ringer-lactate (Hartmann) au cours des 24 premières heures, dont la moitié est perfusée au cours des 8 premières heures et l’autre moitié au cours des 16 heures restantes.  En cas de délai important dans le remplissage (au delà d’une heure) ou de remplissage nettement insuffisant, de lésions d’inhalation associées, de brûlures essentiellement de 3°,  de lésions hémorragiques associées ou d’électrocution, les besoins seront plus élevés : 6 à 12 ml/kg/% en 24h.  Cette formule, à l’instar de nombreuses autres, sera adaptée en fonction de la diurèse selon le schéma suivant : si diurèse inférieure à 0,5ml/kg/h, augmenter les apports de 25 à 50% ; si diurèse supérieure à 1 ml/kg/h, diminuer les apports de 25 %.  La diurèse et les apports liquidiens doivent être évalués à chaque heure.  D’autres marqueurs de perfusion tissulaire (lactate, base excess) et l’hémoglobine – l’hémoconcentration secondaire à la plasmorragie - peuvent aussi orienter le remplissage. En cas de brûlure grave associée à une lésion d’inhalation significative, le calcul doit se baser d’emblée sur 6 ml/kg/% de SCB par 24h.   Durant ces 24 premières heures, les apports liquidiens sont réalisés uniquement avec des solutés cristalloïdes (Hartmann) et de l’albumine concentrée à 20% (0,75 à 1 g/kg/jour ou 3,5 à 5 ml/kg/j) dès la sixième heure post-brûlure.  

Traitement de la 24° à 48° heure du Brûlé grave

· Apport liquidien total (perfusions+albumine+gavage) = 50% des apports des 24 1° h pour diurèse 0,5 ml/kg/h (0,3 à 1 ml/kg/h)


· Glucose 5% demi-salin (4,5 g Na/l) + ions (K,Mg, Ph)   


· Albumine 20% ou 4% (SSPP) pour albuminémie > 2 g/dl;


· Gavage 20 à 40 ml/h


· Vitamines B1 250 mg, B6 100 mg, C 1g, K 10 mg : 1 à 2x/j

· Ranitidine iv, pas d’AB, énoxaparine 40 mg sc, analgésie, sédation


· # Norépinéphrine et/ou dobutamine pour TAmoy >65 mmHg


· AB si plaies souillées, choc septique, expecto purulentes, plaies associées (fracture ouvertes) 


· Ketamine iv 0,5-1 mg/kg pour les soins


· Peser (prise de poids de 10-20 kg, de 5 à 20% du poids corporel)


* : AB : antibiotique ; sc : sous-cutané ; iv : intraveineux ; # : pousse seringue ou pompe à débit continu ; TA : tension artérielle.


		Traitement > 48°heure du brûlé grave


Glucose5% + ions 40 ml/h


Gavage 60 ml/h (1,5l/24h)


Albumine 20% en fonction de l’albuminémie (oui si taux < 2 g/dl)


Vitamines B1 250 mg, B6 100 mg, C 1g, K 10 mg : 1 à 2 x/j

Ranitidine iv, 


enoxaparine 40 mg sc,


Analgésie, sédation


# Norépinéphrine et/ou dobutamine pour TA moyenne > 65 mmHg


Retour au poids d’admission au 7° - 12° jour (furosémide)


Antibiothérapie orientée


Ketamine iv 0,5-1 mg/kg pour les soins





Acute Medical and Surgical Treatment of Major Burn

1. O2, physiotherapy, tracheal intubation, ventilation


2. Fluid resuscitation, inotropic agents


3. Analgesia and sedation


4. Escharotomy, fasciotomy


5. Tetanus prophyllaxis


6. Early enteral nutrition


7. Normothermia


8. No Antibiotic


Annexe 1


ABCDEFGH (cours Emergency Management of Severe Burns)


A. Airway maintenance with cervical spine control


B. Breathing and ventilation


C. Circulation with haemorrhage control


D. Disability- neurological status


E. Exposure and environmental control


F. Fluid resuscitation proportional to burn size


For Adults, if > 15% TBSA :      


Hartmann oR NaCl 0,9% : 4 ml/kg/%TBSA/24h (2 ml/kg/% the first 8 h, 2 ml/k/% over 16 h)


For Children, if > 10% TBSA:

Hartmann or NaCl 0,9%:3-4 ml/kg/%TBSA/24h (2 ml/kg/% the first 8 h, 2 ml/k/% over 16 h)

Glucose5%NaCl0,45%:100 ml/kg/d < 10kg +50 ml/kg/d 10-20 kg +20 ml/kg/d >20 kg 


For a urinary output: Adults: 0,5 ml/kg/h (range 0,3 – 1,0 ml/kg/h)

                                      Children (< 30 kg): 1,0 ml/kg/h (0,5 – 2 ml/kg/h)


G. Get lab – fonctions vitales, cathéters, et clichés RX


Give medication


H. History      A - Allergies

                        M - Medications

                        P – Past illness

                        L – Last meal

                        E – Events/Environment related to injury

      Head to toe examination


Annexe 2 : Calcul de la surface corporelle brûlée grâce à la règle des « 9 » de Wallace
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B.  Pour les cas pédiatriques, les chiffres ci-dessus sont à adapter à l’âge de la façon suivante:


· Soustraire 1% à la tête par année > 1 An


· Ajouter ce 1% aux 2 membres inférieurs


· 10 ans = âge adulte

Annexe 3.  Critères d’Admission dans un Centre de Brûlés ( AR 19 Mars 2007*)

· 1. SCB** > 10 % : < 10 ans ou > 49 ans


· 2. SCB** > 20 % : entre 10 et 49 ans


· 3. SCB** 3°> 5%: tous les âges


· 4. Brûlures: face, mains, OGE, péri-anale, articulations


· 5. Brûlures significatives d’origine chimique ou électrique


· 6. Destruction significative du tissu pulmonaire par inhalation 


· 7. Brûlures et lourds antécédents médicaux, 


· 8. Brûlures et antécédents psychosociaux (inclus enfants maltraités)


· 9. Brûlures associées à des traumatismes significatifs


· 10. Syndrome de Lyell, SSSS*** 


· 11. délabrements cutanés d’origine traumatique ou médicale sur une SC > 10%


* : AR : Arrêté Royal fixant les normes auxquelles un centre de traitement de grands brûlés 

               doit répondre pour être agréé comme service médical au sens de l’article 44 de la loi  


               sur les hôpitaux,  coordonnée le 7 août 1987.


** : SCB : surface corporelle brûlée

*** : Staphylococcal Scalded Skin Syndrome
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AbSTRACt

As of November 2008, more than 51,000 patients from Operations ENDURING FREEDOM and IRAQI FREEDOM had been aeromedically evacuated from the combat theaters for treatment at Landstuhl Regional Medical Center, Germany.  Of injuries sustained in combat, 11% involved the abdomen. Damage control practices are commonly implemented during the initial resuscitation and the subsequent surgical treatment of the multi-injured combat trauma patient.  These practices in concert with the rapidity of aeromedical transfer create medical challenges for the evacuation chain. 

1.0
Landstuhl REGIONAL MEDICAL CENTER (LANDSTUHL, GERMANY)


Landstuhl Regional Medical Center (LRMC) is a US Army hospital jointly staffed by members of all three US military branches (Army, Air Force and Navy).  It is the largest US military hospital outside of the United States and is the primary referral center for a population at-risk of 500,000 beneficiaries widely distributed over three continents.  For most patients evacuated from service in Operations ENDURING and IRAQI FREEDOM, LRMC will be their initial destination outside of the combat theater.  In July 2007, LRMC historically became the only trauma center verified by the American College Surgeons located outside of the United States.

2.0  COMBAT INJURY DISTRIBUTION

From a query of the Joint Theater Trauma Registry, a database of medical treatment information of patients treated at US military medical facilities, performed by Owens et al.

		BODY REGION

		INCIDENCE



		Head

		8%



		Neck

		3%



		Thorax

		6%



		Abdomen

		11%



		Extremities

		54%





3.0  CONVENTIONAL TRAUMA CARE


Care guidelines prescribed by the American College of Surgeons’ Advanced Trauma Life Support Course are standard practice in the care of trauma patients in both civilian and combat trauma scenarios.  For most civilian trauma patients, diagnosis and definitive repair of all injuries is possible in the immediate post-injury period.  For clinical (physiologic) and tactical (deployed resource) reasons, definitive therapy is not immediately possible for many combat trauma patients.  In these patients, damage control surgical techniques are practiced.


4.0  DAMAGE CONTROL SURGERY AND RESUSCITATION


Damage control surgery involves utilizing unconventional surgical approaches to keep the patient alive at any cost.  The primary focus is to stop the deadly triad of (1) coagulopathy, (2) hypothermia and (3) acidosis from progressing to patient death.  Following abbreviated surgical intervention, continued stabilization and resuscitation is performed in an intensive care unit setting.  In some cases, this stabilization and resuscitation may be conducted during aeromedical evacuation.  For the most severely injured trauma patients, damage control resuscitation is also indicated with earlier transfusions of packed red blood cells and other blood components and an avoidance of high volume crystalloid administration.  Recombinant activated factor VII and fresh whole blood transfusions are other therapies used in damage control resuscitation situations.

5.0  CHALLENGES IN EVACUATION OF ABDOMINAL INJURIES

Several challenges exist in the rapid aeromedical evacuation of patients with abdominal injuries.  For patients requiring damage control techniques due to the severity of the injuries, management of the open abdomen can be difficult.  Heat and free-water loss is accelerated in the flight environment.  Access to blood component inventories may be limited or non-existent during flight.  Identification and treatment of postoperative surgical bleeding and abdominal hypertension may be impossible.  As the clinical and tactical situation allows, experienced and appropriate patient validation for flight is the most important factor leading to mission success. 
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Abstract

Ear nose & throat (ENT) injuries are usually found more often that accounted for. Although patient stabilization according to trauma protocols is important for the patients’ life, care of an ear – nose & throat injury is important for the patient’s quality of life post trauma and if addressed properly could save the patient more complicated surgery in NATO Role IV management .



In this paper, broad guidelines are presented for each type of ENT trauma with respect of its potential implication during aeromedical evacuation.

1.0
INTRODUCTION


Medical management of trauma patients has already been incorporated into NATO doctrines (MC326/2) as well as various other Standardization Agreements (STANAGs) shown in Table 1. Management follows evolving treatment protocols, such as Advanced Trauma Life Support (ATLS) or other national similar principles, mainly focused on trauma patient survival until definitive treatment may be administered. 


Table 1: Standardization Agreement (STANAG) 3204 and list of other 
STANAGs directly related to Aeromedical Evacuation (AE)
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Incidence of ENT trauma may depend on the predominant type of combat held (i.e. guerrilla warfare, trenches defence as in WWI, etc). However, its operational significance maybe demonstrated in the Vietnam war casualty statistics (Figure 1), where although extremity trauma was the most common, ENT trauma taxed heavily survivability of patients. 
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Figure 1: Vietnam War casualty statistics by type of injury and (%) survivability (1,2) 


However, despite of its operational impact, ENT trauma can be overlooked, specially in multi-organ trauma patients. In Figure 2 the results of a study by Linn et al (3,4) demonstrate a 26% miss rate in potentially identifiable facial injury, as compared to 8% for soft tissue neck trauma and 7% for head trauma patients.  This percentage may be shown as high as 33% (5). Obscurity by nature (specially facial fractures), patients unable to complain (i.e. unconscious) and trauma management prioritization may account for these missed cases, otherwise identifiable, once accountability for ENT trauma is kept in mind. 
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Figure 2: (%) of identifiable ENT trauma missed according to injury type (3)

2.0
patients with EAR/Temporal Bone TRAUMA 


Human temporal bone presents a unique complexity (Figure 3) by nature, rendering its trauma unrecognizable to the untrained eye, specially in these patients without any concomitant brain injury. Typically temporal bone fractures are longitudinal or transverse. Clinical appearances, such as the one of the tymbanic membrane (i.e. haemotympanum, rupture with discharge), Battle’s sign (postauricular echymosis of the mastoid tip) and clinical signs (facial nerve paresis/paralysis, hearing loss, dizziness and/or vertigo) will help differentiate these types. In a transverse fracture, air from the middle ear may, however, escape into the skull (Pneumocephalus) and exert pressure to the skull interior during Aeromedical Evacuation. Investigation through imaging (X-ray, CT scan) usually reveals such potential. If one suspected, cabin altitude should be kept ideally to AE departure level or kept to the minimum possible and antibiotic treatment administered to counter for the possibility of delayed meningitis.
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Figure 3: Temporal bone fractures: longitudinal (a, 2,3) 
and transverse (1,4) (6) with pneumocephalus (b)                                              

2.1
Aeromedical evacuation of post-operative otologic patients

The same principle remains valid for AE of post-otological surgery patients. For example, post myringotomy and grommet insertion, one day will alleviate any symptoms from moving tympanic membrane, if any. For post tympanoplasty or stape surgery patients, however a period of ten days at minimum should be allowed, since proper aeration of the middle ear should be present before AE. In patients with a CSF leak, AE should not be allowed for two weeks (4), as general rule after surgical or spontaneous cessation of the leak. The same period is also effective for acoustic tumor patients, post removal.   


3.0
patients with facial & RHINOLOGICAL trauma 


Facial trauma has been typically classified by Le Forte (Figure 4). However, the sinuses may also be involved in an “irregular” fashion, with/withour identifiable depression on the patient face, although haematomas, nasal bleeding with congestion may also occur. Orbit involvement may also add diplopia, blurred vision, anopsia or difficulty in ophthalmokinetic muscle activity due to their involvement in orbit fractures (Figure 5), as well as blood content in tears. Sinuses with fractured walls are unlikely to present problems during AE either due to the flaccidity of their walls which allows them to accommodate possible pressure changes, or due to their filling with blood, rendering them immune to pressure changes. When air has entered the orbit via a fractured sinus wall, care to provide air passage out and monitor visual acuity should be taken to avoid compression injury to the optical nerve. 

[image: image6.emf]

Figure 4: Le Forte facial fracture classification: Class I (upper alveolus detachment), Class II (pyramidal fractures with upper jaw detachment) and Class III (complete craniofacial separation)

[image: image7.emf] 




Figure 5: Various types of Sinus involvement into facial trauma (6)  


Pneumocephalus, thus air contained within the sinuses present within CNS structures, should be ruled out before AEv via sinus imaging. Air expansion within the skull will increase pressure to brain tissue and brain stem (herniation) complicating the patient’s clinical picture, specially in the presence of other lesion in the area.


Such patients should only be air evacuated via aircraft with cabin compression capability, restricting cabin altitude to departure level or –if this is not feasible – to minimum possible. Patient position should be head-facing-cockpit, to avoid further pressure to the brain by pooling of blood during aircraft manoeuvring. Mannitol and other pharmacological agents should be available to use during flight, if indicated by the attending emergency care physician or flight surgeon.

Also, to avoid potential onset of delayed meningitis, no nasotracheal intubation should be best avoided during AE. 

3.1
Aeromedical evacuation (AE) of post-operative phinological patients


It is well known that patients suffering from an acute URTI should not travel by air because of increased possibility for an ear or sinus barotrauma: during descend, atmospheric air entering back into these cavities will bring along contaminated mucus, advancing an uncomplicated ear/sinus barotrauma into an infectious baro-otitis/sinusitis.

For patients having undergone rhinological surgery the outcome is different. All rhinological surgery aims into reconstituting free air passage through nasal airways either meatuses or ostia in size. Free larger airways will provide free large and smaller airways by allowing aeration and effective removal of secretions (The Messeklinger (7) principal of Functional Endoscopic Sinus Sunrgery – F.E.S.S.) as seen in Figure 6. Therefore, with the exception of oedema/inflammation , present, these patients can be air-lifted within 24hrs of the procedure: rhinoplasty, septoplasty, endoscopic sinus surgery or ballon sinusoplasty (8,9).  
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Figure 6: The Functional Endoscopic Sinus Surgery (7) principle (left) and topographic representation of facial skull sinuses: 1- maxillary antrum, 2- anterior 
ethmoids, 3- frontal sinus, 4- posterior ethmoids, 5- sphenoid                         


When in doubt, a test via high altitude chamber should be utilised before flying.

3.2
The case of epistaxis patient


Epistaxis may span from a simple nuisance to a life threatening predicament. While all patients with anterior packing may not face problems during AE, care should be given to the patient bearing posterior packing.
 


Posterior nasal bleeding is usually controlled via balloon catheters (i.e. Foley’s, double cuffed rhinological catheters incorporating air tube) filled with air and secured in the rhinopharynx for a period of one to two days. In case of severe bleeding (e.g. elderly patient receiving anti-coagulants) AE should be best avoided for a week after bleeding settles. Otherwise, during ascent to altitude over-inflation of the balloon catheter will result in discomfort and during descend under-inflation may result in bleeding recurrence. Using water instead of air has been suggested, but patient discomfort usually prohibits such intervention. The flight environment, characterized by dry air, low temperature, vibration and pressure changes is by itself unfavourable for mucosal recovery post bleeding. Therefore, monitoring for nasal packing complications (10) is mandatory: nasal alar necrosis, sepsis, aspiration and arrythmias (leading to death) reflecting the extra workload imposed by packing  on the heart.

3.3 
The patient with mandible fracture


Patients with mandible fractures often carry intermaxillary fixation (IMF). They may not present with a problem during AEv, if the following points are kept in mind (Figure 7). Specially in long haul flights, motion sickness may appear. If vomiting occurs, aspiration will greatly complicate the AEv. Thus either wire cutters should be readily available (kept secure and attached to the patient), or the wire IMC fixation system should be replaced by a rubber one, in order to facilitate doffing. In addition, anti-motion sickness drugs may be administered pre-flight to all AEv patients or selected ones (according to individual susceptibility), as judged by the flight surgeon in charge.


[image: image10.emf]

Figure 7: Typical surgical management of a patient with mandible 
multi-fractures. Note the wire suspension & teeth closure system. 


4.0
patients with OROPHARYNX or SOFT TISSUE NECK TRAUMA

Patients with oropharynx of neck soft tissue trauma (Figure 8) should not present with difficulty in AEv, provided that their surgical field has dried off properly (that is adequate haemostasis techniques were used), all drains have been removed and the patient remains complication free. This may demand a 10 day period before AEv, depending on general patient condition.
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Figure 8: Neck soft tissue exploration with submandibular gland removal.

4.1
Post-op care for the tonsillectomy patient


Tonsillectomy may range from a simple surgical procedure to a vigorous intervention. Its most common complication, other than pain, is haemorrhage form the surgical bed.  Some bleeding may normally occur during the 4-5th post-operative day, due to eschar separation from the tonsillar fossae. This usually requires minimal or no surgical help. 

However, if post operative bleeding happens during AEv, it may prove very cumbersome to manage within flight. We should also keep in mind that modern tonsillectomy involves use of electrocautery techniques, such as laser, radio frequency (RF) haemostasis etc, which although help by creating a blood-free surgical field, they add thermal energy damage to the mechanical one, thus prolonging in many cases the tonsillar fossae recovery period, according to our own experience. This may result in bleeding during the 10th-12th post-op day. 

For these reason we consider safer for a tonsillectomy patient to AEv in 2 weeks post-operation. 

5.0
patients with LARYNGEAL TRAUMA/surgery 


5.1
Airway management


Airway control management is crucial to all patients bearing intubation, as well as patients with maxillofacial trauma of any type and requires special attention during AEv. As stated before (§3.2) flight environment presents challenges to the tracheotomised patients due to air dryness and temperature/pressure fluctuation. There are four distinct ways to support respiratory function via intubation during AEv, shown in Table 2, according to tube insertion site: orotracheal (tube through oral cavity), nasotracheal (tube through nasal cavity and nasopharynx), needle cricothyrotomy (large gauge needle though criciod membrane), surgical cricothyrotomy (surgically assisted tube through cricoid cartilage) and tracheostomy (surgically assisted tube though lower tracheal rings), as shown in Figure 9.  For all modalities, however, the tube should be secured in place before flight. Except needle cricothyrotomy, all tubes carry cuffs normally filled with air, which should be inflated when in place. Due to pressure changes, cuffs maybe overinflated for the duration of the journey, causing tracheal stenosis secondary to fibromatosis developing on the pressure site (Figure 10). On the contrary, once the aircraft is on the ground, underinflation may allow aspiration or air leaks to occur. 

For these reasons, it is highly recommended to monitor cuff pressure during flight either by palpation or by using self-regulating tubes (tubes incorporating a pressure meter). 
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Figure 9: Laryngeal and tracheal cartilage diagram showing tube 
insertion sites for cricothyrotomy (a) and tracheotomy (b).  


Table 2: Intubation modalities: pros and cons

		·  

		Advantages

		Disadvantages

		contraindication



		Orotracheal 

		· Easy 


· Training available

		· Cervical spine manipulation

		· Suspected cervical spine fractures


· “Clothlines” injuries



		Nasotracheal 

		· Better tolerated


· Blind application

		· Expect ipsilateral sinus barotauma

		· Apnoic patients


· Skull base fracture


· “Clothlines” injuries


· Sinus wall fractures



		Needle


cricothyrotomy

		· for 30-45 min only 
(flow: 15 l/minO2)

		· CO2 build up


· Subglottic stenosis

		·  



		Surgical 


cricothyrotomy

		· Secure in AE

		· Subglottic stenosis

		· Child<12yrs


· Tracheal disruption



		Tracheostomy

		· Clothlines injuries


· Laryngeal fracture

		· Requires surgical repair

		·  Obstacle under stomal site
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Figure 10: Laryngeal stenosis post tracheal tube cuff over-inflation, very difficult to treat. 


5.2
The patient with laryngeal trauma


Laryngeal trauma presents a challenge in management because fracture and subsequent instability of the laryngeal apparatus may be concealed during first evaluation, specially in the unconscious. In such cases, patient history (trauma mechanism, skin marks: i.e. clotheslines, characteristics of the insulting force, etc) may help. When in doubt, cricothyrotomy or tracheostomy should be preferred. In extreme trauma cases, a complete separation of tracheal rings may be unnoticed. An oronasal/nasotracheal tube by mere insertion force can cause the soft tissue keeping tracheal together to tear and the central trachea to retract into thorax. 

[image: image15.emf]

Figure 11: Tracheal ring separation may result in retraction and ptosis of central part into thorax


5.3
Care for the tracheostomised patient during AEv

As stated above, due to the unfavourable characteristics of the cabin air for the respiratory patients, when a tracheostomised patient (who wear a tube through tracheostomy, as seen in Figure 12) must be evacuated by air, the following facilities should be available: 


· Tube cleaning facility, incorporating air suction pump to remove tracheal secretions,


· Air humidifier and adequate hudration 

· Respiratory Oxygen


· Tube replacement and obdurator (in case tube looses fixation) 

If tracheostomy has been performed recently, a week should be at best allowed before air travel. 
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                                        Figure 12 :  Endotracheal tubes  




Figure 12: Endotracheal tubes


6.0
CONCLUSION

ENT Trauma is common in modern operations and still remains lethal due to the nature of its site. 
Following all trauma management general guidelines, in order to treat it effectively, one must be aware of  trauma mechanism and its relative clinical signs. ENT trauma patients may be evacuated by air safely, keeping simple guidelines which – within flight – require a fundamental understanding of the underlying basic aeromedical principles and laws of physics. This requires adequate patient preparation, since corrective procedures may prove cumbersome to apply within a flying aircraft.  
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ABSTRACt

SOF operations routinely exist at locations distant from the presence of a robust evacuation chain.  AFSOC has developed a small footprint system to provide forward deployed SOF casualties trauma care from the point of injury through resuscitative surgery and ultimately into the regulated Aeromedical evacuations system.  

1.0
RTO fIRST LEVEL HEADING

Conventional military forces have well developed evacuation and casualty care systems that create a viable and robust medical capability to care for injured servicemen and women in combat.  The basic concept shared by NATO Forces is that as the injured soldier traverses the evacuation chain, at each stop the soldier will visit medical treatment facilities of increasing capability and will be cared for in flight by increasingly capable aeromedical evacuation medics, nurses and physicians.   In general, the first level of care is self aid / buddy care and then care by an enlisted medic at a casualty collection point.  From the casualty collection point the injured servicemen is transported to the second echelon of care.  This transportation can be either provided by dedicated medical evacuation platforms (Dust Off helicopters / field ambulances) or by vehicles of opportunity.   It is usually at the second echelon of care that the patient is first seen by a physician.  The care provided includes trauma resuscitation and stabilization and, in some cases, limited surgical intervention.  Using dedicated medical platforms, the patient is then transported to larger field surgical hospitals where more definitive surgical procedures can be performed and larger numbers of critical patients can be held.  From this location, patients are transported to either large regional or national hospitals where the injured serviceman can receive definitive care and the necessary rehabilitation needed to completely recover.


This doctrine of having patients traversing increasingly more capable medical treatment facilitiys has been proven to be effective in maximizing the successful recovery of injured combatants. In large scale military operations, a well developed and robust medical evacuation plan is a critical component of the deliberate planning stage.  Due to the significant number of medical treatment facilities required for these plans, it is common to take some time for these medical facilities to be moved to the battlefield location, for all the medical personnel to be assembled and for the medical treatment facility to be completely setup.  But once all the required treatment facilities are in place, the resulting system provides an efficient and effective system to successfully move and care for patients as they transit the evacuation system.


For special operations forces (SOF), multiple factors result in the inability to develop an evacuation plan that will provide the same level of care and efficiency of movement that the conventional military forces enjoy.   The primary limitations that negatively impact the development of robust evacuation systems are the typically small deployed SOF personnel and logistical footprint, large distances between at risk combatants and established medical treatment facilities and the desired low visibilities of SOF forces.   Each of these factors is in direct conflict with requirements to develop robust evacuations systems. 


 The challenge of SOF medicine is to provide the highest quality of health service support without the benefit of all of the traditional pillars of health services support (far forward comprehensive care, deployable hospitals, dedicated evacuation system, and CONUS support base), without the benefit of fully developed traditional levels (echelons) of care, and in areas of significantly higher medical and operational threat.   From the point of injury, most SOF combatants frequently find themselves thousands of miles from the nearest quality trauma care.   Functionally, injured SOF combatants must traverse a casualty evacuation chain that goes directly from Level I to Level IV/V and often traveling the distance without the assistance of trained medical personnel beyond the unit medic. 


 AFSOC’s challenge was to bridge the gap between the injured SOF combatant and the nearest component of the conventional aeromedical evacuation system by creating a tiered evacuation chain that meets the size and security requirements of the SOF environment.  To meet this challenge, the following capability nodes were determined essential: advanced first responder care provided by a combatant medic, CASEVAC medical assets prepared to provided in flight trauma care over extended distances, resuscitative surgical care able to perform in austere environments and critical care transportation team capable of working on opportune platforms without the assistance of trained Aeromedical Evacuation crews.     To create this system, AFSOC modeled conventional medical units but modified the Mission Essential Task list and bolstered the standard training requirements to allow these units to work effectively within the SOF environment.  The end result is a small, robust and effective alternative evacuation chain designed specifically for supporting injured SOF combatants.   AFSOC medics provide a comprehensive medical platform for SOF operators through a continuum of care starting from point of injury and deployed clinic medicine through resuscitative/stabilization surgery, intensive care medicine, casualty evacuation to entry into fixed-wing air evacuation and follow on hospital-based definitive care.


Four AFSOC deployable medical capabilities are used as needed to manage patients medically through the evacuation chain.  The first of link in the AFSOC CASEVAC chain is the Pararescueman(PJ).   PJ’s are combatants trained as rescue specialist with advanced medical training in trauma management.  They are NEMT-Paramedics and SOCOM Advanced Tactical practitioners allowing them to be inter-operable with all other SOCOM medics.  They provide for Paramedic level trauma care at the point of injury, safe retrieval of injured combatants from a wide variety of entrapments and the ability to transport patients through hostile terrain.  In addition, their experience in combat search and rescue makes them especially adept in infiltrating their capability using land, sea and air platforms.   They are assigned to Special Tactics Squadrons along with Combat Controllers and train extensively with joint SOF forces to ensure they are capable of integrating into the joint SOF environment.  They also work with the other AFSOC medical units which often provide online medical control and who they transfer injured combatants to for further trauma care and transport.  In the absence of the other AFSOC units, the PJ will manage the patient until they are transferred to a conventional evacuation chain asset.
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The Special Operations Forward Medical Element (SOFME) provides the critical link between the combatant medic and surgical care.  Based on the conventional Squadron Medical Element concept, the team consists of two Independent Duty Medical Technicians (IDMTs) and a flight surgeon.  In some cases, a Flight medicine Physician’s Assistant will substitute for one of the IDMTs on a team.  Besides their core task of providing flight medicine support to deployed AFSOC aircrews, they are trained to provide initial trauma resuscitation both on the ground and on SOF air frames.  They are trained and equipped to manage airborne casualties for extend periods to meet the reality that the nearest trauma surgical care may be thousands of miles away in some theaters.  The IDMTs receive additional training to include NEMT-Paramedic and CASEVAC training.   Because of this additional training, the PJ can be confident that transferring a patient to the SOFME IDMT does not in any way degrade the quality of trauma care provided to the patient.  Effectively, the SOFME allows the combatant medic to transfer the casualty once out of the non-permissive environment to another qualified medic so the PJ can more rapidly return to the conflict and support his unit.  The SOFME Flight surgeon can augment the IDMT’s on board the aircraft as needed but traditionally provide online medical control for both the PJ’s and the IDMT’s at the JSOAC.   In the role of online medical controller, the flight surgeon will determine whether to have the casualty sent to his/her location or direct that the mission overfly the forward operating base to another location better able to manage the patient’s injuries.  If the casualty arrives at the Forward Operating Base, the flight surgeon takes over management of the patient until aircraft are ready to provide evacuation to a site where trauma surgical care is available. 
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The AFSOC Special Operations Surgical Team (SOST) provides resuscitative surgical care to injured combatants in the most austere of environments.  Derived from the Air Force Mobile Field Surgical Team, the team consists of a general surgeon, orthopedic surgeon, nurse anesthetist, emergency medicine physician and operating room technician.  The team’s equipment is all man portable and can provide for up to 10 damage control surgical procedures without resupply.   In limited situations, the team can pare down the package at the forward operating base to provide care far forward for one or two surgical casualties with less than 200 lbs of equipment and supplies.  Compared with the conventional MFST, the SOST members receive additional training in the ability to survive and operate in the SOF environment as well as creating surgical theaters in the most forbidding of opportune shelters.  By developing habitual relationships with the units they deploy with, the teams are able to be best utilized by JSOTF commanders and can be positioned as far forward as possible to ensure the SOF combatants are within the “Golden Hour” to trauma surgical care.  In order to maximize the capability of the equipment they bring to the fight, military expedient surgical principles (damage control surgery) is typically employed.  Although this usually commits the patient to a second surgery at a larger surgical hospital, it maximizes the number of patients the SOST can care for and minimized delays in moving the patient to the next level of care.
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The fourth component of the AFSOC evacuation Chain is the Special Operations Critical care Evacuation team.  This team’s foundation is the Air Force Critical Care Aeromedical Transport Team (CCATT).  The team consists of one critical care or emergency medicine physician, one critical care nurse and one cardiopulmonary technician.  Team members are all graduates on the Air Force CCATT course but have been provided additional training in CASEVAC utilizing SOF air, ground and sea platforms.  They also attend multiple courses to ensure they are able to survive and operate effectively within the SOF environment.  As they often deploy to the same location as the SOST and / or SOFME, they train to effectively augment both of those units.  They can provide limited CASEVAC capability to the SOST, augment the SOFME CASEVAC mission, provide pre and post operative management on the ground and are able to do initial trauma resuscitations.  They are trained and equipped to manage critical post operative patients for extended periods of flight common in SOF missions.  They are particularly adept at providing critical care aeromedical transports on non-standard platforms without the assistance of an aeromedical evacuation crew.


The SOFME, SOST and SOCCET are all collocated in garrison under a Special Operations Support Squadron in the Operational Support Medical Flights (OSM).  This allows all three of these assets to train together as well as to work in the same medical treatment facility for clinical currency.   They all receive the same or compatible training in patient movements, aircraft familiarization, ability to survive / operate and field skills.  The OSM’s work closely with collocated STS’s to ensure the habitual relationships are developed allowing smooth transfers of patients throughout the AFSOC evacuation system.  As the OSM personnel are all considered line assets, they are not encumbered with the health care benefit requirement for in garrison medical care.  This ensures adequate time is provided for training on deployment based skill sets.   In addition, the equipment these teams will use during deployments is collocated at the OSM to provide maximal opportunities for the teams to train on their allowance standard.
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This AFSOC evacuation chain is depicted in the diagram below.
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As with any SOF organization, adaptability is built into the AFSOC evacuation chain structure.  In an ideal situation, all four capabilities will exist within the theater of operations and be tasked as needed to meet the needs of the injured combatant.  Ultimately, combatants are expected be transferred to the nearest appropriate conventional component of the evacuation system.  Depending on the location that the SOF combatant is injured, this could occur anywhere between Level II and Level V.   In well developed theaters, the PJ or SOFME may transport the patient directly from the casualty collection point to a conventional field surgical hospital.  In some of the more remote locations that SOF forces operate, the AFSOC evacuation chain may provide care until the patient reaches a regional medical center.  Whatever the situation, the goal is to transport the patient safely to the nearest appropriate surgical care so that the AFSOC evacuation units can most promptly return to the fight.


The AFSOC evacuation chain has proven to be an efficient, small and robust system to best assure the injured SOF combatant is given every opportunity to receive appropriate trauma intervention when conventional evacuation systems are absent and/or not immediately accessible.  The AFSOC chain is not a substitute for the excellent conventional evacuation chain.  Indeed, the goal is always to deliver the SOF combatant as rapidly as possible into the conventional evacuation system so they will benefit from the most robust casualty care provided by that system.  The AFSOC evacuation chain’s mission is simply to provide quality trauma care while acting as a bridge to the conventional aeromedical evacuation system for the injured SOF combatant.
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Abstract


Maritime operations differ from land operations because the environmental conditions have a direct influence on the course of action. Extreme weather conditions, moving platforms, limited space aboard, great distances at sea, etc. are very challenging factors concerning the installation of an effective evacuation chain.


To guarantee a high quality of medical care – comparable to the results of medical treatment in Germany – every link in the chain has to be continuously monitored and controlled. The special structure of "command and control" in maritime operations needs additional consideration.


The operations UNIFIL and OEF are examples for flexible and sustainable results of the planning process.

German Navy – DEPLOYED worldwide 


The further away the German Navy’s operational forces are deployed from the dense, relatively reliable medical infrastructure of Central Europe, the more importance must be attributed to their medical component. An essential part is constituted by the Navy Rescue Centers (NRC) aboard the ships, which can at least in some areas take over the function of small, modern hospitals. Also effective medical assistance in far-away disaster regions can be provided by these hospitals.

The restructuring of the Bundeswehr Medical Service (as of 2002) was associated with a complete redesign of the Navy medical service. It now exclusively concentrates on providing medical care and support to the afloat and airborne units of the German Navy. In addition – also with regard to missions in remote regions - it should ensure medical support of the employed personnel in accordance with military requirements of the fleet, which is also in line with modern medical and pharmaceutical standards.

Trip of the German Task Group 2008

28 Jan 08:
FGS BERLIN close to the coast of Senegal: Appendectomy
9 Feb 08:
FGS BERLIN Congo coastline: Tubal pregnancy, released from task group for immediate 


transfer to Walvis Bay
11 Feb 08:
Walvis Bay: Patient undergoes operation in civilian hospital, afterwards 


STRATAIRMEDEVAC by Airbus
18 Feb 08:
Walvis Bay: Patient has an accident in Walvis Bay: T8 vertebra fracture: MEDEVAC by


Challenger


20 Feb 08:
Cape Town: Meniscal lesion of patient aboard FGS HAMBURG, MEDEVAC


26 Feb 08:
Cape Town: Adjustment disorder of crew member of  FGS HAMBURG, MEDEVAC


26 Feb 08:
Cape Town: Grand mal seizure of crew member of FGS BERLIN, MEDEVAC


10 Mar 08:
Cape Town: Clavicle fracture of crew member of FGS HAMBURG, MEDEVAC


12 Mar 08:
Cape Town: Military hospital: Surgery on crew member of FGS HAMBURG suffering 


from incarcerated inguinal hernia


21 Mar 08:
FGS BERLIN Indian Ocean between Cape Town and Mauritius: Operation of crew 


member of FGS KOELN suffering from infected pilonidal sinus


This eight-week period at the beginning of 2008 clearly shows the specific medical challenges that the officers of the ships and the ship’s surgeons but also the supporting agencies at home are facing when supporting and fulfilling the world-wide operational commitments. On the other hand it also shows the daily conflict between mission accomplishment and welfare of the own military personnel. Eventually it becomes clear that complex emergency situations evolving between the theatre of operations, host nation support and repatriation can only be managed if backed by a stringent system of interdependent processes that goes far beyond the possibilities of the medical section on board. In fact, availability and securing of the medical evacuation chain must be checked prior to each maritime mission nowadays. This article is meant to describe how the Navy and its medical service meet such challenges and on which concepts the Surgeon General of the Navy relies in a concrete scenario on board in an environment that is characterized by a difficult personnel situation, continually developing mechanization of medicine and legal conditions that correspond to civilian criteria.


Here, the point of departure is the guiding principle of the Bundeswehr Medical Service, which has for years been acknowledged by all armed forces: to guarantee medical care of all injured, wounded or ill military personnel on foreign deployment, the result of which corresponds to the standards in the home country.


Consequently this does not only apply to our soldiers stationed in Kosovo or at the Hindu Kush but also to the crew members on board a frigate in the Indian Ocean. The implementation of this guiding principle presents the Navy Medical Service with great challenges. 


The medical care of crews already starts prior to a mission and encompasses a large number of important preventive medical factors to protect the patient from diseases and health risks in the forefront. 


The medical personnel is subject to demanding civilian professional requirements


One of the Surgeon General of the Navy’s central efforts to ensure medical care on board lies in a the requirement-oriented training of the shipboard medical personnel. As in the past, the ship’s surgeon is the key member of medical service but the demands with respect to his qualification were considerably raised - partly also due to civilian regulations - to enable him to meet the comprehensive tasks he faces on board. Therefore the medical service officer undergoes comprehensive general medical training in Bundeswehr hospitals prior to his assignment on board. In addition he requires qualified expertise in rescue medicine. To be able to handle the special tasks in the field of maritime medicine, survival at sea, diving and hyperbaric medicine, aviation medicine and additional subjects such as otorhinolaryngology, dermatology and recently also gynecology, he attends training courses at he Naval Institute of Maritime Medicine or carries out practical training in hospitals. The institute is additionally equipped with a new “sick bay team trainer”, which simulates the environment of a Frigate 123 sick bay almost true to the original. It primarily allows for emergency procedures proficiency training of ship medical officers by means of a patient simulator.


Generally the prospective ship’s and squadron surgeons receive one additional year of training as compared to their colleagues from the Bundeswehr Joint Medical Service who serve in ashore assignments. Also the remaining shipboard medical personnel is subject to demanding civilian professional requirements. In their function as “MO assistants” the chief corpsmen are first of all trained as rescue paramedics and afterwards receive several months of intensive specialist training at the Naval Institute of Maritime Medicine. Here, a great challenge is posed by the comprehensive civilian standards, e.g. the Regulations on Medical Products Sale (Medizinproduktebetreiberverordnung), which apply without restrictions to the handling of highly mechanized medical equipment on board. So, for instance, the modern sterilizing equipment on board may only be properly operated if the operating personnel have attended an initial user training and completed a specialty course lasting several weeks as well as two months of practical training in a hospital to obtain the required qualification. 


The sick bays were adapted in terms of infrastructure and materiel


Also the sick bays were adapted to the changed medical standards, procedures and mission options in terms of infrastructure and materiel: The focus is no longer on the ship’s surgeons’ work in the northern littorals with corresponding land-based support but on medical care that goes as far as providing surgical intensive medical treatment in world-wide missions in an asymmetric threat scenario. This requires an expansion of the sick bay’s infrastructure, improved and optimized storage facilities for the steadily increasing quantity of medical supplies as well as medical devices and equipment that correspond to the medical standards. The sick bays of the class 122 and 123 frigates were designed in accordance with old construction regulations in terms of infrastructure and could therefore only be adapted to modern criteria as regards the equipment. The sick bays of the class 124 frigates and the combat support ships, on the other hand, represent a quantum leap: For the first time an intensive care bed for seriously ill patients is available. The new class 125 frigates and the third combat support ship will even be equipped with additional medical treatment facilities including a separate and sterile operating compartment. 


Over the last 20 years the frigates’ medical equipment has consistently been adapted to the medical progress and the treatment requirements on board. 


The equipment includes modern emergency resuscitators and inhalers, the Zoll M defribrillator, the PROPAQ patient monitor, pulse oxymeters, an infusion pump and a syringe pump, an electrocardiograph, medical suction equipment and electrosurgery devices. Furthermore, there are an anesthesia apparatus, an X-ray apparatus (C-Bow) and a sterilizer on board. This is complemented by the telemedicine / teleradiology equipment, the installation of which will have been completed in the near future for all frigate classes. 


A flexible range of recovery and stabilization devices such as folding scoop stretcher, poleless non-rigid litter, stretcher, Transaco stretcher with patient’s support and vacuum mattress allows for sufficient recovery and stabilization of injured persons and their rescue by helicopter (winching procedure) as well as safe lifting of injured persons on board. Also for treatment and diagnosis purposes a wide range of materiel is available. 


The stock of pharmaceuticals, dressing material and medical products, gynecological equipment as well as diagnostics and quick tests was standardized on all frigate types and is focused on the emergency treatment of injured patients without in any way neglecting the consultation hours for military personnel. Despite all improvements the Navy medical service is in a permanent race against the innovations in the field of medical technology. At present a new generation of X-ray and anesthesia apparatus for sick bays is being tested, and there are considerations to even provide a blood reservoir for special operations that are associated with an increased risk.


Onboard specialist sections for maritime operations off foreign shores without possibility for quick embarkation


Despite their far-reaching possibilities, the medical section on board requires advanced medical standards for certain operations. This mainly applies to maritime operations off foreign shores without the possibility to quickly disembark patients and admit them to local hospitals. Also for operations with increased risk potential an improved emergency surgical intensive medical component is essential. To this end the Navy has developed the concept of the onboard specialist section on board frigates and combat support ships. Due to the specific risk analysis they also partially perform urgent initial surgical treatment including post-operation intensive medical monitoring of the patients in addition to solely ensuring primary emergency medical care. Primarily based on the US experience in Iraq, the treatment principles and procedures of this surgical care are geared towards improving the chances of survival and recovery until clinical care can be provided. To this end, one anesthesiologist and one surgical specialist each and, if necessary, an intensive care specialist nurse support the ship’s surgeon in providing emergency medical care and initial life-saving surgical operations. In particular in Operation Enduring Freedom, German soldiers and foreign seafarers underwent a number of difficult and life-saving operations. To meet the current requirements as regards inter-theater surgery, standardized instrument sets, tailored to the needs of the surgical teams, were developed: Trays for wound care, abdominal surgery, amputations, trepanations and thoracic and vascular surgery. These sets are stockpiled as “auxiliary equipment for onboard specialist sections”. In view of the confined space on board, the difficult hygienic conditions and the lack of assistants, it is rather difficult for the specialists to perform complicated surgical operations. During the entire operating procedure, from preparation phase to actual operation, applying of the dressing and after-treatment, the surgeon for example has to perform or constantly check every move, every handing over of instruments and every suture himself. Furthermore, it is quite a challenge to integrate the onboard specialist section, who are mostly members of the Bundeswehr Joint Medical Service from Bundeswehr hospitals, into the routine on board as the personnel very often only has little maritime experience and is usually replaced in two-month intervals.


The navY Rescue CenterS constitute the clinical component

In addition to the capacities of the onboard specialist section, the clinical component in form of the Navy Rescue Center (NRC) on board a combat support ship is available for special missions. An NRC essentially consists of a double-deck system of 26 containers in front of the deckhouse, a ward comprising 43 hospital beds, which is located inside the ship and, last but not least, the actual sick bay. The available infrastructure includes three operating rooms, comprehensive laboratory facilities, a blood reservoir and an independent oxygen generating apparatus and air compressor system. Thus, high-quality primary surgical and intensive care of injured, wounded or ill seafarers can be ensured on board the combat support ship. Following an extensive test phase, the NRCs have been activated seven times since the early summer of 2002.


The personnel strength is up to 54 military medical personnel, including 12 physicians. 


When in homeport, the NRC is only manned with a support team. It provides for the materiel readiness of the pharmacy and the functional status of the medical equipment. Immediately upon allocation of specialist personnel, the NRC can be activated and clinically operated within a couple of days, if required even in foreign ports. Until the winter of 2004, only missions in the framework of Operation Enduring Freedom at the Horn of Africa were carried out. Then, in January 2005, the first large-scale operation of an NRC in a personnel and materiel composition modified for humanitarian aid followed off Sumatra’s north coast. In this tsunami-struck coastal region, also women, children and elderly people were treated on board, and several difficult operations were performed. Due to her special logistic capacities, FGS BERLIN also delivered multi-faceted humanitarian aid on site. After having returned from Indonesia, the NRC on board FGS BERLIN was re-activated in the autumn of 2005 to support a planned military evacuation operation of European citizens from the Ivory Coast for a couple of weeks in the Gulf of Guinea.


In 2006 and 2007 two UN missions off the Lebanese coast followed.


Again, multiple German and foreign military personnel as well as shipwrecked crews of merchant ships were given treatment.


STRATAIRMEDEVAC from foreign ports is an important element of the medical evacuation chain


As the earlier mentioned examples of repatriation of ill or injured soldiers from foreign ports show, the system of carefully coordinated medical treatment facilities and casualty evacuation means constitutes an important element of the medical evacuation chain. A crucial factor for the follow-up treatment of crew members in the home country is an effective STRATAIRMEDEVAC system, which was restructured in the course of the missions conducted. Also the Navy personnel to be repatriated are recorded in close coordination between the ship’s surgeon and the patient evacuation coordination center at Medical Forces Command and transported home by commercial airlines or military air transportation, according to technical and organizational criteria in coordination with the Command Surgeon, Air Transport Command [AECC]. 


Following primary medical care and stabilization in hospital, severely traumatized patients can be brought to their home country for definitive treatment in converted air ambulances (AIRBUS A 310 MRT MEDEVAC, CL 601 Challenger or C-160 Transall MedEvac). These aircraft can take off within 12 hours following the alert. Every year some 100 military personnel in the command of Flotilla 2 are repatriated from foreign ports for medical reasons. 


Principles of the Evacuation Chain in Maritime Operations

The interaction of the described links in the chain follows the same principles as in land based operations, but there are fundamental differences. The special quality of the environmental characteristics and the structure of naval forces require substantial preparation to create sustainable structures to meet the requirements concerning time and space. Two important facts dominate all activities aboard a warship – including medical concerns:


1. The Commanding Officer is the person responsible for the ship, personnel and effectiveness in operations. Therefore the final decision in any matter  affecting the operational process is made by him.


2. Medical care, treatment and evacuation always remain a national responsibility.


In peacetime the Commanding Officer will follow the recommendations of the ship’s surgeon in medical concerns, but in critical conditions it can be necessary to deviate from this general policy in order to solve problems with higher priority, e.g. damage control to stabilize the ship.


In multinational forces the participating nations successfully cooperate in medical concerns , but every nation basically has the right to deviate from this principle.


The complexity of an evacuation chain depends on many factors, e.g. size of the force, area of operations, etc., but the principles are always the same. 


An injured person aboard a warship will first be treated by the “organic” medical personnel of the unit, normally the ship´ s surgeon and his team (Role 1). Seriously injured persons have to be transported to the nearest facility where they can get surgery or intensive care, for example a Navy Rescue Center (Role 2) aboard a combat support ship or a hospital ashore (Host Nation Support, Role 3). This is the simple scenario.


In multinational forces consisting of multiple units the situation and organization can be more complex. If a disabled vessel with injured persons needs support, the Commander of the Task Group (CTG) will task the Staff Medical Officer of his “staff team” with managing the “medical part”. Depending on the capabilities of the force, he will activate medical support teams from the other units. These teams consist of 1 physician and up to 4 assistants and transfer to the vessel for triage and treatment. If  more than one team is available, the Staff Medical Officer will transfer the highest medical authority on scene to one of the physicians. This Medical Officer is responsible for the triage and medical treatment on scene. Following triage, the medical support teams prepare the injured for transportation and the Staff Medical Officer organizes and coordinates the transfer to the nearest appropriate facility for further treatment. The nearest appropriate facility could be a Navy Rescue Center (Role 2) aboard a combat support ship, a frigate with onboard specialist section (Role 1+), or simply the most suitable unit in the area where multiple injured can be treated. Last-mentioned units are referred to as “Primary Casualty Receiving Units”. Depending on the available assets, the next chain links in this example will be Role 2 or Role 3 treatment ashore as mentioned in the “simple scenario”.


It becomes obvious that communication and transportation are the “keys to success” in maritime operations. To establish communication via satellite or radio is always challenging, especially in a multinational environment. Depending on the weather conditions, transportation via helicopter or speedboat is often very difficult and dangerous.


UNIFIL


The medical concept behind the medical support of units belonging to the UNIFIL maritime task force basically envisages a purely national responsibility. Technical control of the medical personnel of the German UNIFIL forces is exercised by the Senior Medical Officer (SMO). In addition he is responsible for coordinating the emergency medical treatment of the entire task force and the follow-on treatment / casualty evacuation, if necessary also by making use of host nation support (HNS) and UN treatment facilities. He is in close contact with the Force Medical Officer (FMO) stationed in the UNIFIL headquarters in Naqoura, South Lebanon. 


Medical support of the Role 1 seagoing units is also ensured by the partner nations through the respective onboard medical service responsible. For this purpose there are medical sections on board the ships in accordance with the applicable organizational table. On board the boats there is an additional emergency medical care capacity in the form of embarked rescue paramedics. On board a tender (Navy replenishment ship) that is based in Limassol/Cyprus most of the time, a squadron surgeon regularly provides medical support to the crews returning to harbor and to the liaison detachment Limassol. Together with Scandinavian naval forces a logistics base was set up in the Limassol port area, where medical support is provided in close cooperation. The complete Role 3 support of the German and international sea and land-based forces is provided by the host nation support in Cyprus. The Cypriot health system can be described as extraordinarily efficient. A large number of well-trained surgeons and high-standard hospitals are available. As a result, ill crew members can also seek advice from accredited Cypriot medical specialists or specialized hospitals on a consulting basis. The STRATAIRMEDEVAC procedure, which is a national responsibility, is successfully performed via Cypriot airports. In the period between September 2006 and August 2007, a total number of 58 Navy personnel were repatriated to Germany for medical reasons.


In 2007 Operation UNIFIL started with an  evacuation chain architecture that was slightly different from the one that is used at present. There was a Navy Rescue Center aboard combat support ship BERLIN with a mobile Role 2 facility as part of the force.


OEF


The medical concept concerning Operation OEF is – in case of deployment of a German frigate- very similar to the current UNIFIL concept. There is a Role 1+ facility (ship´ s surgeon team plus surgeon plus anaesthesiologist) ready for action aboard this unit. Medical treatment Role 2 and Role 3 are available in the French Military Hospital Djibouti 


Presently there are no seagoing German units deployed at the Horn of Africa. Reconnaissance is done by a military patrol aircraft stationed in Djibouti. The first link in the chain in this special case is the French Military Hospital already mentioned.


Unique materiel standard among NATO navies

The operations conducted by the Fleet over the last couple of years involved a large number of challenging situations in the medical sector. The fact that these did not result in severe consequences is due to the efficient interaction of the factors mentioned in a complex joint system: the well-founded training and motivation of the onboard medical personnel, a reliable medical evacuation chain, medical specialist expertise, proactive preventive medicine, and the materiel standard of the sick bays, which is unique in NATO navies. Last but not least, also the ships’ command teams and the appointed commanders at home have recognized the special importance of their responsibility for the well-being of the crews and the resulting conclusions for medical support and consistently implement these.
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Abstract

Movement of highly contagious patients and persons is a phenomenon that has occurred throughout history with the mobility of military forces, exploration and trade. This article seeks to provide a short overview of the main considerations and how the risk of transmission of communicable disease and infection can be minimised, particularly in relation to air travel and Aeromedical Evacuation (AE). The paper sets out the general principles of assessing and dealing with the risks of transmission and contamination.  References have been carefully chosen and provide a wealth of detailed information.

1.0
INTRODUCTION

1.1
Examples from Antiquity


1.1.1
The ‘Plague’ of Athens

The potential for military personnel and civilians to become infected with a communicable disease and to spread this is well documented.  Thucydides provided an account of the Athenian ‘Plague’ of 430BC.  Although scholars continue to debate the aetiology and at least 30 causes have been suggested, one thing is clear - movement played an important role.  Those who moved from the countryside to the city were at greater risk of contracting the disease. Moreover the ‘Plague’ was thought to have originated in Upper Egypt and to have arrived at the Athenian port of Piraeus.1

1.1.2
The ‘Plague’ of the Antonines

The ‘Plague’ of the Antonines (also known as the ‘Plague’ of Galen) presents another example of transmission of a communicable disease involving the military and civilians.  According to Smallman-Raynor and Cliff 2 the ‘Plague’ lasted 15 years from AD 165 and is speculated to have been due to Smallpox.  Troops returning to Rome spread the disease to the civilian population and it subsequently spread throughout the rest of Italy and possibly to the Atlantic shore and the Rhine. 

1.2
Military Deployment in the 21st Century


1.2.1
Biological Defence


The scope of modern warfare and expeditionary operations is extensive.  Force Preparation requires adequate assessment of the risks to military personnel posed by both naturally occurring communicable diseases and the possibility of biological agents being used offensively either by Armed Forces or terrorists.  The NATO Handbook on the Medical Aspects of NBC Defensive Operations provides an ‘overview of potential biological warfare agents directed against human beings, problems that might be created during an attack in which a biological agent is utilized, and the current methods available to medical personnel for recognizing, preventing, and managing these problems.’ 3   The Handbook defines a biological agent as a microorganism (or a toxin derived from it) which causes disease in man, plants or animals or which causes the deterioration of material. The Handbook usefully describes the characteristics of biological agents which include infectivity, pathogenicity, virulence, and routes of transmission and possible dissemination.

1.2.2
Endemic and emerging communicable disease

The possibility of military personnel becoming infected with a highly communicable contagious disease has always to be borne in mind by the Chain of Command and military medical and Public Health staff and appropriate policy adhered to and implemented.  It is important to note that numerous epidemiological studies have suggested an upward trend in the reported incidence of emerging and re-emerging zoonoses in the last decade.4   The emergence of Severe Adult Respiratory Syndrome (SARS) in 2003 was a major international source of concern.  It was found to be due to a coronavirus that had not previously infected humans but which infected a range of animals - the masked palm civet was identified as the most likely candidate for having transmitted the coronavirus to the original cases of food handlers in Southern China.  

2.0 HUMAN MOVEMENT


2.1  Birth of The Expeditionary Spirit

Le Roy Ladurie has commented that the period from 1300 to 1650 was involved with the birth of the expeditionary spirit brought about by maritime endeavour and increasing navigation of the globe.5  Military, economic, and exploratory activities led to conquest, trade and travel and increasing interaction between different populations.  Communities which had no previous experience of the disease had no herd immunity at all and as immunologically naive populations were vulnerable to the rapid development of epidemics often with disastrous consequences.

2.2  Spread of Communicable Diseases 

Explosive epidemics occurred as a result of communicable diseases being carried from Europe and mixing of the populations of the Old and New World.  Syphilis, measles and smallpox were notable examples of diseases that were responsible for decimating communities.  The risk of this happening did not abate after 1650 and the case of the Smallpox Outbreak in Iceland from 1707 – 1709 is instructive as it was caused by artefacts rather than contact with an infectious individual. A native Icelandic seaman visited Denmark where he contracted Smallpox.  He was subsequently buried at sea but his clothing was returned to Iceland.  Approximately 25% of the island’s population of approximately 50,000 perished as a result.6

 2.3  Travel in the 21st Century

The threat of communicable diseases being transported to distant communities is even greater today as the potential for population movement has increased enormously with he need to control the risk of disease being imported into countries is at the heart of the WHO International Health Regulations.  This is particularly important as an individual may travel halfway around the globe, disembark at the destination and still be incubating a serious transmissible disease, but not be manifesting any clinical features to alert medical and Public Health specialists.  World travel demand is estimated to continue to rise from 33 trillion passenger-km in 2000 to 105 trillion-km in 2050 with developing nations contributing an increasing share of this.7

3.0 RISKS – TRANSMISSION/CONTAMINATION

3.1  Risk - considerations


Assessing risk should be done systematically – this is best achieved if key considerations are made explicit.  These include the:


· nature of the risk – what microorganism? what disease? what characteristics does it have?


· potential routes of transmission of the microorganism or toxin.  Green has summarised these in terms of spread in the aircraft cabin environment and has made  the important point, “with few exceptions, person-to-person transmission of disease occurs from people who are symptomatic.  This has important implications for passenger aircraft.”  The exclusion of symptomatic patients from the flight will avoid transmission if this is deemed the correct course of action and when this is not the case, infection-control precautions can be tailored to the patient’s symptoms, whether these are present prior to take-off or if they occur during flight.8

· populations at risk in terms of time, persons, place; military and civilian roles 


· probability of having been exposed

· probability of contracting the disease

· actions that can be taken to avoid or reduce the risk;


· assessment of whether simple practical solutions apply or there is a need for complicated and potentially expensive solutions to deal with the risk.  

It is important to indicate levels of uncertainty in providing answers to the above in order to gauge the risk

3.2  Risk – assessing every patient

In order to not miss cases that may pose the risk of transmitting infection (e.g.due to a wound infection) or a communicable disease, it is extremely important that clinical staff continuously consider these possibilities and particularly when patient movement is contemplated.  Protocols and checklists can be used as initial screening tools e.g. for symptoms and signs such as fever, cough, diarrhoea and vomiting, rash and bleeding, to identify relevant patients and minimise the risk of transmission.  With regard to the Royal Air Force, this is incorporated in Aeromedical Evacuation (AE) policy and supporting instructions.

3.3  Pathogens


3.3.1
Viral Haemorrhagic Fevers (VHFs)

VHFs are caused by a taxonomically diverse group of RNA viruses that have been isolated and characterised since the late 1960s.  They have probably existed for many thousands of years and continue to evolve in a variety of animal reservoirs, and can be spread by body fluids, aerosols, droplets, cadavers and clothing/bedding.  They are known as exotic viruses and are generally associated with high rates of morbidity and mortality.9  Trexler, Emond and Evans published details of a negative-pressure plastic isolator for patients with dangerous infections in 1977.10  The previous year, Clayton et al had published their findings of smoke pattern studies to elucidate airflow patterns in the C130E (Hercules) airframe followed by qualitative evaluation of the spread of non-pathogenic organisms in this airframe and the Boeing 707.11  The results revealed that contamination was shown throughout the whole of the C130E with venting to the fore on the flight deck, thus leading to the conclusion that a portable self-contained isolation unit must be used to transport a patient with a highly virulent dangerous communicable disease on this aircraft.  Although they concluded that placing a patient in the rear of the 707 was a possible strategy as long as the air conditioning was maintained, the World Health Organisation (WHO) advice is that the transport of VHFs from endemic to non-endemic areas should only occur in exceptional circumstances using high-containment isolators.12  Several military forces with responsibility for AE have pursued this line of development including the Royal Air Force 13 and the US Army Medical Research Institute of Infectious Diseases (USAMRIID). 14   IppolitoG et al have described the response model of the Instito Nazionale per la Malattie Infettive (INMI) at the Lazzaro Spallanzi Hospital in Rome.  They have reported that ,”for transportation of patients suspected to be affected by VHF or smallpox, two fully equipped ambulances are available with a sealed negative pressure section that is completely isolated from the other two sections (one for the driver and the other for the external staff).  The air is expelled outside through HEPA filters. The isolation section is minimally furnished and stripped of unnecessary devices; needed sharps can be easily removed and the interior is easy to decontaminate.” 15  

3.3.2
Tuberculosis


The emergence of multi-drug resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) has raised the profile of minimising spread of TB.  The World Health Organisation published guidelines for prevention and control in respect of Tuberculosis and air travel in 1998; the 3rd Edition was published in 2008, importantly taking account in Annex 1 of the revision of the International Health Regulations 1005 (IHR) which came into force in June 2007.16  Moreover the 3rd Edition provides “greater clarity in the definition of infectious index cases; procedures for the follow-up of contacts of infectious cases; and a more detailed definition of the roles and responsibilities of agencies involved.” The significant point is that, “available evidence indicates that the risk of transmission of M. tuberculosis on board aircraft is low and limited to persons in close contact with the infectious case for 8 hours or longer.”

3.3.3
Influenza and Severe Acute Respiratory Syndrome (SARS)

Unlike Tuberculosis, Influenza has the propensity to be transmitted with a much shorter contact time – in the region of one hour.  Marsden described the spread of an acute influenza-like illness (ILI) in workers returning by a BAe 146 aircraft (a 75-seat jet aircraft) to an isolated mine in north-western Australia.17  The index patient was identified as unwell by a mine supervisor but was allowed to board the plane.  Over the course of the next 3-4 days, 15 passengers developed an ILI.  It follows that beyond any problems experienced with airflow in the cabin in flight, if the aircraft ventilation system is not functioning or switched off as may occur during lengthy waits on the ground at an airport, the attack rate can escalate substantially.  With regard to Pandemic Influenza, transmission is likely to follow the main routes of travel and trade.18  Experience with the international spread of SARS highlights the potential and importance of air travel in the global spread of a highly communicable disease and the need to rapidly institute international collaboration and control measures.19  The Centers for Disease Control and Prevention issued guidance to assist air medical transport service providers in using specialized and/or specially equipped aircraft to transport SARS patients, while ensuring the safety of patients and transport personnel.  This was not aimed at generalization to commercial passenger aircraft.20.

3.2
Planes


In order to be able to assess the risk of communicable disease transmission/contamination it is necessary to understand the ecology of the aircraft cabin.  Withers et al have produced a highly instructive chapter on aeromedical evacuation of patients with contagious diseases and they deal in some depth with ventilation, air distribution systems and airflow patterns and specific airframes.21  It is of interest that high-efficiency particulate air (HEPA) filtration was originally introduced for removing tobacco smoke during air travel (there were commercial grounds for using recirculated air to the cabin to add to jet engine efficiency).  HEPA filters are 99.7% effective for removing particles 0.3 μm diameter.  Withers et al draw attention to the type and direction of airflow during flight having important implications for the spread of infection and state that, “in general, the circumperipheral mode is preferable to the longitudinal because it minimises aircrew exposure to contaminated air.”  Kelly has provided advice on aircraft hygiene and states,”all cleaning and disinfectant materials used on board an aircraft must comply with the Aerospace Material Specification (AMS) 1452 of the Society of Automotive Engineers to ensure they do not have a deleterious effect on the fabric of the aircraft.”22  This provides considerable restriction as many detergents and microbiocidal products are prohibited.  In this context the use of patient high containment isolators has advantages in substantially reducing the risk of contamination of the airframe.

4.0 POLICIES AND PROCESSES


4.1
National and international collaboration.

The formulation of effective national policy regarding the movement of highly contagious patients is dependent on international collaboration and the sharing of research findings and information.  Air travel has maximised the movement of humans around the globe and with it the potential for spreading communicable disease.  It is a good maxim to defer transfer of a patient until they are no longer infectious, however the clinical situation may not allow this.  If the decision is made to transport the patient, the policy must be to achieve biosafety containment and rigorous application of appropriate infection control measures.

4.2
Policy implementation and practice


As with any other area of specialist activity, policy needs to be translated into protocols and personnel need to be trained to ensure that they are clear about their roles and responsibilities and how these should be achieved.  This is particularly the case for personnel who may be called upon as part of an aeromedical isolation team.  The value of validated training and exercising cannot be over-stressed, particularly as the frequency of having to ‘do it for real’ may be measured in years rather than months.
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Abstract

Managing a critical care patient in the rotary wing flight environment is a unique and challenging experience.  As an example of joint medical support in our current theater of operations, United States Air Force (USAF) flight surgeons are currently flying on selected missions as physician medical attendants alongside United States (US) Army medical evacuation (MEDEVAC) crews, specifically working with flight medics to provide en-route patient care across the spectrum from stable to critical.  Air Combat Command (ACC) currently manages the USAF personnel for our deployed Expeditionary Medical Support/Air Force Theater Hospital (EMEDS/AFTH) system, including flight surgeon support to these rotary wing missions.  During a recent deployment to the Balad AFTH in 2008, we noted that the US Army flew an average of 331 patients per month by inbound and outbound helicopter transport.  Relatively few in comparison, an average of 9 patients per month, required the presence of a physician medical attendant.  Most commonly, medical attendants flew missions with Iraqi civilian patients who had a diagnosis of head trauma.  As we anticipate continued support by USAF flight surgeons in the future, our proposed concept is to add Rotary Wing Critical Care Knowledge and Equipment for Emergency Transport (ROCKET) capability to our currently deployed personnel.  The ROCKET concept is a standardization of training and equipment for USAF flight surgeons augmenting US Army MEDEVAC crews in rotary wing transport of critical care patients, thereby enhancing joint medical operations.  

1.0  PATIENT AIR EVACUATION OPERATIONS

1.1  Basic Types of Patient Movement [1]

Patient movement through increasing echelons of care has been generally described with the following categories (Figure 1):


· Casualty Evacuation (CASEVAC): Movement from point of injury to medical treatment by non-medical personnel.


· Medical Evacuation (MEDEVAC): Movement from battlefield to Medical Treatment Facility (MTF), or MTF to MTF (such as ship to shore) – en route care provided by medical personnel using equipped vehicles or aircraft.  


· Aeromedical Evacuation (AE): USAF fixed-wing aircraft, en route care provided by AE crewmembers and Critical Care Air Transport Teams (CCATT).

[image: image18.wmf]

Figure 1: Echelons of Care [1]

1.2  MEDEVAC current operations

The MEDEVAC rotary wing mission has historically and continues to be led by the US Army DUSTOFF aviation units, generally using the UH-60 Blackhawk helicopter configured for patient transport (Figure 2).  

As we continue to develop joint medical support in our current theater of operations, USAF flight surgeons are currently flying on selected missions as physician medical attendants alongside US Army MEDEVAC crews, specifically working with flight medics to provide en-route patient care across the spectrum from stable to critical.  As we look to the future of continued USAF flight surgeon support on rotary wing transport missions, we propose a formal standardization of flight surgeon training and equipment, as an added capability for our currently deployed forces.
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Figure 2: UH-60 Blackhawk configuration for patient transport


2.0  Expeditionary Medical Support

2.1  Overview of the Expeditionary Medical Support/Air Force Theater Hospital (EMEDS/AFTH) concept [2,3]

An Aerospace Expeditionary Force (AEF) is a package of aerospace capabilities that provides tailored forces to meet theater requirements across the full spectrum of military operations.  AEF forces respond to sustainment and crisis action contingency operations.  The Air Force Medical Service (AFMS) provides medical capabilities to the AEF identified in unit type codes (UTCs) to support needed requirements.  As such, medical UTCs are assigned and deployed as the mission dictates.


Regarding medical capability, the EMEDS/AFTH system includes the entire spectrum of health care in a theater of operations, to include deployment scenarios, war operations, deterrence and contingency operations, peacetime engagement, crisis response, and humanitarian relief operations.  Because the EMEDS/AFTH concept is designed to provide essential care, rather than definitive care in theater, timely aeromedical evacuation support is critical to mission success.  As part of this process, the USAF provides fixed-wing, common user aircraft for patient evacuation.  AE assets are postured to support casualty requirements. 

2.2  EMEDS transport capability [2,3]

Air Mobility Command (AMC) is the lead Major Command (MAJCOM) for AE and CCATT evacuation missions.  AMC provides forces and equipment to ensure personnel are organized, trained, and equipped to perform both inter-theater and intra-theater AE missions.  Although there remains significant overlap in patient care concepts between various aircraft types, there is a distinct need for EMEDS to have an inherent intra-theater critical care transport capability for patient disposition.  This is best achieved using rotary wing aircraft for missions of relatively shorter distance and duration as compared to standard AE missions.


Air Combat Command (ACC) is the lead MAJCOM for the EMEDS/AFTH Manpower and Equipment Force Packaging System (MEFPAK).  In this role, ACC manages the personnel for the deployed EMEDS, to include the physicians needed to support EMEDS based rotary wing transport missions.  

3.0  The Experience At Balad, IRAQ

3.1  Flow of patients

At the EMEDS/AFTH in Balad, Iraq, we received patients via Army MEDEVAC from other MTFs and from point of injury locations.  After evaluation and stabilization, US and Coalition patients were generally flown by fixed wing AE to Landstuhl Regional Medical Center, Germany, for further evaluation and treatment.  When medically indicated, they were then transported to their home country.

After evaluation and treatment, Iraqi patients admitted to the AFTH were discharged home or to other host national medical facilities.  Regularly, these patients required MEDEVAC transport to assist with patient discharge and disposition.

3.2  Patient demographics in rotary wing transport [4]


During our deployment from May to August 2008, the EMEDS/AFTH in Balad saw a total of 1325 patients moved by helicopter transport (both inbound and outbound).  This was an average of 331 patients per month, or approximately 11 patients per day moved by rotary wing through our facility.

In comparison, the number of patients requiring the presence of a medical attendant during transport was relatively few compared to the total number of patients moved.  To help describe this, we reviewed all rotary wing patient transfers with medical attendants from January to June 2008 and noted a total of 52 patients (average of 9 patients per month) were transported with medical attendants during this timeframe.  

Of those patients needing a medical attendant during transport, the most common patient status was Iraqi civilian, and the most common injury type was head trauma (Figures 3 and 4).  Other patient status categories included Iraqi police, Iraqi Army, detainee, and contractor.  Other injury types and mechanisms included non-head trauma, gunshot wounds (GSW), shrapnel wounds, burn, motor vehicle accident (MVA), and non-battle injury (NBI).  

Often, the flight surgeon or other medical attendant served to assist with the patient’s airway management (endotracheal tube and tracheostomy), equipment management (ventilator, suction, intravenous pump, and oxygen delivery), and administering medication during flight.
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Figure 3:  Rotary Wing Transport with Medical Attendants – Patients by Status [4]
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Figure 4:  Rotary Wing Transport with Medical Attendants – Patients by Injury Type/Mechanism [4]

3.3  Lessons Learned from experience at Balad [5]


3.3.1  MEDEVAC experiences


Our inbound MEDEVAC transports to Balad came from all directions, and reached as far to the North as Kirkuk, and as far to the South as southern Baghdad (Figure 5).  Routinely patients transported out of our AFTH were from the intensive care unit (ICU) or intermediate care ward (ICW) to other Iraqi medical facilities, often in the Baghdad area.  AF flight surgeons did not routinely perform point-of-injury extractions, although we were used at times to bring unstable patients back to Balad.
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Figure 5:  Map of central Iraq [6]

Handling a critical care patient in a MEDEVAC helicopter transport environment is a unique experience, and it differs from ambulance transport on the ground in several respects.  Often, transport time is extended and control of the work environment is more difficult as compared to ground movement.  Rotary wing transport also differs from fixed wing, large scale AE/CCATT missions, where multiple medical personnel are working together as a team.  In fixed wing aircraft, the flight environment is often more permissive regarding workspace, lighting, and equipment.  

The skill sets needed for effective rotary wing transport require training, planning, and preparation.  For the average deployed flight surgeon, the rotary wing flight environment is challenging and requires learning to function comfortably in a loud, dark, and cramped workspace.  Described below are some lessons learned regarding personal skills, patient packaging, and equipment preparation.

3.3.2  Skills/personal preparation lessons learned:


· 
Advanced Trauma Life Support (ATLS) competency and proficiency: in addition to course completion.  The attendant needs to be adept in patient assessment and ATLS skills.  Patient assessment in a sensory deprived environment is demanding.  For example, auscultation with a stethoscope is not possible during rotary wing flight.


· 
Pediatric Advanced Life Support (PALS) competency and proficiency: unfortunately in the deployed theater of operations, children are sometimes harmed, and require transport.

· 
Conscious sedation: understanding the use of sedative medications, both for maintenance and for acute treatment of the agitated patient, with attention to monitoring, airway and breathing control.  


· Safe approach to the rotary wing aircraft: with attention and clearance from crew chief or flight medic.  Once onboard, preparations should be made for personal equipment stowage, securing of the patient/litter, and seatbelt/harness locking for safe movement during flight.

· Remain flexible during transport in difficult situations such as: dealing with a combative patient (common with head injury), equipment malfunction (endotracheal tube dislodgement during loading/unloading, dead battery), loss of patient airway, and prolonged flight time (diverted, cancelled).  


· Consider how to communicate with aircrew during the transport: radio communication sometimes is unavailable, so written notes or hand signals may be needed.  When on the intercom, be deliberate, brief and aware of other conversations.

3.3.3  Patient preparation lessons learned:

· 
Patient packaging: understanding how to package patients for warmth and security.  How to effectively secure extremities, especially in the mentally altered patient.  Determine the direction of loading as this will establish configuration of the monitor, ventilator, and other equipment for viewing during flight.


· Secure IV access: for example, the IV hep-lock in the patient’s upper extremity can be difficult to reach if buried under blankets and on the opposite side to your seat.  Saline pre-flushed IV extensions attached to the outside of the patient’s blanket and marked with tape or small chem-lights are effective.

· Carefully secure the patient:  litter straps ideally are placed across the legs above the knees and across the chest at the elbow level, consider soft restraints to secure the wrists and ankles to the bottom handles of the litter.  


· Oxygen bottle placement: consider securing between the patient’s calves with the regulator toward  the feet.  The bag-valve-mask assembly can be placed under or next to the patient’s head, with the oxygen hose kept under the patient’s back and pre-placed on the oxygen bottle regulator port.  Consider oxygen and medication needs based on the patient’s use rate.  

· The EMEDS/AFTH staff (ICU/ICW) may not recognize the challenges of the in-flight environment.  They may need guidance for patient packaging and preparation for transport.  Confirm that the patient is prepared as you require.  Review the medical record and patient flow-sheets.


· Patient documentation:  it is helpful to have the narrative discharge summary, recent lab results, medication administration record, and recent vital signs flow-sheets ready to handoff after patient transport.

3.3.4  Equipment lessons learned (Figure 6):

· 
Allow adequate time to inspect flight equipment.  Some of our urgent transport requests came with very short notice.


· Personal survival equipment: preparation in advance and familiarity of equipment is important.  Check radio and battery, helmet, and survival vest contents.  Consider plans for crash recovery and injury and care under fire.  Practice aircraft egress, including working the windows and doors.  Ensure lighting is compatible for night vision.  Helmet lip lights and finger-lights are useful.


· Understanding medical equipment for use in the aircraft: troubleshoot your gear in the light to prepare for use in the dark.  Key items to assess are: Impact ventilator, Impact suction, Propaq cardiac monitor, IVAC IV pump, and Zoll defibrillator.  Ready access to trauma shears and a knife is recommended.

· Consider additional medical accessories such as: airway kit, medication kit (pain control, reversal agents, sedatives, anti-emetics, and epinephrine), finger tip pulse-oximetry, oxygen tanks (carbon-fiber bottles hold more oxygen and are lighter than steel cylinders), and a small overnight bag with personal items.
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Figure 6: MEDEVAC equipment commonly used by medical attendants [5]

4.0  Future Course of Action – PROPOSED way ahead


4.1  Preparing for future scenarios


Trauma patients brought to the EMEDS/AFTH during standard operations are evaluated, resuscitated (medically and surgically), and stabilized with a goal of long term recovery and safe transport.  During mass casualty events, patient volume drives the need for expeditious clearing of beds and disposition to other treatment facilities.  With the expectation of future surge scenarios, stabilized critical patients will require priority transport.  The need for short distance, inherent EMEDS/AFTH rotary wing critical care transport capability has become evident, for conflicts that our military forces face.


4.2  Capability needed


Given the current transport challenges, recommendations for future operations include :


· Prompt ability to transport critical care patients: multiple organ damage, immediate post-operative

· Assess and respond with resuscitative interventions in-flight


· Manage advanced patient equipment in-flight: cardiac monitor, advanced airway, ventilator, intravenous/intraosseous access 

· Communicate effectively in rotary wing aircraft with other aircrew

· Transport and care for patients under night conditions with limited lighting options

4.3  Rotary Wing Critical Care Knowledge and Equipment for Emergency Transport (ROCKET)


In light of the need for safe and effective critical care transport, our proposed course of action is to further develop and standardize the training and equipment for flight surgeon personnel serving as medical attendants. 

Our proposed concept is to add Rotary Wing Critical Care Knowledge and Equipment for Emergency Transport (ROCKET) capability.  ROCKET would be a UTC consisting of equipment and training, added to our currently deployed flight surgeon personnel.  This added inherent EMEDS capability could provide trained medical attendants for critical care patient transport out of the AFTH to nearby locations via rotary wing aircraft.  ROCKET would be separate from, and in addition to the existing AE mission, and could expand the EMEDS ability to clear patient beds especially during surge events.  The intention would be for ROCKET equipped flight surgeons to be MEDEVAC compatible, thereby enhancing joint Army-Air Force medical operations.

ROCKET could be established as a war related material (WRM) equipment and training capability, not a separate personnel UTC.  The required ROCKET training could be associated with existing flight surgeon UTCs (such as FFPM1 and FFDAB), as mission essential task training, and as an added requirement in the line remarks of the deployment orders.  The personnel utilized would be flight surgeons already deployed to the EMEDS.  Specifically, we suggest that the deployed senior aerospace medicine physicians (FFPM1) and EMEDS/AFTH based flight surgeons (FFDAB) would have ROCKET training added as a requirement.  Other deployed flight surgeons could have the training as a recommended option.  The required ROCKET equipment could be added to the EMEDS/AFTH equipment allowance standard as indicated by location and mission.

Other ROCKET options to consider might include a physician/medical technician team staffed from the EMEDS.  However, in the currently flown UH-60 Blackhawk configuration, there is only room for a single medical attendant seat in addition to the basic aircrew.


4.3.1  ROCKET UTC proposed training requirements

· Joint Enroute Care Course (JECC) - required

· Center for Sustainment of Trauma and Readiness Skills (C-STARS) - required

· Advanced Trauma Life Support (ATLS) - required

· Advanced Cardiac Life Support (ACLS) - required

· Pediatric Advanced Life Support (PALS) – required

· In-theater Army CSH medical attendant training equivalent - optional


· Operational Emergency Medical Skills (OEMS) - optional


4.3.2  ROCKET UTC proposed equipment requirements

· Flight gear: helmet, survival vest, flying equipment


· CCATT approved patient equipment: Impact ventilator, Impact suction, Propaq monitor, IVAC

· US Army MEDEVAC standard equipment set

5.0  Conclusion


Managing a critical care patient in the rotary wing flight environment is a unique and challenging experience.  As an example of joint medical support in our current theater of operations, USAF flight surgeons are currently flying on selected missions as physician medical attendants alongside US Army MEDEVAC crews, specifically working with flight medics to provide en-route patient care.  Our proposed concept is to add ROCKET capability to our currently deployed USAF flight surgeon personnel, thereby enhancing joint medical operations.
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ABSTRACT

Fixed wing aeromedical evacuation is one of the US Air Force Medical Service’s core competencies.  The vast majority of patients currently flown from Iraq to Germany (2184 miles), Afghanistan to Germany (3235 miles) and Germany to the continental United States (4042 miles) are cared for by a primary aeromedical evacuation crew comprised of flight nurses and flight technicians.  The enactment of the US Air Force Critical Care Air Transport Team (CCATT) program in 1996 created the capability to evacuate critically ill and injured patients safely over vast distances and allowed a transformation of military medical doctrine in the combat theater.  In 2005, 716 critical patient movements were completed logging over 11,000 hours of 
in-flight critical care.  The thoughtful selection, training and validation of CCATT members are key contributors to its success.

1.0
HISTORIC PERSPECTIVE

Historically, the US Air Force Aeromedical Evacuation system focused on the transfer of stable patients between military treatment facilities worldwide.  Physician involvement with the system and in-flight medical capabilities were limited.  At this time, US military medical facilities overseas and in the deployed setting were large in size and comprehensive in scope.  Critically ill and injured patients received care in place until their condition improved adequately for transfer or the sending facility provided a capable medical attendant to provide supplemental care during flight.  In response to the requirement to move critically ill and injured patients, the US Air Force Critical Care Air Transport Team (CCATT) pilot program was initiated in 1994.  In 1996, the program was approved and enacted.  CCATT acts as a supplementation package to the primary aeromedical evacuation crew.

[image: image5.wmf]

Figure 1: US Air Force Critical Care Air Transport Team patch


2.0
CRITICAL CARE AIR TRANSPORT TEAMS

Air Mobility Command headquartered at Scott Air Force Base, Illinois is responsible for administration of the CCATT program.   

2.1
Team Manning

Each three member CCATT is composed of one physician, one critical care nurse and one cardiopulmonary technician.  All members must be world-wide qualified for deployment, possess a secret level security clearance and meet the physical requirements to be an operational support flyer.  Eligible physicians generally completed residency training in critical care medicine, anaesthesiology, internal medicine, emergency medicine or general surgery.  In addition, nominees for all three team positions must have provided a minimum of 800 hours of critical patient care within the previous two years to ensure currency.  Nominees’ credentials are evaluated by a formal application process prior to selection of basic training.

2.2
Team Training


2.2.1
CCATT Basic Course

The CCATT Basic Course is taught at the US Air Force School of Aerospace Medicine, Brooks City-Base (San Antonio), Texas.  It is a 10-day course that is designed to prepare personnel assigned to CCATT to meet the wartime mission of caring for critically ill and injured patients in the aeromedical evacuation environment.  Students receive familiarization training with aeromedical evacuation aircraft, experience the stresses of flight, and receive critical care training as it applies to the AE environment. A detailed review of the CCATT mission, equipment, and organization is also presented.

International students are welcome at the CCATT Basic Course on a space-available basis.  Requests for training are made through the Security Assistance Officer (SAO) at the US Embassy (in most cases) in the applicant's home country at least 12 months prior to desired course entry. The SAO requests a course quota through Air Force Security Assistance Training Squadron at Randolph Air Force Base, Texas. 

2.2.2
CCATT Advanced Course [C-STARS Cincinnati]

The CCATT Advanced Course is taught at the Center for Sustainment of Trauma and Readiness Skills (C-STARS) located at the University Hospital Trauma Center, Cincinnati, Ohio.  During this 14-day course, students rotate in the intensive care units of the University Hospital, a multidisciplinary 18 bed unit with over 3000 patient encounters each year. They function as the primary providers for critically ill and injured patients under the tutelage of both civilian and military faculty.  The emphasis is on critical care and there are didactics on the air-evacuation system, flight simulator exercises and a field exercise involving a flight out of Wright-Patterson Air Force Base (Dayton), Ohio.  At the conclusion of the course, the faculty assesses each student’s suitability for deployment on a pass/fail basis.

2.3
Team Equipment and Supplies


The standard CCATT equipment and supply allowance is packed into 12 man-portable bags weighing a total of > 450 pounds.  Loaded onto an aircraft, it occupies 3-4 NATO litter spaces.  The equipment inventory is adequate to transport three mechanically-ventilated patients each with a Uni-Vent Eagle 754 ventilator (Impact Instrumentation, Inc, West Caldwell, New Jersey), a Ultra-Lite 326 suction (Impact Instrumentation, Inc, West Caldwell, New Jersey), an IVAC MedSystem III infusion pump (Cardinal Health, Dublin, Ohio), and a Propaq Encore 206 EL monitor (Welch Allyn, Skaneateles Falls, New York).  An i-STAT blood analyzer (Abbott Medical Diagnostics Products, East Windsor, New Jersey) is included to provide enroute arterial blood gas analyses.

3.0
SPECIAL PURPOSE CRITICAL CARE AIR TRANSPORT TEAMS


3.1
US Army Burn Flight Team


Since 1951, the US Army Burn Flight Team (BFT) has transported severely burned personnel to the US Army Institute of Surgical Research Burn Center at Fort Sam Houston (San Antonio), Texas.  Each BFT is composed of five personnel that are augmented as necessary based upon the number and complexity of burn casualties to be transported.  The team leader is a general surgeon experienced in burns, trauma, and surgical critical care.  The lead flight nurse is a critical care registered nurse with extensive burn and critical care experience.  A licensed vocational nurse serves as the second flight nurse on the team and a certified respiratory therapist with extensive experience treating severe lung disease and inhalational injuries provides respiratory care.  An operations non-commissioned officer completes the team, acts as the operations officer for the mission and assists the other team members as needed throughout the mission.  The rationale for a specialized BFT mirrors that use by burn centers themselves - burn patients benefit from specialized care delivered by personnel who work daily with critically ill burn patients.


3.2
Wilford Hall Neonatal and Pediatric Extra Corporeal Membrane Oxygenation Team

Wilford Hall Medical Center is the only extra corporeal membrane oxygenation (ECMO) center capable of providing global access to this highly specialized service.  In January 2008, Coppola et al published a retrospective review of the Wilford Hall experience since the initiation of the program in 1985.  During this period, 68 children underwent transport ECMO for an average distance of 1380 miles.  There were no deaths during transport and survival rate to discharge was 65%.  Transport ECMO was used to help children at non-ECMO centers with pulmonary failure who had not improved with inhaled nitric oxide and high-frequency ventilation.  It is often is the only option for children too unstable for conventional transport or those already on ECMO and requiring a specialized service at another facility, such as organ transplantation. 


3.3
LANDSTUHL ACUTE LUNG RESCUE TEAM

Critically ill and injured patients who develop acute respiratory distress syndrome (ARDS) may acutely exceed the support capabilities of standard CCATTs preventing evacuations to higher echelons of care.  To meet this wartime requirement, the LRMC providers created the Acute Lung Rescue Team (ALRT) in 2005.  ALRT facilitates the transport of ARDS patients who require urgent evacuation due to clinical or tactical conditions (i.e. cannot be maintained in-theater) and whose pulmonary dysfunction exceeds the oxygenation and/or ventilatory capacity of CCATT ventilators.  Under the guidance of experienced critical care specialists, implementation of advanced lung-support techniques and devices permitted the evacuation of ten ARDS patients who otherwise exceeded the capability of deployed in-theater assets.  Compared to other CCATT patients, ALRT activations required higher FiO2 (92% vs. 53%) and PEEP (19 vs. 6.5 cm H20) for support.

4.0
LONG RANGE AEROMEDICAL EVACUATION

In 2005, US Air Force CCATTs supplemented the primary aeromedical evacuation crew during 716 patient movements and logged more than 11,000 hours of in-flight critical care.  This accounted for <3% of total patient movements.  The preponderance of aeromedical evacuations is professionally performed by primary aeromedical evacuation crews comprised of flight nurses and technicians from the active duty Air Force, Air Force Reserves and the Air National Guard.  It is a true team effort to meet the challenges of transporting every US Soldier, Sailor, Airman and Marine home from their service to our nation.  This team includes CCATTs, aeromedical evacuation crews, validating flight surgeons, medical facility providers, ground crews, front-end crews and countless others from all coalition nations.
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Abstract 


The Royal Air Force moves 4300 patients annually from over 70 countries.  Reporting, assessing and learning from the incidents that occur within this global aeromedical system is important.  A Clinical Governance (CG) system to capture incidents, perform risk analysis and report trends within the Aeromedical Evacuation (AE) chain existed.  Current good practice within health systems was evaluated.  Problems within the AE CG process were identified.  New practice was instigated and assessed; Specific changes were made to the risk assessment process, particularly the analysis of root causes and identification of mitigation control factors.  Further development of the AE CG process is required to manage workload; the introduction of an electronic database could yield benefits in both training and reduction of workload.

1.0
INTROduction

The Royal Air Force (RAF) is the sole provider of Aeromedical Evacuation (AE) to the UK military and other groups of entitled persons, including foreign nationals.  Within the strategic aeromedical chain, 4300 patients are moved annually from over 70 countries.  A wide range of military and civilian aircraft types are used.  In-flight aeromedical escorts consist of qualified RAF regular and reserve personnel; the breadth of their medical, aeromedical and military experience and qualification is varied.  It is therefore important to report, assess and learn from incidents in this global aeromedical system.

2.0    BACKGROUND OF THE PROJECT


The Clinical Governance (CG) systems which capture incidents as ‘Significant Events’, and which perform risk and trends analyses within the strategic AE chain, HQ AIR Command and other military Areas of Responsibility (AOR), were examined.  Current good practice within the UK National Health Service (NHS) and other health systems was evaluated.     Problems within the AE CG process were identified, particularly with the reporting system.  New practice was instigated and assessed.

3.0
FINDINGS


A Clinical Governance (CG) process of ‘Significant Event Analysis’ existed to reduce recurrence of incidents (or the occurrence of a major critical event).  

3.1
Higher-level CG processes


The existing processes differed between AORs.  Various Command authorities sought ownership of content or process; there were no readily available solutions that satisfied all of the stakeholders.  Accepted definitions of the CG terms used were not readily available, and therefore were open to subjective interpretation; an obstacle to the overall process.  


The superior military Command authority required oversight of all event reports; compliance with this requirement was found to be poor.


3.2
Organisational and procedural challenges within the existing AE CG system


3.2.1
Definitions


There was a wide range of opinion as to what constituted a ‘significant event’, consequently the opportunity to capture frequently occurring minor problems, or examples of good practice were frequently missed.  The phrase ‘Significant Event Report’ prevented some individuals from submitting or investigating an incident, citing that the particular event was not ‘significant’.  

3.2.2
Coordination


Central co-ordination of the AE Clinical Governance (CG) process was not defined; within AE Sqn, a sub-ordinate CG flight existed, however these staff were active flying members of AE Sqn and therefore unable to progress reports as they were deployed globally on active aeromedical missions.

3.2.3
Ownership of process


Reported events originated from multiple AORs, and were submitted for comment to the strategic Aeromedical Evacuation Control Centre (AECC); this caused confusion in management and analysis ownership.  The AE CG process was manual – relying on word processing documents and email; there was no electronic database.  Reports were frequently lost to management follow-up as a direct result of confusion in ownership and the awkward nature of the manual system.  

3.2.4
Anonymous reporting


Anonymous reports were not being made; individuals submitting reports, and report reviewers required re-education to remove names of units, patients, clinicians and other staff from the body of the reports.  Reports were required to be anonymous so that identification of individuals could not be made. 

3.2.5
Report Analysis


No consistent analysis of an incident was present within the existing system.  Root Cause Analysis (RCA) is accepted as the process to learn from mistakes and mitigate hazards
.  RCAs were not universally being performed on individual reports, but most frequently were conducted later on the periodic trends analysis.  A detailed review of the periodic trends analysis report revealed that there were differences in the root causes of identified, compared to the original individual incident report.  Further examination of the documentation revealed that RCAs which were identified were frequently erroneous, confusing or misleading, depending on the experience or knowledge of the individual performing the analysis. 

3.2.6
Communication


Incident reports were not being communicated well to either aeromedical stake-holders or to Command staffs.  Individuals writing incident reports frequently commented that they had not been informed of report conclusion; Command CG staff noted a lack of receipt of individual incident reports.  Communication needed to improve; therefore a standard email distribution list for completed reports was established.  The distribution list used the aeromedical chain of command to disseminate individual reports and the periodic trend analysis to all aeromedical users, Command CG staff and other relevant stake-holders.  

3.2.7
Overall report completion


Completion of the entire process, from submission of an incident form, investigation, risk analysis (including RCA) and subsequent loop closing by feedback to all stakeholders was therefore very poor, this needed to be improved.

3.3
Procedural changes to the AE CG system


3.3.1
Report Administration


The incident form name was changed to ‘Incident and Critical Event Report’, to capture all incidents.  All individuals involved in AE were encouraged to submit reports.  Due to the high number of incidents reported, it then became difficult to identify particular events during discussions; the events needed to be serialised.  Serialisation was commenced from AE Sqn, CG Flt, however this proved difficult, as the members of CG Flt were on active flying status and frequently away from their desks; the serialisation process was subsequently changed to be controlled from the 24/7 Operations desk of the strategic Aeromedical Evacuation Control Centre (AECC).

Submitted reports were frequently lengthy in their description of incidents, duplicating a lot of information available elsewhere within the AE mission folder or route reports.  Writers of Incident reports needed to become more concise; a bullet point format for description of incident was introduced, to promote brevity and conciseness.  Incident and Critical Event Reports were also linked with their respective Route Reports, to reduce the amount of duplicate information. 

3.3.2
Risk Analysis and RCA


3.3.2.1
Overview


Identification of high impact or frequently occurring events was challenging, there was no scoring system or visual aid to indicate an events’ importance on the report.  There was no assessment of risk, other than that subjectively commented upon within the existing report.  A risk analysis system was adopted from the NHS Quality Improvement Scotland 2005, which was based upon AS:NZS 4360:2004 ‘Making it Work’ (2004); the steps involved in the adopted process are summarised in Figure 1, and detailed in Tables 1 to 4.

Figure 1: Overview of the steps involved in the risk analysis process
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3.3.2.2
Stepwise process – Step 1


The risk analysis process was broken down into steps.  The first step was to identify relevant affected domains, and select the impact consequence definition from the affected domain.  Table 1 shows the domains available; table 2 shows the impact consequence definitions for the domain ‘Patient experience’.

Table 1: Domains 


		Domain Title



		Patient Experience



		Objectives / Project



		Injury (physical and psychological) to patient / visitor / staff



		Complaints / Claims



		Service / Business Interruption



		Staffing and Competence



		Financial (including damage / loss / fraud)



		Inspection / Audit



		Adverse Publicity / Reputation





Table 2: Impact / Consequence Definitions

		Domain \ Descriptors

		Negligible


(1)

		Minor


(2)

		Moderate


(2)

		Major


(3)

		Extreme


(4)



		Patient Experience

		Reduced quality of patient experience / clinical outcome not directly related to delivery of clinical care.

		Unsatisfactory patient experience / clinical outcome directly related to care provision – readily resolvable.

		Unsatisfactory patient experience / clinical outcome; short term effects – expected recovery < 2 weeks.

		Unsatisfactory patient experience / clinical outcome; long term effects – expected recovery < 2 months.

		Unsatisfactory patient experience / clinical outcome; continued ongoing long term effects.





3.3.2.3
Stepwise process – Step 2


The second step was to decide upon the likelihood of recurrence, within the affected domain, if nothing was changed.  This was the recurrence likelihood category.  Table 3 shows the definitions of likelihood definitions.

Table 3: Likelihood Definitions


		Recurrence likelihood category

		Probability descriptor



		Almost Certain


(5)

		This is expected to occur frequently / in most circumstances – more likely to occur than not.



		Likely


(4)

		Strong possibility that this could occur - likely to occur.



		Possible


(3)

		May occur occasionally, has happened before on occasions – reasonable chance of occurring.



		Unlikely


(2)

		Not expected to happen, but definitely potential exists – unlikely to occur.



		Rare


(1)

		Can’t believe this event would happen – will only happen in exceptional circumstances.





3.3.2.4
Stepwise process – Step 3


The third step was to repeat the first two steps for each affected domain.


3.3.2.5
Stepwise process – Step 4


The fourth step was to plot the Impact / Consequences against the Recurrence likelihood, in a risk matrix; this gave an overall risk analysis of each affected domain.  Table 4 shows the Risk Matrix.

Table 4: Risk Matrix


		Recurrence likelihood

		Impact / Consequences



		

		Negligible


(1)

		Minor


(2)

		Moderate


(3)

		Major


(4)

		Extreme


(5)



		Almost Certain


(5)

		Medium


(5)

		High


(10)

		High


(15)

		V High


(20)

		V High


(25)



		Likely


(4)

		Medium


(4)

		Medium


(8)

		High


(12)

		High


(16)

		V High


(20)



		Possible


(3)

		Low


(3)

		Medium


(6)

		Medium


(9)

		High


(12)

		High


(15)



		Unlikely


(2)

		Low


(2)

		Medium


(4)

		Medium


(6)

		Medium


(8)

		High


(10)



		Rare


(1)

		Low


(1)

		Low


(2)

		Low


(3)

		Medium


(4)

		Medium


(5)





3.3.2.5
Risk Factor Scoring


It was noted that if each of the columns and rows in the Impact/Consequences and Recurrence likelihood definitions table were assigned a numerical value from 1 to 5 (with 1 denoting the lowest impact or risk), a risk score could be calculated from the factor of each figure.  The higher the Risk Factor, the more important the overall incident was to rectify.  These are the figures in brackets in tables 1 – 4.

3.3.2.6
Risk Analysis and RCA Summarisation.


The risk analysis was summarised at the foot of each Incident and Critical Event Report.  This resulted in an attention-getting, concise summary of the individual incident.  Root cause(s) were identified and a ‘Control Measure’ introduced, to mitigate the risk of each root cause from recurrence.  This ‘Control Measure’ was summarised in the written report within the Risk Analysis section of report.


3.3.3
Summary of updated AE CG process


The overall updated CG process within the AE system is summarized in Figure 2, with functional tasks.

Figure 2: Overview of the AE CG process with functional tasks
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3.3.4
Summary of updated AE CG process within existing higher-level medical CG process


The overall updated AE CG process within existing UK structure of medical Areas of Responsibility if summarized in Figure 3.


Figure 3: The AE CG process within UK structure of medical Areas of Responsibilities (AORs)
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4.0
DISCUSSION AND RECOMMENDATIONS


4.1
Higher-level CG processes

Differing CG processes remain in existence within UK Defence Medical Services, although the principals remain the same; there is no centrally provided process which is acceptable to the business model of all stake-holders.  Summarised incident information from other AORs can be easily transposed into the AE CR process.

4.2
Prioritization of effort

The changes have helped to prioritise workload of the Aeromedical Evacuation Control Centre and the CG process.  There is now a visual representation on every incident report; this has helped to concentrate work-efforts on incidents with particularly high Impact / Consequence or Recurrence likelihood scores.  Individual or systems errors can now easily be identified as root causes, and can be collated more easily on periodic summary trends reports.  Reports are no longer lost to management action follow up, due to the serialisation process; greater speed of the process could still be achieved.

4.2
Report writing training and policy documentation

Incident summary and descriptions remain problematic: frequently long prose is presented, which could be more concisely summarised; this would decrease report staffing time.  Training on the process is currently ad-hoc, and available only to those within AE Sqn, this could be formally introduced.  There is no formal documentation of the process within written AE policy or the AP 3394 – The RAF Manual of Aeromedical Evacuation; this should be updated to reflect current practice.

4.3
Benefits of thorough analysis

There are two approaches to the problem of human error: the person and the system approach
; both approaches should be considered when analysing incidents:  Analysis is required of the actions of individuals and the safeguarding system.  These actions alone are not sufficient to achieve a reduction in occurrence of error.  Individuals needed to recognise problematic patterns, by learning from the experiences of others’ (and be able to conduct remedial action before an error occurs); the safeguarding systems require constant review to improve safety.  In order to effectively reduce error, both of these areas needed to be addressed within the CG process.


4.4
Report processing


The benefit of learning from the experiences of others is yet to be fully realised; presently communication of completed reports and summary trends analysis occur on email distribution lists.  New aeromedical users are unable to easily benefit from recent experiences as emails are archived in a single location and inaccessible to global access.

The volume of incident reports which are now generated, places an increasing demand upon the manual CG process; given that the CG Flt are on active flying duty and frequently away from their desks, the increased workload, particularly for incident investigation and analysis has fallen to the AECC.  This demand of increased workload has exceeded available capacity; a system to reduce the burden of the paper-based system should be sought.  Arvanitis et al
 recognised the reduction in burden of introducing a web-based on-line Critical Event Reporting system to replace paper-based system.  They recognised the ability of such a system to deliver training needs analysis.  This is yet to be realised within UK AE Sqn induction packages or AE training systems.  An electronic AE CG system could realise further benefits from being linked to existing AE data and personnel.  
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Abstract 


Critical Care Air Support Teams (CCASTs) operate within the United Kingdom Military Aeromedical evacuation chain to transfer critically ill patients to definitive places of care. This paper summarises the oral presentation given to the NATO Human Factors and Medicine Panel meeting in Siegburg, Germany 2-3 December 2008.


1.0
introduction


The first use of air transport as a means to move patients is often stated as occurring during the Franco-Prussian war. The siege of Paris occurred in 1870 and many texts quote Dr HG Armstrong’s 1952 textbook on aviation medicine, stating that 160 patients were removed from the city by means of observation balloons. This would have been an appropriate, indeed the only, method of removing the sick safely to outside aid. Unfortunately this has been shown to be untrue. Although it would have easily been possible for the balloons to perform this function, in examining 167 actual documented flights between Sep 1870 and Jan 1871 it was shown that none carried any sick or wounded. Their main task was to maintain communications with the provisional seat of government in Tours and sixty were actually contracted and paid for by the postal service. 


The first reliably documented evacuation occurred in 1915 when an unmodified French plane moved Serbian or Albanian patients. The exact nationality remains unclear. The first recorded British aeromed flight occurred in 1917. This move reduced the patient transfer time from three days to 45 minutes when a Camel Corps soldier with an ankle injury was flown in a De Havilland (DH) 4 biplane to hospital in Turkey.


The first time the Royal Air Force (RAF) undertook a significant aeromedical evacuation (AE) was in Somaliland in 1919. The air ambulance was a DH9 modified to carry a stretcher and attendant, and though an experiment, quickly proved its worth. The red cross was draped over the stretcher-bearing section of the aircraft when a patient was being transferred. The fuselage opened coffin-style to allow the patient complete coverage with the attendant standing fore of the patient with his back to the pilot (Figure 1). 
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Figure 1. Modified DH9

Despite such early AE missions reducing the delay in reaching higher levels of care, most of the moves were over relatively short distances. The German Luftwaffe were the first to undertake AE missions which more resemble those of today. From 1936-41 the Luftwaffe flew missions of up to ten hours duration at heights of 18,000 feet in JU 52 Junker aircraft during the Spanish Civil War. 


The United States Military formed the first dedicated AE unit, the 38th Medical Air Ambulance Squadron in 1942. Using spacious transport aircraft (Douglas Skytrain and Skycraft) more than a million patients were returned to the US towards the end of WWII.


As technology improved driven by wartime necessity rotary assets became available. The first recorded AE mission using a rotary wing aircraft occurred in Burma in April 1944 using an R-4B Sikorsky helicopter. While slower than fixed wing aircraft, helicopters were irreplaceable during conflicts in jungles. The war in Korea saw the first major uses of helicopters for AE and the Vietnam war saw its development with the addition of continuing care to wounded during rotary wing flight.


1.1 Modern CCAST


In the modern theatre of war there is a pathway of treatment with initial “buddy care under fire” escalating through the regimental aid posts (Role 1 facilities) up through the field hospitals and eventually to the Role 4 facilities in the Home Nation. Air assets are used when clinical priorities necessitate a swift evacuation.


The Royal Air Force (RAF) operates a tactical Medical Emergency Response Team (MERT) that may augment the paramedic/nurse team with a doctor and evacuate patients from the point of wounding. Once advanced resuscitation and/or damage control surgery have been undertaken within the Role 2 or 3 setting, critically ill patients are returned to the UK using the Critical Care Air Support Teams (CCASTs).


At any time two CCASTs are immediately available for tasking. The in-theatre team (the tactical team) is used to move patients around theatre and the strategic team (based at RAF Lyneham, Wiltshire, UK) is tasked to return patients to the UK or other host nations. A third team is available at 6 hours should another mission be raised while the strategic team is tasked.
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Figure 2 Modern CCAST multi-patient lift onboard a C-17 Globemaster


1.2 Team Composition


The RAF provides the CCAST, which comprises of the following specialist personnel:


1. Two Flight nurses trained in intensive care, one of which is the Team Leader.


2. A medical devices technician to maintain the equipment.


3. A Consultant Anaesthetist (and often a trainee anaesthetist) 


4. A Flight Nursing Assistant (FNA) who assists with patient interventions, patient transfer and logistics. 


Whilst each individual member has a specific role, the strength of the team lies in the flexibility with which the critically care trained team members cross-cover each other. This is particularly important in reducing the fatigue associated with long transfers. Additional members from each trade may compliment and ‘up-rate’ the team in order to provide practical training and support. In this way the above team may collect additional patients upon arrival into theatre, as shown in Figure 2, which may have been generated while the team was already in transit.


1.3 Training


Each member of the team undergoes specific training according to his or her trade. For the Medical Staff this involves Aviation medicine and for the medical, nursing and equipment technicians there is an intensive, 2 week training course on the equipment used in-flight. All trades undergo a course in aeromedical evacuation whereupon each trade learns the duties of the others. This covers the administrative and safety aspects of missions including aircraft familiarisation and emergency drills. This is particularly important in team building.


The medical and nursing staff split their time between periods of CCAST duty and work in Ministry of Defence Hospital Units (MDHUs). These are hospital wings attached to National Health Service (NHS) district general hospitals. In this way clinical skills are maintained at a level where the CCAST can deliver critical care, during a transfer, at a level expected in the NHS. This is particularly important for the medical staff as they are also tasked with other anaesthetic/critical care duties when deployed. 


1.4 Equipment


Suitable equipment is central to the operating capability of CCAST. For the RAF, this equipment needs to be portable and independent of aircraft power and oxygen supplies. This maintains the maximum flexibility that allows a high level of patient care to continue in the face of unexpected changes in route and aircraft serviceability issues. A rolling system is used whereby equipment is stored in modular form to allow a second strategic team to operate independently of the first team. A typical set of kit for a single patient transfer weighs in excess of 500kg. Twenty four hour batteries are used to allow the ventilators and monitors to work independently of the aircraft power system. All equipment has to pass stringent air-worthiness checks.  These assess the equipment for its potential to interfere both physically ( eg chemicals) and electronically (eg radio waves) with the aircraft. While this is clearly important it can have the effect of delaying the introduction of newer pieces of kit. The additional stresses of flight and field conditions place extra demands upon the kit, dust and extremes of temperature being particularly damaging. Dry ice packs are carried to reduce the heat stress on the monitoring equipment and ventilator.


Civilian standards for patient transfers are aimed for in many respects but certain environmental differences ensure that enhanced vigilance is important at all times. For example in the noisy environment of an aircraft the clinician cannot rely upon audible alarms. Visual signs may be difficult to elicit in a poorly lit cabin or particularly in tactical darkness. Vibration and the electromagnetic fields of aircraft equipment may cause monitoring artefacts.


1.5 A typical mission


Pre-activation- Normal daily activities


Zero hours- Activation of team


03 hours- Arrival at departure airport


05 hours- Take-off


13 hours- Arrival at refuel point


14 hours 20 mins- Take off


16 hours 45 mins- Arrival at destination and emplaning of patient


18 hours 15 mins- Take off


27 hours 15 mins- Arrival at UK airport. Load to road ambulance


27 hours 50 mins- Arrival at Role 4 hospital


28 hours 50 mins- Patient care handed to receiving doctor


29 hours 30 mins- Return to unit


31 hours 30 mins- Arrive at unit


33 hours- Stand down from task 


1.6 Airframes

Assets available to the RAF at present are as follows:


1.6.1 Boeing Globemaster C-17


This is the latest addition to the RAF’s Air Transport (AT) fleet. This platform was initially leased from the United States Air Force (USAF) but the RAF has now owns all the C17s it uses. This has had an impact on how we operate, specifically in regards to how patients are loaded onto the stretcher stanchions. We use a multi-point harness that is tested to 9G with the patient in a head-first position. The position of the emergency oxygen fittings have, however, resulted in a feet-first loading pattern. There are 2 avenues that we currently exploring in order to overcome this problem.


This aircraft’s huge load capacity allows us to carry CCAST and AE patients alongside cargo and passengers. Where other passengers are carried, privacy is maintained with a curtain fit which is about to formally enter service.


While the C-17 is equipped with power outlets and liquid oxygen (LOX) these are not utilised by the CCAST in order to maintain our independence from external sources. 


1.6.2 C130 J/K Hercules


The Hercules in its many variants has been a major workhorse of the RAF AT fleet and whilst still heavily tasked is also used for tactical patient moves by the CCAST. The noise levels pose additional problems especially for team communication. A communication solution for the team is being evaluated at present.


1.6.3 VC-10


The VC-10 remains the fastest passenger aircraft in-flight today following the removal of Concorde from service and it is still used in certain areas of the world. The narrow width of the aircraft can make emplaning patients difficult but all-round access can be achieved with a centre fit and removal of the surrounding seats.


1.6.4 Tristar


The three different variants of Tristar (C1, C2 and KC1) have DAS and are currently used by CCAST, principally as Other Flights Already Tasked. The stretcher fit allows excellent all round patient access and a privacy fit allows patient care to be undertaken with passengers on board.  


1.6.5 Civilian platforms


When necessary, the RAF can use civilian air ambulances/private jets/commercial flights to meet its strategic requirements.


1.6.5 Rotary Assets


This short review deals principally with strategic CCAST, however MERT in Afghanistan use the Chinook, while patients are moved in Iraq using the Merlin and Puma platforms. 


2.0 The future


Given the high tempo of operations, the support of exercises around the globe and the continued commitment to the repatriation of sick or injured entitled civilians (eg government employees stationed overseas) the requirement for a CCAST capability will not cease.


CCAST needs to be responsive to the changes in battlefield injuries and at all times remain flexible in its approach. Factors such as Clinical Governance continue to drive forward excellence in the care we provide. As the numbers of consultants increase, we have the opportunity to look to the future and ensure our standards of care remain high and, if possible, the best. We continuously look to improve our equipment and training but in the immediate future we are looking specifically at research in order to provide an evidence base to further improve care and delivery of it.


2.1 Research


There are currently two main areas of research interest: fatigue and feeding.


2.1.1 Fatigue


Crew Resource Management (CRM) is an essential component of aircrew training and within it lies the recognition of the effects of fatigue on performance impairment. While there are strict regulations covering the number of hours aircrew can work, this has not yet transferred to the CCAST environment. Indeed frequently CCAST missions are extended due to the requirement to change aircrew. This is being addressed in two main ways. Firstly since the first Gulf War in 1991 there has been a progressive expansion in staffing levels, particularly of medical staff. This has allowed the frequency of duties to be reduced. Trainee medical staff  are now a routine part of the team as are two members of nursing staff. Secondly there is a research study about to commence specifically looking at the impact of fatigue on clinical judgement and capacity. This is being driven by Clinical Governance and undertaken through the Centre for Aviation Medicine in order that we may see if there is evidence of a decrease in performance, specifically, of medical staff working with critical care patients in the rear compartment of an aircraft.


2.1.2 Feeding


There is an ever-increasing recognition of the importance of early enteral nutrition and its potential to improve patient outcome following major trauma and burns. At the present time we are not feeding CCAST patients in-flight. The intention is to start enteral feeding (via the naso-gastric route) at the Role2/3 setting in theatre and continue this throughout AE back to the Role 4 in the UK. There is however the concern that CCAST patients may be at an increased risk of micro-aspiration and hence the development of nosocomial pneumonia. This increase in risk may arise from the inability to raise the patient’s head (due to the stretcher harness and any spinal injury) and due to stresses of flight (“G” forces, coarse and fine vibration and the effects of barometric pressure on air filled spaces – endotracheal cuffs and the gastrointestinal tract.) In order to determine if CCAST patients are at any increased risk of micro-aspiration we aim to assay tracheal aspirates for pepsin. This will allow samples taken as part of routine clinical care to determine whether we can safely feed patients during transfer. If deemed safe to start feeding, we intend to repeat the study to determine whether there are any additional risks posed by the feeding itself.


2.1.3 Audit


A redesign of patient observation and note-keeping charts will allow us to audit aspects of our missions not previously available to us. This can be used, as always, to feedback and further improve the patient’s care. 


2.2 Equipment and Training


2.2.1 Equipment


New and, usually, better equipment is continuously appearing on the market. Our job is to identify our patients needs and see if any new equipment fulfils these needs but with, for example, improved battery life, a lighter weight, more robust or is easier to maintain. Ideally we would like to achieve equipment parity between all 3 sister services, in all specialities. 


2.2.2 Training


We strive to give the best patient care but now, with yearly appraisal and 5 yearly revalidation having been recently introduced to the UK, we are obliged to provide documentary evidence that we are competent to give that best care. With this in mind we are introducing specific training requirements (these are simply an amalgamation of those which already exist but are not part of a complete package) for both generalists and specialists. As these competencies are achieved they are subject to refresher training. Part of this will involve high fidelity manikin simulators placed in realistic aircraft simulators with scenarios based on previous CCAST critical incidents.   


3.0 summary


The CCAST is a specialist, highly mobile team which has the capability to provide critical care, to a level expected in the NHS, for multiple patients. At the end of the ‘Cold War’ it grew from the fundamental change of moving patients, for definitive surgery, away from the area of conflict rather than treating them ‘in-theatre’. It continues to adapt to new treatments, procedures and equipment enabling it to transport sick patients even more safely and better transport patients who would previously have died of their wounds. Furthermore, it uses data collected from patients and the ‘incident reporting system’ to audit the whole process and endeavour to build safety into the system and become the basis of the way we work.
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This Technical Evaluation Report summarises the proceedings at the Specialist Meeting 157, Medical Challenges in the Evacuation Chain. The presentations at the meeting gave a comprehensive insight into the present state of casualty treatment and patient evacuation in NATO and Coalition operations. After fundamental changes over the last decades, the medical support system is now relatively lean, with focus on early, sophisticated resuscitation and damage control surgery, followed by fast patient evacuation back to definitive treatment and recovery in the home nation. This development poses challenges to all stages of the patient evacuation chain, both in terms of availability and capability. The report draws conclusions with respect to the need for coordination and cooperation between NATO-countries, and makes recommendations for future efforts to this effect.
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