
ABC ofMajor Trauma

PAEDIATRIC TRAUMA: SECONDARY SURVEY

A R Lloyd-Thomas, I Anderson

Principles for the secondary survey
* Children should be assessed

systematically according to a strict
protocol

* Finding an injury should not stop the
remainder of the evaluation

* Always be gentle and pay particular
attention to manipulation of the spinal
cord axis

* Vital signs should be recorded repeatedly

After the primary survey, initial stabilisation of the cardiorespiratory
system, and treatment of shock a complete physical examination takes
place.

Head and neck

Ages at which acute subdural and extradural
haematomas are usually seen in children and
associated incidences ofseizures and skull fractures

Acute
subdural Extradural

haematomas haematomas

Age at which
usually seen <12 months >2 years

Associated incidence
of seizures High (75%) Low (<25%)

Associated incidence
of skull fractures Low (30%) High (75%)
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subdural haematoma.

As in adult patients fully examine the head for lacerations; the skull for
fractures; the eyes for injury (also remember penetrating injury) and
pupillary function; the ears and nose for leakage of cerebrospinal fluid; the
face for fractures and lacerations; the mouth for loose teeth; and, finally, the
neck for cervical displacement. Frequent assessment of the Glasgow coma
score is essential.

Primary brain damage that occurs at the time of the injury cannot be
reversed. Secondary brain damage occurs as a result of cerebral hypoxia or

ischaemia and can be minimised by maintaining oxygenation and an

adequate cerebral perfusion pressure.

A child's brain is vulnerable to accelerative, decelerative, and shear
forces, which result in focal intracranial mass lesions (cerebral contusions,
lacerations, haemorrhages, and oedema). Raised intracranial presure
secondary to diffuse cerebral swelling is the most common cause of death in
children with head injuries.

Acute subdural haematomas are often bilateral and are associated with a

high incidence of seizures and a low incidence of skull fractures. If there is
no history of appreciable trauma the possibility of non-accidental injury
should be considered.

Extradural haematomas are most often unilateral and associated with a

high incidence of skull fractures and a low incidence of seizures. The
biphasic presentation of extradural haematomas ("lucid interval") is less
common in children.

About 75% of skull fractures are linear, but they may be depressed,
compound, or basal, and in children of less than 3 years, the cranial sutures
can undergo traumatic separation (diasteal fractures).

The clinical manifestations of raised intracranial pressure or skull
fractures are the same in children as in adults. Infants with open fontanelles
and mobile sutures, however, are more tolerant to an expanding intracranial
mass, although when decompensation does occur it is rapid and often
irrecoverable. A bulging fontanelle or sutural diastases in an infant implies
serious cerebral trauma.
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Causes of secondary brain damage
Hypoxia
-Respiratory insufficiency

Cerebral ischaemia
-Systemic hypotension
-Fall in cerebral perfusion pressure
secondary to raised intracranial pressure
from cerebral oedema or an intracranial
mass lesion
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Criteria for skull radiography after
head injury in children
* Age <1 year

* Loss of consciousness ¢'5 minutes
Lethargy, coma, or stupor

Focal neurological signs
Skull penetration
Skull depression

* Palpable scalp haematoma
* Cerebrospinal fluid from nose or ear

* Blood in middle ear

* Battle's sign
* Racoon eyes

Neck and spine

Thorax

As in adults an initial Glasgow coma score of <7 or a declining score are

indications for immediate aggressive management. In particular,
restoration of the circulating volume is vital and should not be limited by
considerations of fluid restriction to control cerebral oedema. A
neurosurgical opinion should be sought urgently, and if the patient is
haemodynamically stable computed tomography should be performed
immediately.

In children, head injury alone does not usually produce shock and
hypotension due to hypovolaemia; most bleeding usually occurs elsewhere
in the body. Extensive scalp lacerations, however, may bleed sufficiently to

cause hypovolaemic shock, and in small infants intracranial haemorrhage
may be enough to cause hypovolaemia.

After head injury vomiting and seizures are more common in children
than in adults. Both symptoms tend to be self limiting, but if either persists
a serious head injury should be suspected. Repeated seizures cause an

increase in intracranial pressure by increasing cerebral blood flow, and
anticonvulsants should be given. Intravenous diazepam 0- 15-0-25 mg/kg is
the drug of first choice; this may cause respiratory depression, so be
prepared to provide artificial ventilation. Follow this with phenytoin 15-20
mg/kg by slow intravenous injection (1-2 mg/kg/min); monitor the
electrocardiogram continuously during the injection.

Minor head injury is extremely common in children; the overwhelming
majority of children with such injury do not develop intracranial pathology
and the need for radiography is often questionable.

Spinal cord injuries are rare in children, constituting only 5% of all spinal
cord trauma. But there should be a high index of suspicion in any child with
major trauma, especially if he or she has an appreciable head injury.

Careful clinical and radiological examination should be undertaken (see
previous articles on spinal cord trauma). Assessing paralysis and altered
sensation, however, can be very difficult, especially in infants. Mass flexion
withdrawal in response to stimulation may be indistinguishable from
normal withdrawal in this age group. Furthermore, 50% of children with
serious spinal injuries have normal radiographs, and radiological normality
should not deter a clinical diagnosis of spinal injury. Conversely, there are

several peculiarities in radiographs of the immature spine that may lead to

overdiagnosis of spinal injury.

Blunt chest trauma is common in children whereas penetrating injury is
rare; but the approach to diagnosis and management is the same as in adults.
About 15-20% of children with major injuries have chest trauma that
requires immediate management. Early diagnosis is essential: of the
children who die of chest injury more than 90% die in the first few hours
after the accident. The vast majority of thoracic injuries (85-90%) can be

managed by standard procedures. Remember that patients with thoracic
trauma have a high incidence of associated injuries (>50%), most
commonly of the head, abdomen, or an extremity.
The chest wall should be examined for bruising, wounds, and asymmetry

of movement. The high compliance of a child's chest wall, however, allows
ready transfer of energy to intrathoracic structures, and appreciable organ
damage may be present with minimal evidence of chest wall injury.
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Initial management of severe head
injury
* Restoration of the circulating blood

volume
* Tracheal intubation
* Adequate oxygenation (Sao2>90%)
* Hyperventilation (PaCO2 3.5-4.0 kPa)
* Administration of mannitol 0 5-1 .0 g/kg

Confusing radiological features of
children's cervical spines
Growth centres resemble fractures

* Cartilaginous plate at the base of the
odontoid (closes at between 3 and 5 years)

* Secondary ossification centre at apex of
odontoid (present from 2-12 years)

* Secondary ossification centre at tip of
spinous processes

Pseudosubluxation
* Anterior displacement of C2 on C3 (30% of

children <7 years). Much less
commonly C3 on C4. Perform radiography
in neutral and extension positions if
clinically safe

Hypermobility
* Increased distance between dens and

anterior arch of Cl (15% of children <5
years)

Occult chest injuries in children
* Pulmonary contusion
* Pulmonary laceration
* Intrapulmonary haemorrhage
* Tracheobronchial tear
* Myocardial contusion
* Diaphragmatic rupture
* Partial aortic or other great vessel

disruption
* Oesophageal tears
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Radiograph of left tension pneumothorax causing
deviation of the mediastinum to the right.

The mobility of mediastinal structures in children means that there is a
lower incidence of injury to the airway and great blood vessels than in
adults, but cardiovascular and ventilatory compromise occur readily as a
result of trauma causing mediastinal shift.

Ifa pneumothorax (indicated by inequality ofair entry) is under tension it
requires immediate drainage. Open pneumothorax is unusual in children.
Flail segments are also uncommon in children but require early treatment
with chest drainage, intermittent positive pressure ventilation, and positive
end expiratory pressure. Haemoptysis, subcutaneous emphysema, and a
persistent air leak after drainage of a pneumrothorax all suggest underlying
lung damage.

Patients with pulmonary contusion present with tachypnoea,
breathlessness, and hypoxia. The symptoms are often exacerbated by
inhalation of gastric contents, especially if the abdomen has been
compressed. If the child has undergone a garrotting injury tracheal rupture
should be suspected, especially if there is subcutaneous emphysema in the
neck. Noisy breathing and a persistent leak through the chest, drain suggest
a tracheal or major bronchial tear. As in adults diaphragmatic rupture, most
commonly on the left side, is often missed clinically but should be suspected
if the left side of the diaphragm is not clearly visualised in the chest
radiograph.

Heart and great blood vessels
Myocardial contusion is rare in children but is suggested by arrhythmias

in a child who has sustained blunt trauma to the anterior chest wall.
Continuous electrocardiography is vital. Cardiac tamponade due to
haemopericardium is also rare because penetrating injury is unusual in

Arrhythmias are unusual in children children. The signs are the same as in adults, and drainage using a 14 G
with trauma and if present suggest intravenous cannula should be by the left subxiphoid route. Aortic rupture
myocardial injury occurs most commonly at the origin of the left subclavian artery. A widened

L________________________________________ mediastinum, fractures of the first or second ribs, and obliteration of the
aortic knuckle are suggestive signs in the chest radiograph.

Clinical assessment of the signs of hypovolaemic shock should be
frequently repeated to assess the response to fluid resuscitation.

Abdomen

The basic principle governing the evaluation of a child with a possible
abdominal injury is to determine whether an operation is necessary either
for an acute abdomen or for controlling haemorrhage.
As in th6racic injuries blunt trauma is most common. Penetrating

wounds are rare but, when present, require an operation. If haemorrhage is
substantial and rapid the use of pneumatic anti-shock trousers may be life
saving, providing time for resuscitation and exploring the abdomen.

Early passage of a nasogastric tube of appropriate size is essential in
children. Careful and gentle clinical examination of the conscious child will
produce evidence of appreciable abdominal injury, which may be present
despite minimal indications of trauma in the abdominal wall. The pattern
and methods of clinical examination are the same as in adults.
As in adults the spleen and liver are the most commonly injured solid

organs, but rapid deceleration forces cause abdominal compression and
may result in other injuries. A renal injury should be suspected in every
child with tenderness of the flank and red blood cells in the urine. The
lumbar spine, ribs, and pelvis are also commonly injured.
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Abdominal injuries caused by
rapid deceleration forces
Duodenal

-Perforation
-Obstructing haematoma

Pancreatic
Rupture of hollow viscera

-At the ligament of Treitz
-Near the ileocaecal valve

Mesenteric avulsion
Renal

-Vascular
-Parenchymal
-Collecting system

Bladder
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Radiograph showing fractured pelvis caused by a
crush injury. A suprapubic catheter is in situ.

Assessment of the abdomen may be difficult in an unconscious child.
Haemodynamic instability or questionable abdominal findings are
indications for computed tomography. Also, if the patient receives general
anaesthesia for other surgery lavage can help to determine whether
abdominal exploration is required. A paediatric size peritoneal dialysis
catheter is inserted through the lower abdominal midline un'der direct
vision, remembering- that a child's abdominal wall is much thinner than an
adult's. Then 10 ml/kg of Ringer-lactate solution (1000 ml maximum dose)
is run in over 10 minutes. Lavage results in peritoneal irritation for up to 48
hours, making subsequent assessment difficult. In practice it is much less
often needed in children than in adults and a decision to perform lavage
should not be undertaken lightly.-
The rate of urine output must be measured through a catheter in children

with trauma, unless they can void spontaneously. The approach (through
the urethra or suprapubic) is determined by the clinical evidence of urethral
injury. Urine should always be dipstick tested for blood, glucose, etc.

All children with multiple injuries should undergo cervical spine, chest,
and pelvic radiography. If damage to the urinary tract is suspected a one
shot intravenous pyelogram in the resuscitation room can often provide
useful information in patients who require urgent abdominal exploration.
Many North American centres advocate thoracic and abdominal computed
tomography for investigating children with multiple injuries, provided that
they are haemodynamically stable.

Skeletal and soft tissue injuries~~~~~I
1 2 3 4

The Salter-Harris classification of physeal fractures

. ..: .. . .... ..: .

Chest radiograph showing multiple heal
rib fractures after non-accidental injury.

1'
2K.J The principles of management of skeletal and soft tissue damage are the
5 same as those for adults. In children the history of the injury is important.

The radiological diagnosis of skeletal injury around the joints is more
difficult in children because ofthe growth plate and lack of mineralisation of
the epiphysis. Radiographs of the opposite side (if uninjured) may be
helpful.
The pattern offractures is different in children. They may be through the

growth plate (Salter-Harris classification' types I-V), greenstick (only
through one cortex of a long bone), or buckle (bony angulation without a
fracture). Because of potential arresting of growth, malalignment of joints,
and traumatic arthritis it is important to recognise fractures through the
epiphysis. Supracondylar fractures at the elbow hav'e a high incidence of
associated vascular injury. Old healed fractures should alert the medical
team to the possibility of non-accidental injury. The proportional blood loss
after pelvic or long bone fractures in children is greater and may be an
important cause of initial haemodynamic instability.

Burns

s

E
CP

Scalds from hot water are the most common cause of burns in children,
and management does not differ appreciably from that of adult patients (see
previous article on burns). The change in body proportions as children
grow means that calculation of the percentage total body surface area burnt
cannot be based on the adult "rule of nines." Accurate estimation of the
percentage of the total body surface area burnt requires the use of detailed
charts. The Berkow formula should be used in calculating resuscitation
protocols.2

Body surface area in adults and children.
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Non-accidental injury

~~~~~~~' N

o v

Diagram used for precise marking of injuries in a suspected case
of non-accidental injury.

Pain relief

Control of pain
* After resuscitation give morphine 25 [tg/kg

intravenously
* Titrate further doses of 10 ktg/kg against

patient's response
* Do not give narcotic drugs to patients with

head injuries

The four line drawings were prepared by the department of
education medical illustration services, St Bartholomew's
Hospital, London. The radiographs were kindly provided by
Drs B Kendall, D Shaw, C Hall, and D Hatch, Hospital for
Sick Children, Great Ormond Street, London.

Dr A R Lloyd-Thomas, FCANAES, is consultant
paediatric anaesthetist, Hospital for Sick Children, Great
Ormond Street, London, and Mr I Anderson, FRCS, iS
consultant in accident and emergency medicine, Victoria
Infirmary, Glasgow. Mr I Anderson was also the coauthor
of the previous two articles on paediatric trauma.

A wide variety of injuries can be caused by
physical child abuse. Various points in the
history and examination should suggest the
possibility of non-accidental injury. Initial
resuscitation and management of the battered
child are the prime responsibilties of the casualty
medical team, but the need to inform the
appropriate authorities must not be overlooked.
Careful recording ofinjuries is vital, and standard
diagrams should be available for this purpose.

Diagnosticcriteria for
non-accidental injury
* Delay in seeking medical advice
* Account of the accident is vague and

inconsistent among parties
* Discrepancy between the history and the

degree of injury
* Parental behaviour is abnormal, lack of

concern for their child
* Interaction between child and parents is

abnormal
* Finger tip bruising, especially over upper

arms, trunk, sides of face, ears, or neck
* Bizarre injuries-for example, bites,

cigarette burns, or rope marks
* Sharply demarcated burns in unusual

areas
* Perioral injuries-for example, torn

frenulum
* Retinal haemorrhage
* Multiple subdural haemorrhages
* Ruptured internal organs without a history

of major trauma
* Perianal or genital injury
* Long bone fractures in children <3 years
* Previous injuries-for example, old scars,

healing fractures

Adequate control of pain is humane and will improve a child's
cooperation with diagnosis, investigation, and management of the injury.
After initial fluid resuscitation a bolus of 25 rig/kg of morphine should be
given intravenously. Further doses may be given at 10 minute intervals,
titrated against the patient's response to just control pain. Patients with
appreciable head injuries whose conscious level is depressed or
fluctuating should not receive opioid analgesics.
Throughout the period of the secondary survey the child's response to

resuscitation and general condition should be constantly reassessed.
Subsequent management depends on the expertise and facilities of the
receiving hospital. If the anaesthetic, surgical, and intensive care services
are not suited to children a protocol for transfer to a designated paediatric
centre should be an important part of the initial evaluation and
management.

1 Salter RB, Harris WR. Injuries involving the epiphyseal plate. AmericanJournal ofBone and Joint
Surgery 1963;45:587-622.

2 Lurd CC, Bowd NC. The estimation of area of burns. Surg Gynecol Obstet 1944;79:353-60.

The ABC of Major Trauma has been edited by Mr David Skinner, FRCS; Mr Peter Driscoll,
FRCS; and Mr Richard Earlam, FRCS.
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