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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. 

References:

AWMF Procedures: http://www.uni-duesseldorf.de/AWMF/ll/008-001.htm

Bogdahn U, Schlachetzki F, Hoelscher T. 'Transcranial color-coded Duplex Sonography.' in V. Babikian, L. Wechsler (eds.) ‘Transcranial Doppler Ultrasonography’, Butterworth Heinemann, Woburn, U.S.A., 1999; 2nd ed.: 285-292
Donovan DJ, Iskandar JI, Dunn CJ, King JA. Aeromedical evacuation of patients with pneumocephalus: outcomes in 21 cases. Aviat Space Environ Med 2008; 79:30-5.
Muizelaar JP, Marmarou A, Ward JD et al.: Adverse effects of prolonged hyperventilation in patients with severe head injury: A randomized clinical trial. J Neurosurg 75 (1991): 731-739
Tönnis, W.: Richtlinien für die Behandlung der Schussverletzungen des Gehirns und die Beurteilung der Folgezustände. Lehmann Verlag München Berlin 1942 P.51-52.




�


 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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