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Abstract

BACKGROUND

Recently, two naval pilots in a two-seat trainer jet were forced to eject urgently due to
sudden mechanical failure during night-time training. They were both successfully
rescued and sent to the hospital for emergency treatment. In this study, we investigate

their ejection injuries and recovery process.

CASE SUMMARY

We analyzed the clinical data of the traumatic condition and recovery process from
ejection injuries of two pilots who ejected from a failed trainer jet and survived. After
being successfully rescued and sent to the hospital, they were diagnosed with multiple
ejection injuries including eye trauma, limb bone and joint injury, rib and spine injury,
and so on. Both cases underwent fluid replacement, acid suppression, nutritional
support, hemostasis, bone metabolism improvement, phlegm elimination,
psychological measurement, blood circulation promotion and detumescence, physical
therapy, and external fixation with braces for one month before being discharged from
hospital. They then recuperated in a sanatorium for two months, and the related
laboratory tests and supplementary examinations show that they recovered from all the
above injuries. After successfully passing the psychological test and physical

examination, they returned to flight duty three months after ejection.

CONCLUSION

The causes and conditions of ejection injury in the pilots were very complex. Although
they finally recovered quickly and were released, it also serves as a reminder that
attention should be paid to pilots’ ejection and parachute training in order to
significantly reduce ejection injury and improve the ejection success rate. In addition,
air defense support personnel should strengthen search and rescue and on-site
emergency measures, and locate and rescue pilots in distress as early as possible to

reduce subsequent injuries.
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}Cm‘e Tip:‘ The causes and conditions of ejection injury in pilots are very complex. We
analyzed the clinical data of the traumatic condition and recovery process from ejection
injuries of two pilots who ejected from a failed trainer jet and survived. After being
successfully rescued and sent to the hospital, they were diagnosed with multiple
ejection injuries, and underwent a series of treatments for one month. They then
recuperated in a sanatorium for two months, and the related laboratory tests and
supplementary examinations show that they recovered from their ejection injuries.
After successfully passing the psychological test and physical examination, they
returned to flight duty three months after ejection. This serves as a reminder that
attention should be paid to pilots’ ejection and parachute training in order to
significantly reduce ejection injury and improve the ejection success rate. In addition,
air defense support personnel should strengthen search and rescue and on-site
emergency measures, and locate and rescue pilots in distress as early as possible to

reduce subsequent injuries.

INTRODUCTION
Ejection is an important way for pilots to escape in case of emergency, but the incidence
of injury accompanying ejection escape is also very highl-3. As the conditions of
ejection injuries are complex and diverse, it is very important to study ejection injuries
and take targeted first-aid measures to save the lives of pilots in distressil.

Recently, two naval pilots in a two-seat trainer jet were forced to eject urgently due

to sudden mechanical failure during night-time training. The flight speed during the
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ejection was about 700 km/h, which was within the flight envelope. The ejection mode
was rocket-assisted through-canopy ejection. At the moment of ejection, they
experienced transient loss of consciousness. They were both successfully rescued and
sent to the hospital for emergency treatment. After being diagnosed with multiple
ejection injuries, they recuperated in a sanatorium for two months, and the related
laboratory tests and supplementary examinations show that they recovered from their
injuries. After successfully passing the psychological test and physical examination,
they returned to flight duty three months after ejection. Their injury conditions and

recovery process are as follows.

CASE PRESENTATION

Chief complaints
Case 1: A male flight cadet in the front cabin, 20 years old, with total flight time of 300

h, who suffered from multiple injuries to the whole body 2 h after ejection.

Case 2: A male flight instructor in the rear cabin, 40 years old, with total flight time of
1,700 h (including 280 h in the current aircraft model), who suffered from multiple

injuries to the whole body 11 h after ejection.

History of present illness

Case 1: Two hours ago, due to mechanical failure, he ejected and parachuted from the
front cabin of the trainer jet with transient loss of consciousness. He had recovered
consciousness by the time he landed. He experienced chest pain, back pain and other
body pains, and limited movement of the right ankle. He was found by the villagers

and sent to the local hospital by ambulance.

Case 2: Eleven hours ago, due to mechanical failure, he ejected and parachuted from the

rear cabin of the trainer jet with transient loss of consciousness. He regained
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consciousness after landing. He felt pain all over his body and limited movement of the

left knee. He was found and sent to the local hospital by ambulance.

History of past illness

No other abnormal health conditions were reported in both cases.

Personal and family history

Both cases had no specific history of genetic diseases.

Physical examination

Case 1: He was found with blueness and bilateral swelling on the eyelids; a splinter
hemorrhage in the right conjunctiva, and swelling and percussion pain (+) in the neck,
back and waist; tenderness (+) in the T3-T5 and T8 vertebral spinous process; slightly
limited thoracic vertebral extension; tenderness (+) and percussion pain (+) in the right
hypochondriac region; swelling in the right ankle, tenderness (+) in the right lateral
ankle and posterior ankle, slightly limited varus, and right lower limb muscle strength 4

+; and multiple skin abrasions on the back, waist, and extremities.

Case 2: He was found with bilateral edema of the evelids and a small splinter
hemorrhage in the right conjunctiva; multiple abrasions on the face, bilateral forearm
and legs, and swelling and bruising on the posterior-lateral left thigh; cyanosis of the

skin, and swelling, tenderness (+), and immobility around the left knee joint.

Laboratory examinations
Case 1: Aspartate aminotransferase 53 u/L, Pocalcitonin 0.51 ng/mL, indirect bilirubin
22,65 pmol/L, creatine kinase 175 IU/L, C-reactive protein (CRP) 81 mg/L,

phosphocreatine kinase isoenzyme 33 U/L, and lactate dehydrogenase 360 U /L.
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Case 2: Creatine kinase 1133 IU/L, creatinine 101 pmol/L, CRP 225 mg/L,

phosphocreatine kinase isoenzyme 22 U/L, and lactate dehydrogenase 277 U/L.

Imaging examinations

Case 1: Magnetic resonance imaging (MRI) showed: C3/4 and C4/5 intervertebral disc
herniation; mild compression fractures of T3-T5 and T8 vertebral bodies; bone marrow
edema of T1-T8 vertebral bodies and L5/51 intervertebral disc herniation; laceration of
anterior talofibular ligament of the right ankle; local Grade 1 injury of Achilles tendon
of right ankle; bone marrow edema of right calcaneus; and soft tissue edema around
right ankle. Chest computed tomography (CT) showed: incomplete fractures of multiple

right ribs (anterior ribs 5-9).

Case 2: MRI showed: Lumbar disc herniation of L3/4; thoracic T3 vertebral

hemangioma.

FINAL DIAGNOSIS
Casel

Ocular trauma, subconjunctival hemorrhage (right); cervical disc herniation (C3/4,
C4/5); multiple thoracic vertebral compression fractures (I3-T5, T8); incomplete
fracture of multiple right ribs; Achilles tendon injury (right, Grade 1); laceration of
anterior talofibular ligament of ankle (right); calcaneal contusion (right); and soft tissue

injury in right ankle and lower back.

Case 2

Ocular trauma, subconjunctival hemorrhage (right eye); left medial femoral condylar
bone contusion with bone marrow edema; multiple injuries to posterior tendons and
ligaments of left thigh; acute kidney injury; thoracic T3 vertebral hemangioma; and

lumbar disc herniation (L3/4).
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TREATMENT

After admission, the two injured pilots were treated with fluid replacement, acid
suppression, nutritional support, hemostasis, bone metabolism improvement, phlegm
elimination, psychological measurement, blood circulation promotion and
detumescence, physical therapy, and external fixation with braces for one month before

being discharged from hospital.

OUTCOME AND FOLLOW-UP

After discharge, they recuperated in a sanatorium for two months, the related
laboratory tests and supplementary examinations show that they recovered from all
injuries. Psychological assessment: Healthy. Physical fitness test: Qualified. They were

released three months after the ejection.

DISCUSSION

Congestive bilateral eyelid and right eyeball conjunctiva: The effects of continuous -G
conditions on visual function were considered!l. The analysis showed that both pilots
were suspended upward when the danger occurred. At this time, -G caused blood to
flow to the head, which led to the congestion of bulbar conjunctiva, increased the
secretion of lacrimal glands, and caused eyelid edema and blurred vision. Continuous -
G can also cause: (1) Changes in visual function; increased secretion of the lacrimal
glands can lead to blurred vision; edema of the lower eyelid, shifting upward to cover
the pupil and cause difficulty in opening the eyes, can lead to the temporary loss of
vision; and conjunctiva rupture and hemorrhage, causing blood-stained tears to
accumulate in the conjunctival sac, results in the redness of the visual field. The
congested lower evelid shifted upward to cover the pupil, and strong light irradiation
led to the redness of visual field. Retinal circulation stagnation and hypoxia, and the
lower eyelid covering the pupil, led to the loss of central vision; edema of the orbital
tissue and disorder of the coordinated movement of the extraocular muscles led to

diplopia. (2) Congestion in the reflux area of the superior vena cava resulted in the
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congestion and edema of the neck and face, as well as subcutaneous hemorrhage points.
(3) With the diaphragm in an upward position, ventilation blood flow imbalance led to
dyspnea. (4) Increased intracranial pressure led to headache and distension of the head,
as well as increased blood pressure. (5) Increased carotid sinus pressure led to abnormal
heart rate.

Temporary loss of consciousness, spinal injury, head and neck injury and limb
injury: The overload value during ejection may have reached about 20 G, with a high
growth rate of G value and short action time. The ejection through the canopy increased
the G value and G growth rate significantly. After ejection from the aircraft and before
the parachute opens, the person-chair system or human body may rotate under the
impact of the high-speed airflow. The inertial centrifugal force may cause equipment
such as oxygen masks, gloves, flight boots, and pistols to fall off, and the headband of
the mask may injure the neckl*4. The high-speed airflow may also cause hypoxia and
frostbite in pilots*#l. Both cases experienced the transient loss of consciousness during
ejection, and only recovered their consciousness during parachuting. The cadet in the
front cabin had multiple thoracic vertebral compression and rib fractures, and a cervical
disc herniation, while the instructor in the rear cabin had a cervical and lumbar disc
herniation; it is considered that they were already displaced at the time of ejection. The
mask and helmet caused minor injuries to the head and neck, and the cadet in the front
cabin incurred neck strangulation and limb injury due to the displacement and collision
of the limbs and loss of consciousness during ejection.

Parachute-opening injury is more common at the exerting parts of harness system
such as the scapula, chest and waist, and perineum, which can cause sternum, rib, spine
and limb fracture and dislocation, as well as visceral injuryFl. The pilots presented
multiple fractures to the right ribs, which was considered to have been caused by the
parachutes opening. Meanwhile, parachuting is not excluded from being the cause of
spinal injury in both patients.

Sprains and contusions to the lower limb joints and ligaments are mostly caused by

landing. The cadet in the front cabin suffered from a right Achilles tendon injury;
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laceration of the anterior talofibular ligament of the right ankle; right calcaneal bone
contusion; and soft tissue injury in the right ankle, back and waist. The instructor in the
back cabin suffered from left medial femoral condylar bone contusion with bone
marrow edema, and multiple injuries to the posterior tendons and ligaments of the left
thighl®l. Moreover, the incident occurred in a jungle mountain area at night, so the poor
visibility, more numerous obstacles and improper landing posture could have
aggravated the injuries. Both cases were found with abnormal enzyme labeling and
elevated CRP at the time of admission, which were caused by muscle injury and
systemic inflammatory reaction after injury. The instructor in the back cabin also
showed abnormal creatinine and slightly increased urinary microproteins, which was
related to his landing on the top of a mountain, late rescue time, prolonged lack of
water and insufficient strength. The laboratory indexes all improved after active

treatment.

Aeromedical concerns

The causes of ejection injury in these cases are complex. The two pilots carried out the
ejection properly. Fortunately, they did not suffer from any wvisceral injury or fatal
disability injury, and finally recovered quickly and were released. However, it also
serves as a reminder that attention should be paid to pilots” ejection and parachute
training. Before ejection, the flight parameters should be controlled within the ejection
envelope (safe flying height and descent rate) as much as possible. The perfect mastery
of ejection skills by pilots may contribute to significantly reduced ejection injury and
improved ejection success ratel®1%l. Meanwhile, air defense support personnel should
strengthen search and rescue and on-site emergency measures, and locate and rescue

pilots in distress as early as possible to reduce subsequent injuriesf*1l.

CONCLUSION
Attention should be paid to pilots’ ejection and parachute training in order to

significantly reduce ejection injury and improve the ejection success rate. In addition,
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air defense support personnel should strengthen search and rescue and on-site
emergency measures, and locate and rescue pilots in distress as early as possible to

reduce subsequent injuries.
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