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ABSTRACT

The severity of accidental hypothermia may be divided into 3 treatment classes related not only to core temperature alone but also to the clinical condition. The mild group is below 35 oC but awake. The moderate group is below 32 oC and unconscious. The severe group is also below 32 oC but the circulation is collapsed. All groups must be protected against further cooling. Only the moderate and the severe group demands intensive therapy but also examination for other competitive illnesses. Now and then the moderate group can warm up by itself but it may be needed to make an active warming with warm water in pleural drains. The severe group demand prompt HLR, and as soon as possible extra corporeal circulation ECC with warming of the blood. In case of signs of deaths specific for the hypothermic victim it should not be started. ECC may soon be possible in a field hospital using a small portable heart lung machine and telemedicine.

1.0 Introduction

Accidental hypothermia may be dangerous and a challenge even in a university hospital. Most organ systems are affected by hypothermia including circulation, coagulation, and neurological functions (1). Metabolic acidosis due to poor peripheral circulation may contribute to coagulopathy (2). If the hypothermic victim has preexisting cardiovascular, respiratory and renal diseases the treatment can be very difficult. An often seen problem in the hypothermic victim is intoxication with alcohol or drugs, which may blur the clinical picture of the patient even more. It some cases it can be difficult to decide if the person is alive. There are several papers demonstrating survival of apparently dead persons (3;4). Most reports of remarkable survivals were after extra corporeal circulation (ECC) using a big immobile heart lung machine, but nowadays smaller commercial portable systems for ECC have be developed. 

What we normally call for reliable signs of deaths can’t be used in the hypothermic. Cool induced symptoms may be mistaken for rigor mortis and post mortem lividity, and even asystole may be a fake. Reliable signs of deaths in a hypothermic person are great lesions, cadaverositas or plasma potassium above 10 mmol/l. On the other hand hypothermia may protect the person for hypoxic injuries. At a body temperature of 20 oC oxygen consumption is only 20% of the consumption at 37 OC. To determine body temperature is not as simple as just referring to core temperature, since temperature may vary considerably around the body even in so called controlled hypothermia during operations (5)
All these considerations could lead to the conclusion that treatment of the hypothermic in remote areas is impossible. 

Our first approach to the treatment of accidental hypothermia was dealing with victims rescued mostly from water by our search and rescue (SAR) helicopters in Denmark. Our country is surrounded with cold water. Greenland is under our responsibility and here the temperature and distances are much more extreme. 

About 10 years ago a group of doctors in the Royal Danish Air Force (RDAF) started different research works on the treatment of the hypothermic victim with the intention to make it as simple as possible and to suggest methods to examine and treat the hypothermic victim without transferring the person in a dangerous situation.
Our goal was to build a specialized team that can help other hospitals in the treatment of accidental hypothermia. The help may be only telephonic advices or we may turn out to the patient and treat him with a portable system for re-warming. If our SAR service is the first to treat the patient it will be started as for all other patients in the helicopter according to ATLS guidelines and the patient will be taken to a facility capable of treating accidental hypothermia. We have co-operation with our neighbour countries as can be seen at www.sarrah@de
NATO soldiers are often serving in remote areas in cold environment. If it is necessary to treat a hypothermic victim in a field hospital, we consider it possible even in severe hypothermia, but it requires a minimum of equipment and a systematic way of treatment. Many of the methods we use can be used also in a field hospital.

2.0 Methods

2.1 A mobile system for ECC treatment

Our first research in accidental hypothermia was aimed at the equipment for ECC. As in many of our trials we used anesthetized pigs to test different setups for a mobile system for ECC (6). It was possible to reduce the weight of a traditional heart lung machine from 400 kg to 40 kg. A number of pigs attended the study as volunteers with the purpose of improving the system for transferring patients treated with ECC in ambulances and in helicopters. At the same time systems for totally biocoated tubes were developed, making it possible to treat a hypothermic trauma patient without heparin. 

Since 2004 we offered a turn out team for the treatment of accidental hypothermia. The turn out system works with collaboration between the Royal Danish Air Force; Falck´s rescue service and Aarhus University Hospital in Aalborg, Denmark. Our motto is that the patient may be too bad for transportation which the turn out team may not be. 

Since debut of the arrangement we improved our systems. As various problems rose it stimulated us to carry out new trials. 

2.2 Asystole or low voltage in deep hypothermia

More than once we had success in treating a hypothermic victim despite of no signs of life and no electric ECG activity with ECC and warming. According to Guidelines 2000 for Cardio Pulmonary Resuscitation it might be necessary to use needle electrodes to detect ECG signals in the hypothermic victim (7).The rationale was taken for an idea of very high impedance in the badly perfused skin in severe hypothermia, and so the needles should make contact to the electric impulses. If detecting electric activity it should encourage continuing resuscitation. A company made needle electrodes for us, but we never detected any electric activity. We found the guidance doubtful and started a new animal trial. A problem was to simulate a situation comparable to a hypothermic victim with very cold skin and a relative warmer internal without killing the animal unintended. It was well documented what happens to the ECG in hypothermia down to around 27 oC  in experimental animals but at lower temperatures it is difficult to keep the animals alive (8;9). It is possible to examine patients undergoing operations in deep hypothermic circulatory arrest using extra corporeal circulation (ECC), but the circumstances when dealing with an accidental hypothermic victim are normally complete different. The accidental hypothermic victim will normally have a very cold skin and a warmer body core, while the ECC induced hypothermia results in a cold core with warmer skin. 

To simulate the hypothermic victim as we normally se them we used anaesthetized pigs (~90 kg).
An extracorporeal circuit was established between the right jugular vein through a 29 French  triple stage catheter (Edward Life Sciences) and the right carotid artery through a 5,2 arterial needle (Stökert Institute, Munich, Germany). The circuit contained a centrifugal pump (Rotaflow, Jostra AB, Germany) an oxygenator and a heat exchanger.  The pigs also underwent a sternotomi to make it possible to perform ECG measurements directly from the epicardium and to visually inspect the heart. 

To simulate the clinical situation with cold skin and extremities but warmer core temperature, the pigs were placed in ice water after starting the ECC. The core temperature was defined as the temperature of the venous blood drained to the ECC. By using a heat exchanger the core temperature was kept normal while decreasing the skin temperature. After initial measurements with normal skin temperature and warm core the skin was cooled gradually in the ice water. To test effect of needle electrodes under extreme conditions the skin around the electrodes using was cooled further below the freezing point using a modified CO2 fire extinguisher. The next step was cooling of the blood to gradually reaching a core temperature of approximately 12 degrees. 

Finally, in all pigs, the animals were removed from the ice water and rewarmed using the heat exchanger. The warming was performed with a maximum gradient between the drained and returned blood of 10 oC. The returning arterial blood never exceeded 35 oC. Once the pigs returned to normal core temperature, they were weaned from ECC if possible and then euthanized by an overdose of pentobarbital. In the cases where a pulse generating rhythm did not return they were euthanized directly.

During the whole experiment ECG were measured with ordinary surface electrodes, with needle electrodes through the skin at the extremities and with pacemaker electrode leads sewn on the epicardium at the right atrium and at the apex of the heart. ECGs were amplified and filtered using special equipment.

Our results showed that needle electrodes are of no value. As temperature falls the ECG shows decreasing voltage of the electrical impulses from the heart. It is better to enhance the augmentation of the ECG. The most resistant part of the heart is the sinus node, and the p-waves can be seen down to around 18 degrees (fig 1). There were small changes in skin impedance but this could not justify the recommendation of needle electrodes.

We cooled the pigs as low as to 12 degrees Celsius where we could detect no electrical activity, but when re-warming the animals they regained ECG. The first part to return was the p-waves, and more of the pigs could be weaned from ECC. The results were presented at the 31st Annual Meeting of Computers in Cardiology, 19-22 September, 2004, Chicago, IL, USA. In guidelines 2005 for Cardio Pulmonary Resuscitation the instruction of using needle electrodes was withdrawn. We presented the results last year i European Journal of Emergency Medicine (10).
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Figure 1: The relationship of the amplitude of the main ECG components and impedance with temperature
2.3 A new classification of hypothermia severity in


  “Warming patients using warm water pleural lavage”

When dealing with hypothermic persons we wanted to classify them in a way correlated to the need for treatment. Not all patients need re-warming, at especially not by ECC. And some persons may even be dead and beyond a chance for resuscitation. 

Traditionally, one divides the levels of severity in hypothermia into severe, mild and moderate groups, based upon the core temperature alone, typically with limits of 28, 32 and 35oC. However, it is not temperature alone that determines the patient’s need for treatment. We choose to classify the groups so that the clinical conditions and temperatures are combined. This makes it easier to define the treatment that is indicated. 
We have decided to use the following classifications for the different treatment groups:

The mild group: The core temperature is less than 35oC without a lower limit, but the patient is awake and there is peripheral circulation. This patient can be warmed up externally using warm air, possibly a warm bath or warm drinks.

The moderate group: The core temperature is less than 32oC, the patient is unconscious and there is poor peripheral circulation, but the heart rhythm is stable. This patient must be intubated, ventilated and very often actively warmed up. Most of our patients in this group are found outside with miserable skin circulation. For warming we prefer central warming and no active warming up of non circulated areas. We most often use pleural lavage with warm fluid, but also have the possibility for using extracorporeal circulation in case of loss of circulation. 

We admit that central warming may be unnecessary in persons found with preserved skin circulation as it is often seen in persons found indoors often with pre-existing diseases or intoxication. Often they can warm up by them self or with external warming with heat air blankets. There are other challenges in treating this type of patients. In a field hospital this is not what we normally se when dealing with our soldiers.

The severe group: Deep hypothermia: The core temperature is less than 32oC and the circulation is collapsed. If this patient is to be helped, we use extracorporeal circulation (ECC) and blood warming with  cannulas inserted into the groin. The patient receives CPR until then but is not warmed up peripherally. We allow the patient to remain at the primary hospital and we carry our mobile equipment to the hospital 

.

The new classification was published first time in 2006 in a publication dealing alone with patients from the moderate group treated with warm water pleural lavage, which can be done in all hospitals capable of inserting a chest tube (11). Of course we are dealing with patients in a very risky situation and many complications may accompany the treatment. Until now we treated around 20 unconscious hypothermic patients with warm water pleural lavage, but only once we experienced a situation, where the patient deteriorated with heart arrest during the procedure. He was rescued by the mobile HLM. We think it is wise to use as less invasive methods as strictly indicated.

2.4 Equipment and technology improvement

Since we started to use a mobile HLM several commercial systems have been developed. Due to enormous research ECC can be performed in many variations with much less side effects on coagulation etc. This has added new indications for ECC and increased industrial interest in developing and selling equipment for ECC. Last year Lancet published a work from Taiwan, where prompt use of ECC as a part of resuscitation after intra hospital heart arrest doubled the survival (12). We are aware of a patented Danish HLM weighing only 5 kg, capable for use in most emergency situations. We have no financial interest in the project but for more of our trials we have tried the system. It will probably be equipped with a lot of automatism and possibility for data transmission via internet or phone for remote guidance.   

3.0 Discussion
Many of our own soldiers suffering hypothermia may me be found after combat casualties. The case may be complicated with more simultaneous life threatening injuries. Even mild hypothermia can be a major problem because of coagulation disorders. The most frequent reason for coagulation disorders in a trauma patient is hypothermia, and the problems starts already below 36 oC (1). This is a very important reason for protecting our wounded soldiers from hypothermia.

We are sure that some of the patients we treated for hypothermia in peacetime in Denmark after trauma became hypothermic after hospitalization, some of them even after start of prolonged opera​tions where bleeding gradually became the major problem. It is generally assumed that is very seldom to se a multi traumatized victim survive if temperature drops below 32 oC, even though we had success with one multi traumatized  at 30,2 oC with pleural warming after transfusion of 60 units of blood (11). There are good reasons for protecting all patients from accidental hypothermia using conventional methods as blankets and only warmed i.v. infusions. But now and then active warming is indicated. We can see now reasons for not using our methods when treating victims from cold environments in the field hospital. It is does not cost anything to measure temperature, for instance as bladder temperature. Warming up in the pleura demands the capacity for warming up saline water up to 100 litres at all to 40 oC. Very often we use a micro wave oven and a ther​mometer for this. Chest tubes are already available in the field hospital.

HLM is not a common device in a field hospital. But technology shows so much progress that it is reasonable to assume it that we will see small devices for ECC shortly in role 3 facilities. The systems and parts of them can be used also for other purposes, especially lung failures after trauma and heart failure after myocardial infarction. The systems can even be used during air evacuation of patients (13). In field hospitals there may not always be specialists in treating accidental hypo​ther​mia, but regardless of this, treatment can be carried out and advices can be given by telephone. Even insertion of big catheters in central vessels may be done by surgeons or anaesthesiologists and ECC in some form may be started with telemedical advices. To warm up a severe hypothermic victim still demands a good portion of knowledge.
It is important to avoid overshoots in the treatment of hypothermic patients. Hyperthermia appears detrimental in situations of ischemic or hypoxic brain damage while mild hypothermia may be beneficial. We attempt, therefore, not to exceed 35 oC when warming up the unconscious hypothermic victim.

The principle to keep the heart warm and the head cold

4.0 Conclusion

Treatment of the hypothermic victim can be performed at a high level in a field hospital.
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