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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. 
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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)
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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.

[image: image11.emf]
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. 

[image: image16.emf] 

                                        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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