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Preface

In the history of humankind, Medicine has never been more exciting and challenging
than in the twenty-first century. One of the great challenges of being a contemporary
academic clinician is to find ways to correlate pertinent Basic Sciences to clinical appli-
cation, at the bedside. When I set out to prepare Clinical Pathways in Emergency
Medicine, it evoked a thought for contemplation. ‘Do we need one more book in the
specialty of Emergency Medicine?’ That helped to harness an unprecedented approach:
from the perspective of a nascent, yet inquisitive emergency physician who is keen to
understand the rationale of occurrence, manifestation, and management of acute clinical
conditions. And this book differs significantly by providing an algorithm at the end of
each chapter, which, at a glance, provides a roadmap for the journey ahead.

Clinical Pathways in Emergency Medicine is an international congregation of contribu-
tors, who have offered their expertise which has immensely flavored the global approach
to Emergency Medicine. The authors include a remarkable blend of colleagues, friends,
former students, and new stars on the horizon of Emergency Medicine. A multi-author
manuscript of this nature cannot be delivered without the dedication exhibited by them. In
addition to being luminaries from around the globe, they are among the most progressive
clinicians in various sub-specialties of Emergency Medicine. And I could not have wished
for a better bunch of Section Editors, who superbly orchestrated the creation and revision
of manuscripts. Each one of them is an enviable embodiment of clinical excellence.

Sound clinical experience, coupled with knowledge, based on authoritative books
and peer-reviewed publications, remains the foundation, on which clinical management
needs to be built. In my three decades of clinical practice, I have been humbled multiple
times, by the way in which anecdotal experience and written literature is flouted by the
human body.

Today’s dogma becomes tomorrow’s heresy. Clinical Pathways in Emergency
Medicine is a compendium of contemporary evidence-based knowledge. However, no
book remains perfect and a shrewd clinician knows very well that the practice of medi-
cine, based out of a book, has its own limitations. Nevertheless, I am optimistic that this
edition of the book would facilitate satiation to the hunger for knowledge among increas-
ing numbers of aspirants in the field of Emergency Medicine.

Kerala, India Prof. Suresh S. David
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Orthopaedics



Chapter 1
Back Pain

Ruth-Mary deSouza and Shumontha Dev

Key Points

» Red flags indicate potentially serious causes of back pain.

» Serious causes of back pain may be neurological or non-neurological.

* The time course of neurological symptoms is an important factor in clinical
decision making.

* Suspected cord compression or cauda equina compression should be
investigated urgently.

Introduction

Back pain is one of the most common presentations to the emergency department
(ED). A small proportion of these will be due to spinal emergencies, which need to
be rapidly identified, investigated and referred for a definitive management plan.
This chapter gives an overview of neurological and non-neurological causes of back
pain that may present to an emergency medicine physician. This chapter does not
cover management of patients with chronic mechanical back pain who have had
serious pathology ruled out.

R.-M. deSouza, MBBS, MRCS ()
King’s College Hospital, Denmark Hill, London SES 9RS, UK
e-mail: rmgds7 @gmail.com

S. Dev, BSc, MBBS, FRCSEd, FCEM, MMedEd
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Table 1.1 Red flags for Neurological:

acute back pain, indicating
potentially serious causes of
back pain [1]

Sphincter dysfunction

Gait dysfunction

Saddle anaesthesia

Severe or progressive motor weakness

Significant neurological deficit on examination
Systemic:

Age <20 or >55 years

History of malignancy

Systemic illness

Immunocompromised status

Weight loss

Intravenous drug abuse

Steroid use

Structural deformity

Non-mechanical pain (no relief with bed rest, analgesia
and nocturnal pain)

Fever
Thoracic pain

History

In the ED, the focus is to rule out dangerous causes of back pain, neurological or
non-neurological. The ‘red flag’” system was initially developed to exclude serious
pathology in lower back pain of less than 3 months duration. It has been modified to
include pain outside the lower back [1] (Table 1.1) but does not provide a
comprehensive assessment of back pain. Yellow flag symptoms are psychosocial
factors suggesting chronicity and disability [2]. Ruling out serious pathology in the
thoracic or cervical spine or non-neurological pathology involves targeted additional
questions. From the neurological aspect, these can be simplified into:

Pain — localised/diffuse, nocturnal, relation to activity, effect of analgesia,
presence of radicular pain

Weakness — upper/lower limb, proximal/distal, time course

Sensory disturbance — dermatomal/non-dermatomal, ‘heavy/dead’ limb,
inadvertent injuries, time course

Sphincter disturbance — urinary retention (painful or painless), urinary
incontinence/altered stream sensation, faecal incontinence, sexual dysfunction,
saddle anaesthesia, time course

Function — fine motor tasks, mobility, time course of decline

From the general history:

Previous spinal pathology and details of any treatment
Features of infection
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» Features of malignancy or history of past malignancy
* Systemic enquiry, medical history, drug history
e Travel, drug use, immune status, occupation

The time course of symptoms is of importance in the history and is a key factor
for tertiary specialties when making decisions regarding investigation, management
and admission.

Examination

¢ Inspect the back for any deformities, surgical scars, skin breaches, signs associ-
ated with occult spina bifida and other abnormalities.

 Palpate the midline to elicit bony tenderness. Palpate the paraspinal muscles.

¢ Test movements of the back (flexion, extension, lateral flexion and rotation).

* A neurological examination of the upper limbs, lower limbs and sphincters.

¢ Distinguish whether the patient is myelopathic, has features of cauda equina
compression, acute spinal cord injury, radicular features or has mixed findings.

¢ Table 1.2 compares myelopathy and cauda equina.

Cauda Equina Syndrome

e Cauda equina syndrome (CES) is a neurosurgical emergency that requires
prompt surgery to prevent irreversible damage to the lower limbs and sphincters.

» Itis aclinical diagnosis with supporting radiological findings.

e CES is associated with a high proportion of medico-legal claims [3]. Clear
documentation should be undertaken including timings of events.

¢ CES most commonly results from a prolapsed lumbar intervertebral disc,
although may be caused by any pathological compression on the cauda equina.

* CES can be defined as complete or impending. In complete CES, painless urinary
retention with overflow incontinence and saddle anaesthesia are well established
and usually irreversible.

* In impending CES, urinary disturbance with or without saddle anaesthesia are
present. Urinary disturbance is a subjective feature and may include difficulty
initiating passing urine, altered stream sensation, dribbling, incontinence and
sensation of incomplete bladder emptying. In real life, this is often indistinct and
confounded by other factors such as pain. It can often be difficult to distinguish
new sphincter symptoms in patients who already have sphincter disturbance due
to other medical conditions such as urological disorders [4].

* CES, including impending CES, should be approached in a time critical manner
to prevent further neurological deterioration.

» Urgent magnetic resonance imaging (MRI) scans of the lumbo-sacral spine must
be obtained for suspected cauda equina (Figs. 1.1 and 1.2).
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Table 1.2 Comparison of symptoms and signs in myelopathy and cauda equina compression

Explanation

Symptoms

Physical
examination
findings

Myelopathy

Refers to compression of the spinal cord (i.e.
from C1 to L1, where the cord terminates and
the conus begins) resulting in characteristic
symptoms and upper motor neuron signs in the
upper and/or lower limbs and sphincters
depending on the level affected. Axial pain is
not always present and the absence of severe
back pain should not result in this diagnosis not
being explored

Neck/back pain (variably present and often not
the dominant feature of the patient’s complaint)

Clumsiness of the hands/loss of dexterity
Brachialgia

Numbness of the hands and feet
Difficulty passing urine/incontinence

Gait and balance difficulties — important feature
Increased tone

Arm/leg weakness

Reduced grip strength

Decreased pain, temperature and vibration
sense, especially at the extremities

Hyperreflexia

Hoffman’s sign positive — flicking the distal
phalanx of the middle finger causes flexion of
other fingers

Babinski sign positive

Lhermitte sign positive — neck flexion leads to
electric shock like pain in the arms

More than three beats of clonus

Gait instability

Cauda equina compression

Refers to compression of the
peripheral spinal nerve roots
from L1 and below —i.e.,
after the termination of the
spinal cord at the conus
medullaris. This leads to
lower motor neuron signs in
the lower limbs and sphincter
dysfunction

Low back pain (variably
present)

Bilateral leg pain

Lower limb motor deficit
Perineal sensory disturbance

Urinary retention/hesitance/
incontinence

Sexual dysfunction

Leg, ankle or foot weakness
depending on the affected
level

Reduced straight leg raise and
nerve root stretch causing
pain

Painless urinary retention
Reduced perineal sensation
on pinprick and light touch
testing in sacral dermatomes
Impaired sensation of
catheter tug and catheter
passage

Faecal incontinence

Note that the features of sphincter dysfunction differ between an upper and lower motor neuron
lesion. In myelopathy, a neurogenic bladder from uncoordinated detrusor and sphincter activity
occurs and in cauda equina, an insensate bladder occurs. A detailed description of this falls outside
the scope of this chapter, but it is important to remember that sphincter and sexual function are
important features of the history and the presence and duration of these contributes towards triag-
ing urgency of imaging and treatment
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Fig. 1.1 T2 sagittal and axial MRI scan of the lumbar spine demonstrating a prolapsed L5/S1
intervertebral disc with significant cauda equina compression. Clinically this patient had cauda
equina syndrome

Fig. 1.2 T2-weighted
MRI of the lumbosacral
spine demonstrating an
axial slice through a
healthy level for kg 2 ikl LT e e
comparison with the axial ; ' e
image of a prolapsed disc
in Fig. 1.1
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Key Points
Documentation for suspected CES

» Timings of any limb weakness, bilateral leg pain and sphincter disturbance

* Neurological examination of the lower limbs

* Sharp and light touch sensation of the saddle region

» Results of post void bladder scan for residual volume

 If catheterised, sensation of catheter being placed, sensation of catheter tug
and residual volume

Traumatic Thoracolumbar Fractures

Acute management of suspected thoracolumbar fractures includes a primary and
secondary survey according to trauma protocols.

Examination points to focus on are the presence of haemodynamic changes
associated with spinal cord injury (only relevant to fractures above T6), midline
bony tenderness, limb neurology, priapism and sensorimotor or reflex function of
the sphincters.

Investigations for suspected thoracolumbar fractures can initially be via plain
radiographs or CT (Fig. 1.3) [5]. In ‘trauma call’ settings, the patient is likely to
get a body CT that includes reconstructions of the thoracolumbar spine.

An MRI is required in the presence of neurological deficit.

If an unstable injury is suspected from a high impact trauma mechanism or
clinical examination, log roll until stability is established. In patients with
ankylosing spondylitis and a suspected spinal fracture, do not force them into
positions outside what is neutral for them as they often have highly unstable
injuries and fixed abnormal postures.

Thoracolumbar fractures can be managed conservatively or operatively.

In the setting of trauma, where a spinal fracture is excluded on CT scans, but the
patient still has unexplained sensory or motor neurology that is not improving, or
a fracture is present but does not explain the neurology, it is important to
investigate this further with an MRI scan to rule out spinal epidural haematoma
(Fig. 1.4). Emergency neurosurgical management for certain cases of haema-
toma is possible.

Key Points
Imaging thoracolumbar fractures

* A normal radiograph in the presence of bony midline tenderness and
trauma does not exclude a fracture — progress to CT

* A CT with or without a fracture that does not explain neurological deficit
should be followed with an MRI to exclude haematoma
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Fig. 1.3 CT spine, sagittal and axial view, showing unstable burst fractures of T12 and L4. They
are unstable as they involve two columns

Fig. 1.4 T1 sagittal MRI
of the same patient as
Fig. 1.3 showing a
fracture-related haema-
toma anterior to the cauda
equina at L1-3. CT is
good for showing bony
anatomy. MRI is required
for assessment of soft
tissues, haematoma and
discoligamentous integrity
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Osteoporotic Wedge Fractures

* The most common location for osteoporotic fractures is the spine.

* Osteopenia is a radiological term meaning “reduced radio density’ and implies
30 % or greater reduction in total bone mass.

* Osteoporosis (OP) means decreased amounts of normal bone leading to increased
susceptibility to fracture.

e OP-related spinal fractures are usually in the upper to mid thoracic spine, can be
multiple and are usually axial loading fractures with a stable wedge
morphology.

* The history for OP wedge fractures is usually acute back pain without neurologi-
cal compromise after a minor trauma. Multiple OP fractures over time may lead
to kyphosis and loss of height.

* The clinical features of OP wedge fractures are localised back pain, tenderness
on palpation and progressive kyphotic deformity. Neurological compromise is
not typical of OP wedge fractures.

* Initial investigations involve radiographs or CT of the thoracolumbar spine and a
bone profile. Another imaging which may be useful is a bone mineral density
(‘DEXA’) scan.

* Keep an open mind regarding the differential diagnosis for an OP fracture — it
may be a pathological fracture secondary to another underlying disease.

e Management of OP wedge fractures is centred around controlling pain and
preventing further OP bone loss [6]. Medical therapies are analgesics, nutritional
supplements, physical therapy and bone protection. Bracing whilst mobilising is
an option and is solely directed at pain relief and comfort.

* Elective vertebral body augmentation (vertebroplasty or kyphoplasty) is only
helpful for management of pain from a wedge fracture in selected cases [7].

Spondylodiscitis and Epidural Abscess

* Pyogenic discitis in adults is most commonly from Staphylococcus aureus and
streptococcal species.

It typically presents with localised back pain and fever. Neurological deficit, if
present, can be radicular or from direct cord/cauda equina compression due to an
epidural abscess.

* Infection can arise in the vertebral column by haematogenous spread, direct
inoculation or spread from neighbouring tissues.

» Patient factors increasing susceptibility to infection are diabetes, steroids, sys-
temic infection, immunocompromise, renal failure and dialysis and recent spinal
surgery.

« Initial investigations of note are peripheral blood counts, inflammatory markers,
blood cultures and systemic examination with targeted imaging. In suspected
spinal infection, the imaging of choice is an MRI scan with and without contrast.
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e Treatment of discitis is usually medical, with at least 6 weeks of targeted
intravenous antimicrobial therapy with biochemical, radiological and clinical
monitoring of response. Source identification is important in preventing recur-
rence. Bed rest is required until the patient is pain free [8].

* Indications for a neurosurgical referral are epidural abscess and neurological
deficit from any source of neural compression. Epidural abscess is usually
evacuated emergently (Fig. 1.5) [9].

Key Points

* Spondylodiscitis with no neural compression or associated abscess can be
managed medically.

» Surgical referral for epidural abscess, neural compression or significant
vertebral erosion.

* Identification of an organism allows targeted treatment.

Tuberculosis of the Spine

* Spinal tuberculosis is the most common osseous involvement in TB. It may be
the sole/first TB presentation. Spinal TB usually has an insidious course.

* TB initially affects the anterior aspect of the vertebrae and spreads back to
involve the posterior vertebral body, ligaments and posterior elements of the
vertebral canal. Paraspinal and psoas involvement is common and abscesses
within the latter may need drainage.

Fig. 1.5 MRI (T1 with contrast, sagittal and axial) demonstrating an enhancing epidural mass
from T4-T8 causing spinal cord compression. This was an abscess
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e The initial step is to confirm TB. If this cannot be achieved peripherally, vertebral
biopsy may be required.

* The patient should be commenced on TB treatment and dexamethasone.

» Typically spinal TB is managed under the medical team. Surgical involvement in
spinal TB is rare and only applicable in specific cases with neurological com-
pression, severe pain and deformity [10].

Cervical Myelopathy

* Most commonly cervical myelopathy is of degenerative aetiology and affects
middle-aged and elderly patients.

* Cervical spine involvement is seen in over 80 % of patients with rheumatoid
arthritis and these patients may develop cervical myelopathy.

» It presents with progressive weakness, numbness and clumsiness in the hands
and feet. It can also affect the thoracic spine although less frequently than the
cervical spine. Patients with cervical myelopathy will report they are dropping
objects and unable to perform fine motor tasks, are falling over and have gait
disturbance. Neck and arm pain are also common but not necessary for the diag-
nosis of myelopathy [11].

* On examination, the picture will be of upper motor neuron signs and radicular
features depending on the nerve root affected (Table 1.2).

* Cervical myelopathy in the context of degenerative disease is likely to come to
the emergency department when an acute-on-chronic deterioration occurs.
Typically, this is precipitated by a minor trauma or physical activity.

* Obtain an urgent MRI for patients with acute neurological deterioration (Fig. 1.6).

*  Whilst most cases of cervical myelopathy will be degenerative in origin, it is
important to consider alternative causes depending on the history and examination
[12]. Non-degenerative causes include trauma, inflammatory disease, abscess,
primary malignancy and metastatic spinal cord compression.

* In patients with compressive myelopathy and recent change in their condition,
discuss with neurosurgery regarding surgical suitability.

Key Points

* The time course of symptoms and any acute deterioration is important in
deciding a management plan.

* There is a wide differential for cervical myelopathy.
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Fig. 1.6 T2 sagittal and axial MRI scan of the cervical spine demonstrating multilevel degenerative
osteodiscal disease at C3/4, C4/5, C5/6 levels causing marked canal stenosis and thecal
impingement. There is evidence of signal change within the spinal cord at the level of C3/4 and
also at C5/6. This patient presented with cervical myelopathy

Metastatic Spinal Cord Compression

e The most common cancers that metastasise to the spine are breast, lung and
prostate. Myeloma is also a cause of malignant cord compression. Metastatic
spinal cord compression (MSCC) can be a first presentation of cancer.

¢ Symptoms suggestive of MSCC include cervicothoracic pain, progressive lum-
bar pain, localised, unremitting and nocturnal pain [13]

* Signs include radicular pain, limb weakness, sensory disturbance, gait and
sphincter disturbance [13].

e Current guidelines state that patients with suspected MSCC and no neurologi-
cal deficit require a whole spine MRI to be performed in adequate time to
allow definitive treatment to take place within 1 week — this would mean
obtaining the MRI in time to allow for multidisciplinary input prior to any
intervention [13].

* Patients with suspected MSCC and neurological deficit require an MRI whole
spine urgently so that definitive treatment can be initiated within 24 h [13].

* Definitive treatment may be oncological or surgical.
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Fig. 1.7 T2 sagittal and axial MRI scan demonstrating an extradural mass at 10 causing cord
compression. There is associated destruction of the pedicles, vertebrae and paraspinal tissue at this
level. There is cord compression

» Patients with neurological deficit should be on bed rest if there is concern
regarding spinal stability until discussed with a neurosurgeon.

 Patients with MSCC should be commenced on dexamethasone, with blood sugar
monitoring and gastric protection.

e There is level 1 evidence that surgical management for specific and selected
cases of MSCC (Fig. 1.7) can result in significantly improved neurological out-
come versus patients treated with radiotherapy [14].

Key Points
Information that is useful to have at the time of MSCC referral:

* Primary cancer (if known), the grade and stage and prognosis of the primary.
e If the primary is unknown, further investigations include CT body,
myeloma screen, prostate specific antigen, breast and skin examination.

* Performance status.
» Comorbidities.
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Management of the Post Spinal Surgery Patient

» Patients may present to the ED after spinal surgery.

* The main problems to be aware of are wound breakdown, wound infection, CSF
leak, recurrence of the original pathology and instrumentation-related problems.

e In the history it is important to obtain details of the surgery performed, the
original indication for this and whether any spinal instrumentation was used.

* The wound should be examined and swabbed.

» There is no indication for starting prophylactic antibiotics in the case of CSF leak
without signs of infection.

Non-spinal Causes of Back Pain

* Non-spinal causes of back pain can essentially be considered as those emanating
from cardiovascular disease and those from abdominal disease.

* Aortic dissection and abdominal aortic aneurysms have been reported to present with
sharp interscapular pain and lower back pain. Dissection is best investigated with a
contrasted CT of the aorta. Abdominal aortic aneurysms are initially investigated
with ultrasound and if this is not available, CT. Aortic pathology can affect down-
stream arteries to the lower limbs resulting in ischaemic legs, which can sometimes
be mistaken for neurological deficit in a patient presenting with back and leg pain.

» Pancreatitis and pancreatic cancer can present with epigastric pain radiating to
the back. Acute pancreatitis is associated with a number of risk factors, is diag-
nosed with raised amylase and not typically associated with any neurological
dysfunction. Pancreatic malignancy is associated with weight loss, vomiting and
obstructive jaundice.

* Renal colic can be associated with strong back pain and is diagnosed on urinary
findings and CT imaging. Renal causes of back pain should not be associated
with any neurological findings.

* Psoas abscesses, being retroperitoneal, can cause back and flank pain. Psoas
abscesses are often associated with TB although they can exist in the context of
any intra-abdominal infection.

» Figure 1.8 provides a flow chart to approach back pain in the ED.

Acknowledgement Dr. Lakshay Chanana is acknowledged for his editorial assistance.
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Chapter 2
Hand

Carlos Lojo Rial and Shumontha Dev

Introduction

Hand injuries are a frequent reason for attendance to the emergency department
(ED) worldwide. Common literature estimates 5—-10 % of attendances in the USA
and an estimated 20 % in Europe [1]. Moreover, they appear to be the leading cause
of occupational injuries in the USA [2] and in other countries like India with inci-
dence reported of 361/10,000 industrial workers per year with 50 % of those sec-
ondary to hand entrapment [3]. Lacerations are the most frequent, followed by
fractures, sprains and contusions. These injuries and associated disabilities have
devastating consequences, if treated inappropriately in the ED.
History and examination are paramount in hand injuries [13]:

* A good history will help differentiate simple and complicated injuries.

* The mechanism of injury will allow adequate investigations to be performed.

* Essential to ascertain hand dominance of the patient as well as occupation in
view of the potential disability resulting from the injury.

* Time of onset as well as the location of the injury is also critical to elaborate a
safe management plan.

* Thorough examination, once appropriate analgesia has been administered,
allows review of the range of motion and function.
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Table 2.1 Early management Irrigation under pressure
of penetrating injuries Debride de-vitalised tissue

Consider risk factors affecting wound healing or infection
risks

Co-morbidities

Tetanus vaccination status
Possibility of foreign bodies
Dirty wound

Consider time of the injury

* Neurovascular examination of the hand is essential, before analgesia and postre-
duction of any fractures.
» Postreduction x-ray is vital to ascertain the results.

All open injuries must be examined thoroughly. Guidelines on early manage-
ment of penetrating injuries are widely agreed (Table 2.1) [2].

Hand Fractures

Thumb Fractures
Pathophysiology

Falls are the most common cause of thumb injuries. Most fractures result from an axial
loading onto a partially flexed thumb. Approximately 80 % of the thumb fractures
involve the base of the metacarpal bone. The Bennett’s fracture is a two-part intra-artic-
ular fracture with a dislocation or subluxation secondary to the traction caused by the
abductor pollicis longus tendon [2]. The Rolando fracture, on the other hand, isa Y or a
T shaped comminuted intra-articular fracture at the base of the first metacarpal bone [3].

Clinical Features

Patients present with swelling, and with point tenderness, difficulty in performing
normal range of motion and rotational deformity. Joint laxity should be assessed but
swelling may prevent appropriate examination. A second examination may be per-
formed after nerve block to ascertain degree of laxity.

Investigations

It is advisable to obtain dedicated thumb views and scaphoid views if the tenderness
or the mechanism is not clear.
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Fig. 2.1 Thumb immobilisation splints for interphalangeal, meta-carpophalyngeal and wrist joint

Table 2.2 Thumb injuries Key points
requiring surgical
consultation in the ED

Emergency hand consultation in thumb injuries

Open fractures

Rotational deformity
Angulation >30°

Difficult reductions

Unstable fractures (Bennett and Rolando): step off
>2 mm may require surgery

Management

Closed extra-articular shaft fractures can safely be treated by closed reduction
depending on the degree of angulation and immobilised using a spica splint
(Fig. 2.1). Indications for consultations with the hand surgeons include complex
fractures or injuries with affected functions (Table 2.2) [3]. Suspicious injuries with
negative x-rays should be immobilised and referred to the outpatient’s hand clinic.

Prognosis

Unstable fractures are high risk for osteo-degenerative changes and are associated
with significant disability.

Metacarpal Fractures
Pathophysiology

Metacarpal injuries are common in the ED and represent 30 % of all hand fractures in
the US. They result from axial loading to the head, direct trauma and crush injuries.
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Fig. 2.2 Cascade of fingers visible when making a fist, associated with MC and phalangeal
fractures

Table 2.3 Considered acceptable angulation in metacarpal fractures

Digits 2 3 4 5
MC shaft fracture angulation 0° 0° 20° 30°
MC neck fracture angulation 10° 15° 30° 40°

Clinical Features

Patients present with tenderness, swelling and loss of normal movement. There can
be shortening and a cascade of fingers can be visible in attempting to make a fist
(Fig. 2.2). Examination should identify complication caused by the injury such as
rotational deformities, neurovascular injury, compartment syndrome and open com-
ponents that would all require a hand surgeon consultation.

Specific Fractures

Boxer’s fractures (fifth MC fractures) are common metacarpal neck fractures
and represent about 20 % of hand injuries. Examination reveals dorsal angula-
tion, with palpable metacarpal head over the volar aspect and shortening of the
metacarpal length. The degree of angulation acceptable for MC fractures is
controversial (Table 2.3). Conservative management would allow a range of
40-50° but some suggested that up to 70° is acceptable without affecting the
outcome (Fig. 2.3).
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Fig. 2.3 Fifth metacarpal neck fracture or commonly called Boxer’s fracture

Investigations

Three radiographic views (AP, Oblique and Lateral) are necessary for adequate
assessment of metacarpal injuries. All three views are crucial to avoid missing a
fracture (Fig. 2.4).

Classification

Metacarpal (MC) fractures of the non-thumb are divided into head, neck, shaft and
base fractures.

Treatment

All MC fractures require reduction, splinting and referral. The most common
method after immobilisation would be a Position Of Safe Immobilisation (POSI)
volar slab or Radial (for digit 2-3) and Ulnar gutters (for digit 4-5). The ideal posi-
tion will be wrist extension at 30°, MCP joint at 90° flexion and extended interpha-
langeal at 0° (Fig. 2.5). Complicated injuries should be referred to hand surgeons
(Table 2.4).

Boxer’s fracture: Closed reduction is performed using the Jahss or the 90-90
manoeuvres. A wide degree of angulation is considered acceptable in these frac-
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Fig. 2.4 Importance of at least two views: fourth metacarpal fracture almost not visible in the AP
view and very obvious in the oblique view

tures. A Cochrane review suggested that there was no evidence of function reduc-
tion of unacceptable deformity in those with more marked mal-union. Immobilisation
will be as per other non-thumb MC fractures with ulnar gutter or POSI volar slab.

Prognosis

Head fractures are associated with cartilage involvement and joint disruption.
Literature review suggests no significant difference in outcomes in non-thumb
metacarpal fractures in splinting methods and excellent outcome in fifth MC
fractures treated conservatively.

Fractures of Phalanges
Pathophysiology

Phalangeal fractures are extremely common. The mechanism of injury varies from
sports injuries in young adult to machinery and falls in older adults. High-energy
injuries are more likely to require specialist input early on in the management.
Complicated fractures should be referred for surgical input (see Table 2.5).
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Fig. 2.5 POSI volar slab
plaster of Paris and ideal
position for
immobilisation

Table 2.4 Metacarpal Key points
injuries requiring hand

Emergency hand consultation MC injuries

surgeon’s consultation in
the ED Open fractures

Rotational deformity

Difficult reductions

Fight bite injuries associated with Boxer’s fractures

Table 2.5 Criteria Key points
for urgent surgical
referral in
phalangeal fractures

Urgent surgical referral criteria for phalangeal fractures

Amputations
Open fractures

Irreducible fractures

>10° angulation

2 mm shortening
Rotational deformity

Complicated fractures

Significant soft tissue injury associated
Intra-articular fracture with >30 % of articular surface involvement
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Fig. 2.6 Example of (a) distal, (b) middle and (¢) proximal phalangeal fractures

From a management point of view, simple fractures are divided into two cat-
egories (Fig. 2.6):

* Distal fractures and
* Middle and proximal fractures

Clinical Features

Common presentations are pain with swelling, rotational deformity (especially in
middle and proximal fractures) and loss of motion. Proximal fractures usually have
a volar angulation due to the flexion of the proximal fragment from the interossei
muscles and an extension of the distal fragment. Middle fractures can either have a
volar or dorsal displacement depending on the fracture site with regards to the FDS
(flexor digitorum superficialis). They are often associated with soft tissue injuries
that must not be overlooked during the examination.
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Fig. 2.7 Volar digital
splint

Investigations

Two views, AP and lateral, radiographs are recommended.

Classification

This is divided into tuft, shaft or base fractures. Oblique shaft fractures are more
likely to be unstable.

Treatment

Displaced closed distal phalanx fractures need to be reduced and immobilised by a
volar digital splint for 2-3 weeks and referred to hand clinic (Fig. 2.7). Tuft frac-
tures are often associated with nail plate avulsion or nail bed injuries and the plate
may have to be removed. Lacerated nail bed should be sutured and can be splinted
using the avulsed nail or gauze.

There is evidence to show that low-risk open distal fractures do not need prophy-
lactic antibiotics unlike high-risk fractures [4-9].

Displaced proximal and middle phalanx fractures require closed reduction and
splinting. The current literature suggests that middle fractures can be immobilised
for 2-3 weeks with a dynamic splint or buddy taping if the result of the reduction is
adequate. Proximal fractures, because of the instability of the oblique fractures, tend
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Fig. 2.8 Ulnar gutter
splints

to be immobilised using a radial or an ulnar gutter splints for 2-3 weeks. Some
hospitals will immobilise both middle and proximal phalanx fractures using POSI
without wrist immobilisation (Fig. 2.8). Complicated phalangeal injuries should be
referred to hand surgeons (Table 2.5).

Prognosis

Loss of motion is the most common complication associated with fractures with
articular involvements or those requiring extensive dissection. Prolonged immobili-
sation is associated with significant functional impairment making early rehabilita-
tion extremely important.

Difficult reduction of displaced fractures (malrotation, angulation and short-
ening) may result in mal-union requiring surgical treatment. Non-union is
uncommon but may happen in distal fractures but rarely need fixation unless
symptomatic.
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Thumb injury
Closed extra-articular Complex fracture
fracture
Reduction Open fractures
Rotational deformity
According to degree of Angulation > 30°
angulation Difficult reductions
Unstable fractures (Bennett & Rolando)

Y

Immobilisation

Y

Surgical review

Outpatient review
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Metacarpal fractures

Closed extra-articular Complex fracture

fracture

:

Reduction

Rotational deformities

Neurovascular injury

According to degree of Compartment syndromes

angulation
Open fracture
Non acceptable degree of angulation
Not reducible
Successful Failed
\
Immobilisation

Surgical review
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Phalangeal fracture

Simple fracture

VAN

Distal fracture Middle & proximal
fracture
Reduction
Volar digit POSI without wrist
immobilisation
immobilisation

Complex fracture

Y

Multiple fractures
Open fractures
Tissue loss
Amputation
Crush injury

Unstable or irreducible

Surgical review

Middle Proximal

dynamic splint or buddy taping radial or ulnar gutter
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Dislocations

All dislocations should have an x-ray to ascertain whether associated fractures are present.

MCP Dislocations

Most dorsal MCP dislocations are easily reducible. Complex fractures dislocation
have a palpable volar metacarpal head and are very difficult to reduce and often
require surgical input due to the tightening of both the lumbricals and ligaments
around the injury. Simple reduction should be immobilised at15° flexion in a POP
for review in fracture clinic.

Thumb Dislocation

Thumb dislocations tend to happen with a fall onto it or from hyperextension. These
injuries can be associated with a deeper injury due to the axial loading and should
be reduced and immobilised in a scaphoid plaster with a hand clinic follow up.

Phalanx Dislocation

Phalangeal dislocations may be associated with collateral ligament injury and may
require different immobilisation (Fig. 2.9). Simple reducible dislocation can be
immobilised using finger tapping and follow up should be arranged in hand clinic.

Amputations

Acute treatment of amputation should include fragment storage, haemorrhage con-
trol, analgesia and wound care. Most amputations should have an urgent surgical
review in the ED.

Ligamental Injuries

Ligamental injuries are not surgical emergencies and may therefore be treated with
delayed repair. Treatment may differ from hospital to hospital. Simple ligamental
injuries can be reviewed in hand clinic at a later stage.
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Fig. 2.9 Distal phalanx dislocation

Emergency treatment of open ligamental injury involves analgesia and thorough
wash outs to reduce the risk of wound infections in open injury prior to delayed
repair usually within 7-10 days. Complex ligamental injuries should be referred to
hand surgeons immediately.

Flexor Tendon Injury
Pathophysiology

Usually from laceration or forced extension during finger flexion.

Clinical Features

The patient is unable to flex the DIP or PIP joint, IP joint at the thumb or the wrist.

Investigations

Imaging should be performed to exclude fracture-dislocations and foreign body if
open.
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Management
Flexor tendon injuries should be immobilised and referred to the hand clinic within
7 days unless associated with a complex injury. A partial tear may not require any
surgical intervention.

As discussed earlier, all open wound should be irrigated and cleaned. Wounds can

be closed in simple injuries and splinted until the outpatient review. Antibiotic cover
should be given as well as tetanus prophylaxis in accordance with local protocols.

Extensor Injuries
Clinical Features
This injury is suspected when the patient cannot extend at the MCP joint, Thumb,

IP joint of the thumb or wrist. If the whole hand is affected, an ulnar nerve injury
must be excluded.

Investigations

Imaging should be performed to exclude fracture-dislocations and foreign body if open.

Management

In open cases, the wound can be explored and injury repaired depending on local
expertise. Otherwise, delayed repair should be organised as per flexor injuries. The
hand should be immobilised until hand clinic review within 7 days. Digit 2—5 should

be immobilised in a volar splint (MCP 10-15° flexion and IP straight) and thumb
injuries should be put in a spica splint.

Prognosis

Immobilisation can last 4—-6 weeks post repair with usually good outcome.

Mallet Finger
Pathophysiology
This is an injury of the extensor tendon at its insertion site at the distal phalanx sec-

ondary to a forced flexion of the distal phalanx (Photo). The deformity can be due
to a rupture or an avulsion fracture at the distal phalanx (Fig. 2.10).
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Fig. 2.10 Avulsion fracture of distal phalanx of ring finger associated with 2 mm displacement
commonly called Mallet Finger injury

Clinical Features

The patient presents with an inability to extend at the DIP. It can be associated with
a fracture, which can be either open or closed.

Investigations

An x-ray of the digit should be performed to ascertain if a fracture is present, and if
so, how much of the joint may be affected.

Management

The digit should be immobilised using a Mallet splint for 6 weeks. Splinting can
also be performed using a tongue depressor. The splinting can either be dorsal or
volar (Fig. 2.11). The Proximal joint should not be immobilised and the distal joint
should not be hyperextended due to a rare but potential risk of skin necrosis.

Operative management may be used in those with a fracture involving 40-50 %
of the articular surface. Simple open mallet injuries can either be repaired in the ED
or in theatres depending on local expertise.
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Fig. 2.11 Mallet splint or zimmer splint

Prognosis

Delay in treatment should not affect the outcome. Some patient may require longer
immobilisation, if the weakness is still present.

Digital Collateral Ligament Injury

The collateral ligaments play an important role in the stability of joints. The degree
of laxity should be compared with the opposite finger. If a weakness in one of the
ligaments is found during stress testing, the joint must be immobilised for a period of
10-14 days in the same manor as a proximal phalangeal fracture using a gutter splint.

Soft Tissue Injury of the Hand

Compartment Syndrome

It is a rare but potentially devastating injury making early referral is essential. There
are various causes and the course maybe insidious (Table 2.6). There are four potential
areas at risks, the thenar and hypothenars, the three palmar spaces and the four interos-
sei spaces. Thorough examination and high degree of suspicions are necessary to pre-
vent long-term damage (Table 2.7). Compartment pressure is not reliable and should
not be performed in the ED. Early referral if clinical suspicion is essential.

Lacerations

Simple lacerations should be closed in the ED. Historically, wound older than 6 h
should be treated with delayed closure. However, there are no absolute contraindi-
cations for primary closure. The history and examination of the wound are the most
important factors dictating the management strategies.
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Table 2.6 Causes of Key points
Eznmdpartment syndrome in the Causes compartment syndrome in the hand

Crush injuries seen in machinery accidents

High-pressure injection injuries

Extravasation of IV contrast and arterial line
misplacement

Rarely following prolonged immobilisation in MC
fractures

Table 2.7 Six Ps associated
with compartment
syndrome

Key points
Suspicious of compartment syndrome
Pain
Pallor
Paraesthesia
Pulselessness
Paralysis
Poikilothermia (temperature changes)

Closure is usually performed using non-absorbable interrupted sutures. However,
there is no current evidence suggesting any advantages of absorbable versus non-
absorbable sutures being used. Suture removal depends on the site of the laceration
but it is generally 10-14 days. More days should be allowed in sites of potential
tension such as the palm that may require up to 21 days. All at-risk wounds should
be referred for hand surgeon review [10].

Degloving Injuries

All degloving injuries should be referred for an urgent surgical review.

Fight Bite Injury

Those injuries are high-risk injuries associated with structural and infectious
complications such as tenosynovitis and osteomyelitis and should be referred for
surgical review. In fact the literature suggests an associated complication rate of
about 75 % (joint violation, tendon injury, fracture and cartilage injury).
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Table 2.8 Signs associated with Kanavel’s signs

ogenic flexor tenosynovitis : :
pyog Y Symmetrical swelling

Tenderness of flexor tendon
Passive extension very tender
Fixed flexion of affected finger

Deep Tissue Infections
Pyogenic Flexor Tenosynovitis

It is an infection of the flexor tendon sheath associated with a penetrating injury
usually at the crease of the digit, as this is the most superficial part of the tendon.
The presentation is insidious as this could have happened several weeks back and
may present as a simple redness over the palmar aspect of the finger.

Diabetes, immunosuppression and intravenous drug use are the main risk factors.
The classical sign is “Kanavel’s signs” (Table 2.8) [10-12].

These should all be referred for urgent exploration and IV antibiotics.

Complications are very severe; the infection can spread down the sheath and
infect the radial bursa (if thumb infection) or the ulnar bursa (other four digits). In
50-80 % of patients both bursa communicate so the infection can spread to the
whole palmar aspect creating a “Horseshoe” abscess. This can spread further down
and infect deep tendons and lead to severe damage and sepsis.

Wrist Trauma

The wrist injuries are one of the most common injuries worldwide. Distal radio
ulnar injuries will be covered in the upper limb section.

Carpal Bone Fractures

Apart from scaphoid fractures, carpal bone fractures are very rare. The most com-
mon mechanism of injury is the fall onto an outstretched hand (FOOSH). And the
examination is often difficult due to pain and deformities. It is important to identify
whether the injury is likely to be carpal or distal upper limb to order the right imag-
ing modality [14].
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Scaphoid Fractures
Pathophysiology

Scaphoid injuries present following two potential type of injuries: FOOSH and the
so-called “kick back injury” common with hard handle or steering wheel injuries.

Clinical Features

The most common presentations are pain, swelling over the radial side of the wrist
and diminished grip strength was also identified in over 50 % of cases. On examina-
tions, pain can be elicited over the anatomical snuffbox and the palmar aspect of the
scaphoid. There can also be pain on longitudinal pressure of the thumb and ulnar
deviation of the wrist. The sensitivity of those symptoms is a 100 % but specificity
is variable.

Investigation

Specific scaphoid views (AP/Lateral Right and Left oblique) should be performed
but negative x-rays do not exclude such injuries (Fig. 2.12). Highly suspicious
injury should be treated as potential fractures in view of the serious complication
encountered in missed fractures.

Classifications

There are various classifications based on anatomical position (Mayo, Russe and
Herbert’s based on the stability of the fracture) that do not add any value into the
emergency treatment.

Treatment

All non-displaced fractures should be immobilised in a scaphoid POP with hand
clinic review in 10-14 days, although some would advocate a follow up imaging
within 7 days [15]. They may require further 6 weeks depending on local protocols.
Delayed established fractures and should be referred to hand clinic. Suspicious
mechanism with minimal tenderness and negative or inconclusive imaging should
be immobilised with a thumb splint and reviewed in hand clinic.
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Fig. 2.12 Scaphoid fracture of the right hand

Table 2.9 Adverse event Main adverse event associated with scaphoid fractures
associated with scaphoid fractures :
Delayed union
Osteonecrosis
Pseudoarthrosis
Arthrosis
Instability

Carpal joint collapse

Prognosis

Complications of delayed or inappropriate fractures management can lead to sig-
nificant functional restriction (Table 2.9).

Triquetral Fractures
Pathophysiology

These are the second most common carpal fracture after scaphoid fractures. The
mechanism is believed to be a fall with dorsiflexion and ulnar deviation.
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Clinical Features

Focal pain over the dorsal aspect of the triquetrum suggests an avulsion fracture.

Investigations

Three views radiography should be performed and may be identified in a lateral and
oblique view. If the injury is suspected, CT may be performed.

Classification

Most commonly seen are body fractures, less likely are volar avulsion and dorsal
cortical fractures.

Treatment

Although operative treatments may be considered in the future, immobilisation with POP
slab for 4—6 weeks with organised review is the treatment of choice in the acute phase.

Prognosis

There is excellent prognosis after 6—8 weeks with reduced pain and return to normal
wrist motion. In poor outcome, luno-triquetral injury should be considered.

Trapezium Fractures

Usually, trapezium fractures result from an axial loading onto the thumb. It can be
associated with Bennett’s fracture. Non-displaced fractures can be immobilised with
a thumb splint or spica splint for 4-6 weeks. In cases of displaced fractures, there is
some argument for earlier hand surgical review to ascertain earlier operative options
in young patients to reduce potential arthritis secondary to the displacement.

Wrist Instability and Collapse

Lunate Dislocation (Perilunate Dissociation)

This is a rare injury resulting from high-energy impact fall on a wrist extension and
ulnar deviation. Common presentations are similar to all FOOSH with swelling and
tenderness but can also be associated with median nerve paraesthesia.
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The lateral x-ray would demonstrate the up lifting from the rest of the carpal
bones and the concave surface facing the volar aspect (spilled tea cup appearance).
The lunate is neither articulated with the radius or the capitate as opposed to
perilunate dislocation that demonstrates a radial articulation.

All lunate dislocation should be referred for surgical review. There are associated
with median nerve injury, avascular necrosis, complex regional pain syndrome and
rarely progressive weakness. Patient may find it difficult to do push ups or bear any
weight across the wrist.
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Chapter 3
Lower Limb

David Paradise and Savvas Papasavvas

Key Points

» Key priorities in the management of neck of femur fractures are analgesia,
early preoperative optimisation and early post-surgical mobilisation.

* Management of femoral shaft fractures should ensure haemodynamic
resuscitation and haemorrhage control as priorities due to potential for sig-
nificant blood loss.

* Imaging of knee and ankle can be used appropriately by application of
simple decision rules aimed at reducing unnecessary radiographs.

Introduction

The lower limb is responsible for bearing significant load in many everyday activi-
ties. The anatomy of the limb and joints reflects how these loads are translated dur-
ing movement. As a result of its key role in movement, injury to the lower limb can
result in significant morbidity and in some cases mortality.

* Global projections indicate that the number of hip fractures alone will rise from
1.66 million in 1990 to 6.26 million by 2050 [1].

» Average length of stay in the United Kingdom for lower limb injury is 9.1 days
versus 3.0 for upper limb injury [2].
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This chapter will cover the most common lower limb injuries that are likely to be
encountered in everyday practice. Each of the most common clinical presentations
is covered, and associated pathophysiology, investigations and immediate manage-
ment options are outlined. As with all trauma presentations, continual assessment
for life-threatening injury should precede detailed limb and joint examination.

For all the injuries described in the chapter, the following key factors will
improve the diagnosis:

* Focus on thorough history and examination.

e Attempt to translate mechanism into suspected injury patterns.

e Combining anatomical knowledge with an understanding of the injury mecha-
nism will improve diagnosis.

Neck of Femur Fracture

These fractures occur in the proximal portion of the femur, specifically from the
most proximal point to 5 cm distal of the greater trochanter.

Pathophysiology

 Incidence increases with age.
e Most common in elderly women.
* Most likely mechanism is a fall onto the affected side.

Clinical Features

Diagnosis of hip fractures will be initially based on mechanism likely to result in a
fracture, such as a fall onto the affected side.

» If fractured, palpation over the anterior femoral neck and the greater trochanter
may elicit pain.

» Fractures will cause pain on rotation of the affected limb.

* Many patients will not be able to bear weight, but this is not universally the case.

» Shortening and external rotation of the affected limb are important signs but are
not always present.

Differential Diagnosis

e Pubic rami fractures
e Acetabular fractures
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Investigations

Consider pelvic or hip imaging in acutely or chronically confused patients follow-
ing fall where a good history and examination are difficult.

If the fracture line is difficult to identify on initial AP pelvis and lateral hip x-ray,
look carefully for asymmetry of trabeculations and Shenton’s lines [3]. If doubt
persists, then consider early CT or MRI; undisplaced fractures are often missed
especially if patients can bear weight following the injury.

Fracture classification is based on the level at which the fracture is in comparison
to the insertion of the joint capsule. The joint capsule inserts along the intertrochan-
teric line. Fractures are defined as either intracapsular or extracapsular. Extracapsular
fractures can be further defined as trochanteric or subtrochanteric (Fig. 3.1).

Intracapsular fractures are more prone to complications as they may interrupt
vascular supply to the femoral head resulting in avascular necrosis. The head is
often very fragile and may provide difficulties for any surgical fixation. Definitive
management decisions are based on many factors, but displacement of the fracture
plays a major part. The degree of displacement is assessed using the Garden clas-
sification [4]; see Table 3.1; type 3 and 4 fractures carry the worst prognosis.

Treatment

The priorities are:

1. Analgesia (increasing opioid requirements in elderly patients means that nerve
blocks such as the fascia iliaca block [5] may provide adequate analgesia without
potential for opioid-based side effects)

Fig. 3.1 Right comminuted intertrochanteric fracture
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Table 3.1 Garden classification
Type 1 | Inferior cortex not completely broken, but trabecular lines are angulated with valgus
impaction
Type 2 | Fracture line complete but no angulation and no displacement of fracture seen

Type 3 | Obvious fracture line, associated femoral head rotation in the acetabulum, slightly
displaced

Type 4 | Fracture is fully displaced
Adapted from Garden [4]

2. Investigations to reflect the individual patients likely needs preoperatively.
3. Resuscitation and preoperative optimisation should begin at the earliest opportu-
nity. A management algorithm can be seen below.

Neck of Femur Algorithm

Neck of femur fracture

A
Investigations: Analgesia:
X-ray Paracetamol
CT/MRI opiod
nerve block

A
Cognitive assessment

y
Preoperative assessment
Rehydration
Correct electrolyte abnormalities
Optimise cardiovascular and respiratory systems

A 4

Operation within 24 h

A 4

Multi-disciplinary rehabilitation
Early mobilisation
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Early input from a multidisciplinary team, including a geriatrician, has been shown
to improve outcomes [6]. The goal of management is to operate at the earliest
opportunity to allow the patient to mobilise early in the post-operative period.

Surgical Management

e NICE in the United Kingdom [7] recommends that displaced intracapsular frac-
tures (types 3/4) should undergo hemiarthroplasty or total hip replacement.

» For type 1/2 injuries, closed reduction and internal fixation is often the operative
choice [7].

* Trochanteric fractures are commonly managed with extramedullary devices such
as the sliding hip screw.

* Extratrochanteric fractures will require intermedullary nails [7].

Prognosis

Neck of femur fracture carries high mortality and morbidity.

e UK mortality one-third in first year post injury.
* Significant rehabilitation required.
* Annual cost of hip fractures in the United Kingdom is £2 billion [7].

Prevention

 Falls prevention
* Improving bone density in elderly female patients [8]

Femoral Shaft

Pathophysiology

* High-energy transfer mechanisms are likely in young people.
* May result from simple falls in the elderly/frail.
* Assume femoral shaft fractures are associated with significant other injuries.

Clinical Features

Obvious deformity and swelling to the femur associated with significant energy
transfer trauma should raise the possibility of femoral fracture.
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Differential Diagnosis

Large hematoma and soft tissue injury may result in significant limb swelling but
are not likely to impair weight bearing.

Investigations

AP and lateral x-rays should be performed but can be delayed until traction
splints are applied and hemodynamic stability is restored (Fig. 3.2). Many forms
of splint are readily available and may have already been applied by prehospital

Fig. 3.2 Mid-shaft
fracture of the left femur
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practitioners. In this case, if position and effect are considered sufficient, leave
in situ.

Femoral Shaft Fracture Algorithm

Femoral shaft fracture

A 4
Pathological fracture -
Fracture due to metastasis High energy fracture
Low energy fracture

A 4

3 ATLS - principles applied
Analgesia Analgesia
Resuscitation Secondary survey
Open reduction internal fixation Traction and immobilisation
Radiotherapy X-rays —Pelvis and femur AP and
lateral

A 4

Preoperative optimisation
Open reduction and internal fixation

4

Multidisciplinary rehabilitation

Treatment

* Consider analgesia as appropriate.

* Active resuscitation and haemorrhage control.

* Control haemorrhage by reduction of fracture reducing potential for ongoing
bleeding.

* Apply traction device to maintain reduction of fracture.

A treatment algorithm can be seen above.
Definitive management will require specialist opinion and likely operative man-
agement for intermedullary nail.
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Prognosis

Recovery will depend on severity of the original injury. Fracture union should occur
over a period of 10-14 weeks depending on mechanism and severity of injury.
Many factors will affect full recovery including reduction in length of affected leg
and reduction in power of hamstrings. Studies indicate a wide range time to return
to work, one study suggesting up to 30 weeks as an average [9].

Prevention

Accident prevention strategies should be supported by health care services and gov-
ernment agencies with the aim of reducing these types of injury. For low-energy
accidents, falls prevention work may also be of benefit.

Knee

Anatomy

Four ligaments support the articulation of the femur on the tibia. The anterior and
posterior crucial ligaments reduce anterior and posterior displacement of the tibia
relative to the femur. The lateral and medial collateral ligaments prevent the knee
being forced to open up in a lateral or medial direction.

Pathophysiology

There are multiple components to the knee, and each will be injured by differing
mechanisms.

Clinical Features

Injury to any component of the knee will often result in significant swelling and
pain making examination difficult. An appropriate mechanism of injury associated
with inability to bear weight or reduced range of movement of the knee may be
present. Careful examination of the joint line and ligaments should be attempted if
pain allows in an attempt both to achieve more accurate diagnosis and provide an
assessment of stability. Decisions about imaging are equally problematic. Imaging
rules developed by Stiell et al. are designed to reduce unnecessary radiographs [10].
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Imaging of the knee is only required if patients meet any of the following
criteria:

1. Age 55 or older

2. Isolated bony tenderness on palpation of patella (no bone tenderness of knee

other than patella)

Bony tenderness of proximal head of fibula

Flexion less than 90°

5. Inability to bear weight immediately after incident and for four steps in the
emergency

B w

Condylar Fractures

Fractures in the distal portion of the femur between or at the level of the condyles
are likely secondary to significant force. Often this type of fracture will be signifi-
cantly displaced due to the action of gastrocnemius on the distal portion of the
femur (Fig. 3.3). Unless there is no displacement, all fractures at the level of the
condyles will require operative fixation.

Portable
In Resus

Fig. 3.3 Comminuted left
distal femur fracture
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Ligamentous Injury

Ligaments provide the majority of stability to the knee joint, and significant morbid-
ity can result from injury.

Pathophysiology

Valgus or varus force through the knee is likely to result in ligamentous injury.

Clinical Features

Signs of injury such as swelling and pain are significant findings in themselves but
also make detailed examination of the ligaments and their integrity difficult.
Examination should include ligamentous testing; posterior and anterior drawer tests
and testing of collateral ligamentous integrity should all be completed if possible.
Often if ligaments are significantly damaged, examining these ligaments immedi-
ately or in the time initially following the injury may not demonstrate laxity before
pain created by the test is too great.

Treatment

Management is initially conservative with immobilisation and support as required.

Prognosis

Further assessment and investigation including imaging such as MRI can often be
left until initial phase of injury is improving. Surgical repair may be avoided with
good physiotherapy-led rehabilitation.

Patella Injury

Patella Dislocation

This is the loss of congruity in the patellofemoral joint.
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Pathophysiology

The stability of this joint is dependent on the depth of the grove in which the patella
runs, known as the trochlear groove.

Clinical Features

The history will be of sudden-onset pain and swelling to the knee with inability to
mobilise. The patella will be seen or felt to be out of place by the patient. This type
of injury often results from changing direction on a planted foot. Many patients will
experience recurrent episodes and may have relocated the patella prior to arrival in
the emergency department.

Treatment

Immediate management is to relocate the patella. Flexion of the hip and medial
pressure on the patella whilst extending the knee should relocate the patella into the
trochlear grove. The knee should be supported in extension to encourage the recov-
ery of supporting structures.

Prognosis

If dislocations are recurrent, surgical intervention may be considered.

Patella Fracture

A direct blow onto the patella itself can result in a fracture of the patella.

Clinical Features

If fracture results in separation of fragments, then the extensor mechanism of the
knee will be impaired.

Investigations

AP x-rays can often be misleading as bipartite patella can appear as a fracture, and

fractures that are undisplaced are difficult to detect. Some displacement is com-
monly seen in the lateral view (Fig. 3.4).
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Fig. 3.4 Displaced left patella fracture

Treatment

* Injured leg should be placed in above-knee POP cast.
e Operative management likely if patellofemoral surface is disrupted or significant
separation of fragments.

Tibial Plateau Injury

The tibial plateau is a significant joint surface that bears full body weight during all
load-bearing exercise. As such any damage to its surface will result in significant
morbidity unless managed in an appropriate way.

Pathophysiology

* Valgus stress under axial loading in a patient who is 50 years of age

There is often association between tibial plateau fractures and soft tissue and
ligament damage; stress testing for this type of injury is important [11].

Investigations

The fat-blood interface (FBI) sign may be present in 35 % of intra-articular, tibial
plateau fractures. This is seen on lateral view x-rays and is a fluid level that develops
due to the lower density of fat compared to the blood that lies below it.

Treatment

* Initial long leg plaster of Paris cast.
e Operative management is likely to be indicated unless frail or minimal
displacement.
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Tibia and Fibula Shaft Fractures (Figs. 3.5 and 3.6)

» Fractures affecting the shaft of the tibia are likely to affect the fibula as well.

* Injuries are likely as a result of high, energy transfer.

» Significant danger of compartment syndrome developing. Ensure specific advice
regarding compartment syndrome is given to both patient and staff.

* Initial management should be elevation and application of POP back slab.

Injuries to the Ankle

* Common presentation in the majority of emergency departments.

e A combination of bony, ligamentous and cartilaginous structures interacts to
ensure stability and flexibility.

¢ The joint consists of the talus bone sitting in between the distal ends of the tibia
and fibula and is held in place by the strong ligaments.

Pathophysiology

Injury occurs when the talus is forcibly moved in an abnormal direction within the
confines of the bones and ligaments that surround it.

Fig. 3.5 Left tibial plateau fracture
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Fig. 3.6 Right proximal
fibula fracture

Clinical Features

A good history for ankle injury should include:

¢ Previous injury and mobility prior to injury

e Mechanism of injury — specifically position of ankle at time of impact or
injury

* Initial ability to mobilise following injury

* Other joint/bone problems following incident

If the deformity is suggestive of dislocation or significantly displaced fracture,
this should dictate prompt neurovascular assessment. Urgent reduction prior to
x-ray should be undertaken if any concern is present regarding vascular compro-
mise secondary to ankle injury.
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Investigations

The Ottawa ankle rules aim to reduce inappropriate radiological investigations.
X-ray is only required when pain in the malleolar region is associated with three
criteria which can be seen below [12]. The x-ray in Fig. 3.7 shows a bi-malleolar
fracture of the right ankle with significant talar shift. Furthermore, Fig. 3.8 demon-
strates a tri-malleolar fracture of the right ankle, where the posterior component is
also fractured (Table 3.2).
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Fig. 3.8 Tri-malleolar fracture of the right ankle
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Table 3.2 Indicators for

) < 0 ors o Tenderness over the distal 6 cm of the posterior or tip of the
radiological investigation in lateral malleolus
ankle injury

Tenderness over the distal 6 cm of the posterior or tip of the
medial malleolus

Inability to bear weight immediately after the accident or in
the emergency department

Adapted from Stiell et al. [12]

Fig. 3.9 Interruption of
the interosseous membrane
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Treatment

Stability of an ankle fracture must be assessed to ensure appropriate manage-
ment is undertaken. Fractures of the fibula with either a severe injury to the
contralateral ligament or medial malleolus are inherently unstable. These frac-
tures are likely to benefit from surgical fixation. Figure 3.9 shows interruption
of the interosseous membrane but no visible fracture, causing instability of the
ankle.
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Table 3.3 Ankle fracture Fracture dislocations
patterns likely to require

. . Fractures with significant talar shift
operative fixation

Bi-malleolar and tri-malleolar fractures
Lateral malleolar fractures with ligamentous injury medially

Conservative management of reduction and stabilisation with plaster of Paris
below-knee ‘back slab’ will improve healing and allow better pain control to be
achieved. This is possible only for those fractures that are minimally displaced and
considered stable. Fracture patterns that are likely to require operative fixation are
listed below [13]. All ankle fractures even those that are discharged from the emer-
gency department require early orthopaedic review for definitive management plan-
ning (Table 3.3).

Differential Diagnosis

* Ankle ligament injury (these can result in long-term pain and reduced mobility
for the patient and should be treated with appropriate care; the lateral ligaments
are especially at risk from inversion injuries)

Achilles Tendon Rupture

Pathophysiology

Overflexion of the ankle joint producing sudden stressed extension of the Achilles
tendon can result in partial or complete tears to the Achilles tendon.

Clinical Features

* Sudden-onset posterior calf or ankle pain with associate inability to mobilise;
patients may describe a snapping sensation.

» Step or loss of continuity of the tendon itself with associated tenderness.

¢ Complete rupture may result in swelling or bunching in the calf.

e The Simmonds-Thompson test, where plantar flexion is elicited by compression
of the calf, may show reduced or lost range of movement when compared with
the opposite side [14].
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Treatment

Initial management should be analgesia and patient being placed in an equinus cast
so that the foot is held in plantar flexion. All patients with diagnosed or suspected
Achilles tendon injury should be reviewed at the earliest opportunity by an ortho-
paedic specialist for consideration of surgical intervention [15].

The Foot

Anatomy

There are multiple bones and ligaments in the foot that allow it to absorb significant
loading forces during weight bearing exercise. The tarsal, metatarsal and phalanx
bones are grouped into hindfoot, midfoot and forefoot for descriptive purposes.
A working knowledge of the bony and ligamentous anatomy will improve clinical
examination and diagnosis.

Hind Foot: Calcaneal Fractures
Pathophysiology

The calcaneum forms the heel of the foot and is often injured following falls when
the injured party lands on their feet.

Clinical Features

* Tenderness and swelling over the calcaneum following fall onto feet.
e Calcaneal injury should raise concern regarding injury at any level above this
especially to the acetabulum, pelvis and spine.

Imaging

e Specific radiographs for calcaneal fracture request both lateral and axial views
(Fig. 3.10).

e The extent of any injury can often be significantly greater than indicated by the
radiograph.

e Low-energy mechanisms can result in radiological findings that can be
missed.
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Fig. 3.10 Fracture of the
left calcaneum

Table 3.4 Indicators for Indicators for radiological investigation of foot fractures
radiological investigation

of foot fractures

Bony tenderness over the base of the 5th metatarsal

Bony tenderness over the area of the navicular

Inability to bear weight at the time of the injury or in the
emergency department

¢ Look for flattening of Bohler’s angle, which indicates displacement of the poste-
rior area of the bone [16].
* Gold standard imaging modality is CT [17].

Treatment

Management should include an early orthopaedic opinion because management
decisions regarding operative intervention need to be made.

Midfoot and Forefoot Fractures
Investigations

Stiell et al. determined that foot x-rays should only be ordered if there is any mid-
foot pain and any of the features seen in the table below [18]. Toe phalanx fracture
and dislocation should be determined by inspection and palpation and may not
adhere to the foot rules for x-ray (Table 3.4).
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Fifth Metatarsal Fractures
Pathophysiology

Avulsion fractures are by far the most common of all fifth metatarsal fractures.
These occur when there is inversion of the ankle and are commonly associated with
lateral malleolar fractures. The bony attachment of peroneus brevis is avulsed as the
peroneus muscles attempt to correct inversion. It is very often missed as focus is
drawn by pain and swelling to the ankle.

Investigations

The x-ray may be difficult to interpret due to normal variants mimicking fractures;
however, the fracture line will normally run at right angles to the bone’s long axis.

Treatment

Management of avulsion fractures is below-knee plaster of Paris or walking boot.

Prognosis

Recovery will be 5-7 weeks. If significantly displaced or accompanied by other
injury, then orthopaedic consultation and operative fixation may be considered.

The Jones fracture of the fifth metatarsal is often more distal on the bone and
likely to be a stress-type fracture. Careful management is required due to significant
chance of non-union [19].

Phalanx Fractures

If phalanx fractures have minimal displacement or angulation, no treatment is
required, and buddy strapping to adjacent toe may improve pain. Significant displace-
ment may benefit from reduction. Ensure no evidence of open fracture is present.
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Chapter 4
Spinal Injury

Michael Trauer, Jignesh Tailor, and Shumontha Dev

Key Points

» Early rapid assessment and initial appropriate imaging are essential in spi-
nal injury.

» Cervical spine immobilisation is important to prevent further damage.

* SCIWORA is a more likely diagnosis in children under 8 years of age.

Adult Cervical Spine Injury

Cervical spine (C-spine) injuries may result in a serious long-term disability, and
thus their management in the acute situation is both incredibly important and sub-
ject to litigation:

* Good multidisciplinary approach to patients with cervical spine injuries.

* Understanding of the indications.

* Familiarisation with the guidelines that are available for imaging in C-spine inju-
ries is essential within a busy emergency department.
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It should be established early:

e Whether the patient’s mental status is normal.
* Alcohol, drugs, head injury and shock can all alter the pain perception, and there-
fore, injury should be assumed in these types of patients.

Hence, a proper history is A MUST as shown in table below.

Key Points

A: altered mental state — check whether drugs or alcohol is on board.
M: mechanism — is there potential for injury?

U: underlying conditions — are there high-risk factors for fractures?
S: symptoms — is there pain or paraesthesia?

T: timing — when did symptoms start?

Who to Image?

Senior emergency doctors should be familiar with current local guidelines for
C-spine imaging so that patients can be swiftly assessed and any unnecessary,
uncomfortable and potentially harmful immobilisation removed. At the time of
writing, the UK guidelines as published by NICE in 2014 (based on the NEXUS and
Canadian rules) can be summarised as follows [1].

CT imaging of the spine should be performed on the following ‘high-risk’ groups
[2]:

* GCS <13 or intubated (go straight to CT)

e Multiregion trauma or head injury requiring CT imaging or surgery

» Focal peripheral neurological deficit or paraesthesia in the upper or lower limbs
(know your dermatomes and myotomes)

* Dangerous mechanism or >65 years old + any neck pain and visible supracla-
vicular or painful thoracic injury

Key Points
Dangerous mechanisms include:

 Fall from a height of >1 m or five stairs

» Axial load to the head, for example, diving

* High-speed motor vehicle collision

* Rollover motor accident

* Ejection from a motor vehicle

* Accident involving motorised recreational vehicles
* Bicycle collision
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Furthermore, CT imaging of the cervical spine should be considered:

If plain film imaging is inadequate

If suspicion or certainty of abnormality of plain film
In patients with dementia

If new neurological signs or symptoms

If severe neck pain (>7/10 severity)

If significantly reduced range of neck movement

In patients with known vertebral disease

CT should cover the area from cranio-cervical junction to the thoraco-cervical

junction.

If none of the above ‘high-risk’ features are present, at least one of the following

‘low-risk’ features must be present for the clinician to be able to attempt to clear the
neck clinically as follows [3, 4]:

Simple rear end

Ambulatory at any time since accident
Sitting up in ED

Delayed onset neck pain

No midline cervical spine tenderness

Patients that are unable to rotate their neck 45° in both directions or report severe

pain (>7/10 severity) on doing so should have cervical spine imaging performed.

It is important to note that the use of the clinical decision rule may lead to patients

being discharged without imaging with the following ‘insignificant’ cervical spine
injuries:

Isolated spinous process fracture not involving the lamina
Isolated osteophyte fracture (not corner or teardrop fracture)
Isolated transverse process fracture not involving the facet joint
Simple vertebral compression fracture (<25 % loss of height)

Key Points
Modified Canadian cervical spine rule [3]:

* GCS <15 on assessment in the ED

* Paralysis, focal neurological deficit or paraesthesia in the extremities

* Patients with abnormal vital signs (systolic BP <90 mmHg or respiratory
rate outside of the range 10-24 breaths per minute)

» Urgent requirement to identify a cervical spine fracture

* Severe neck pain (>7/10 severity)

* Patients with a dangerous mechanism of injury and either a visible injury
above the clavicles or a severely painful thoracic injury even if there is no
neck pain or tenderness
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» Patients with neck pain and any of the following high-risk factors:
* Fall from >1 m or five stairs

* An axial load to the head, e.g. diving

* High-speed motor vehicle collision

* Rollover motor vehicle accident

* Ejection from a motor vehicle

* Accident involving motorised recreational vehicles

* Bicycle collision

» Age 65 years or more

 Injured more than 48 h earlier

» Reattending with the same injury

* Known vertebral disease (RA, ankylosing spondylitis, spinal stenosis)

The above indications for imaging only apply to adults who are not intoxicated
and do not have significant distracting injuries.

If no high-risk and at least one low-risk features are present, remove the collar
and test movements:

 If the patient is unable to flex laterally 45° left and right or this causes severe pain
or upper limb paraesthesia, then re-immobilise and request three-view cervical
spine x-rays (AP, lateral C-spine and odontoid peg views).

 If the x-rays are inadequate, suspicious or definitely abnormal, then perform CT
imaging of the C-spine.

How to Read C-Spine X-Rays

It is important for the emergency physician to be confident in clearing C-spine
x-rays (Figs. 4.1, 4.2 and 4.3) as a report may not be forthcoming and immobilisa-
tion needs to be removed as soon as possible. A systematic approach will avoid
missing abnormalities, and a commonly used system is the ABCD system:

* A —adequacy and alignment
* B —bones

e (- cartilage

e D —dense soft tissues

In respect to adequacy, the C-spine should be visualised from the atlanto-occipital
joint to the junction of C7 and T1. A swimmer’s view may be necessary to visualise
the lower cervical vertebrae.
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Fig. 4.1 Lateral view of nor-
mal C-spine

Fig. 4.2 AP view of normal
C-spine
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Fig. 4.3 Odontoid
(open-mouth) peg view of
normal C-spine

For assessment of alignment, four longitudinal lines along the lateral view should
be traced:

* Anterior vertebral line (anterior longitudinal ligament)

» Posterior vertebral line (posterior longitudinal ligament (PLL), anterior border
spinal canal)

* Spino-laminar line (posterior border spinal canal)

* Spinous process line (tips of the spinous processes)

Also, three longitudinal lines along the AP view should be traced:

* Spinous process line (should be equally spaced)
» Foraminal lines (asymmetry could indicate uni- or bi-facet dislocation)

On the peg view:

* Borders of the lateral masses of C1 and C2 should be aligned.

o If the overhang of C1 on C2 is >7 mm, the transverse atlantal ligament (TAL)
may be disrupted. This is also known as the ‘rule of Spence’ for assessing trans-
verse ligament integrity.

On assessment of the bones:

e Outline of each vertebra should be traced, noting any discontinuities or
irregularities.

* Any subtle avulsion fractures should be looked for along the anterior longitudi-
nal ligament on lateral view.

In respect of the cartilages:

* Each disc from C2 to C3 caudally should be uniformly spaced.

* Distance from the anterior dens to the posterior border of the anterior arch of C1
should be <3 mm (may be a sign of anterior atlanto-axial subluxation associated
with TAL disruption).
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The following limits apply for the dense soft tissues:

C1-C3: <7 mm or 30 % vertebral body width
C4-C7: <22 mm or 100 % vertebral body width

Specific Fracture Patterns

The fractures of the C1 vertebra can be classified as follows:

Type I: involving a single arch
Type II: burst fracture (the classic Jefferson fracture)
Type III: lateral mass fractures

Sir Geoffrey Jefferson, a British neurosurgeon, originally described the Jefferson

fracture in 1920. It was classically described as a four-point (burst) fracture of Cl1.
However, the term is now more commonly used to describe the more common
three- or two-point fractures. It typically occurs after an axial load to the head.
Although it is an unstable fracture, there tends to be normal neurology as the spinal
canal is wide at the upper cervical spine.

Odontoid peg fractures can be categorised as follows [5]:

Type 1: tip of peg — this is rare and usually not an isolated fracture and may be
manifestation of atlanto-occipital dislocation.

Type 2: base of peg — unstable and often require operative fixation.

Type 3: extending into the body of C2 — stable

A hangman’s fracture (Figs. 4.4 and 4.5):

Is a bilateral fracture through the pars interarticularis of C2, with traumatic sub-
luxation of C2 on C3.

Typically occurs from hyperextension of the neck (e.g. the forehead hitting a
windscreen).

Levine classification (modified from Effendi et al.) is used to grade adult hang-
man’s fractures based on the degree of subluxation (and whether angulation) of
C2 and C3.

There are broadly three types as follows:

Type I: <3 mm subluxation — stable and fracture lines may not be seen (IA).
Type II: >3 mm subluxation or <3 mm with >15° angulation (IIA, rare) — signi-
fies disruption of the C2/C3 disc and PLL and, therefore, unstable injury.

Type III: subluxation of C2/C3 facets — signifies bilateral facet capsule
disruption.

As with Jefferson fractures, the neurological examination may be normal in

patients with hangman’s fractures as the spinal canal is wide at this point.
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Fig. 4.4 CT scan lateral
view showing hangman’s
fracture

Fig. 4.5 CT scan AP view
showing hangman’s
fracture

The nature of subaxial (C3—C7) fractures is usually determined by the mecha-
nism of injury and the position of the neck at the time of injury [6]:

¢ Flexion

— Acting alone: look for unilateral/bilateral facet dislocation.
— With compression: look for anterior vertebral body fractures.
— With distraction: look for torn PLL + dislocated/locked facets.
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Extension

— Acting alone: look for spinous process fractures.

— With compression: look for fractures in lateral mass or facet.

— With distraction: look for torn ALL + retrolisthesis of superior vertebrae on
inferior one.

Neutral position

— With compression: look for burst fracture.
— With distraction: associated with complete ligamentous disruption (usually
unstable).

In the lower cervical spine, a burst fracture:

Involves both the anterior and posterior end plates of the vertebral body
Usually occurs following vertical compressive forces on the C-spine

Remember that around 20 % of patients with major spine injury will have a sec-

ond spinal injury at another level, which may be noncontiguous. Therefore, con-
sider imaging the rest of the spine with AP/lateral x-rays or CT if a C-spine injury
is found [7].

Spinal Cord Injury

As explained above, some injuries may produce fractures of the spinal column, but
may not injure the spinal cord (particularly those at the C1/C2 level). Injuries to the
spinal cord are classified as [11]:

Complete — no motor or sensory function is preserved in S4-S5 segments (no
voluntary anal contraction, anal sensation or sensation in S4-S5
dermatome).

Incomplete — motor or sensory function is preserved below the neurological
level.

Clinically, incomplete lesions may produce one of the following syndromes,

depending on the location of the injury in the spinal cord.

Central cord syndrome (injury to the central part of the cord) is the most com-

mon type of incomplete spinal cord injury:

Usually from hyperextension injury in an older person with osteoarthritis of the
spine

Disproportionately greater motor deficit in the upper extremities (centrally
located arm tracts) than the lower

Sensation variably spared
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Brown-Sequard syndrome (hemi-section of the cord):

 Ipsilateral motor paralysis below the lesion (due to corticospinal tract lesion)
and posterior column function (proprioception and vibratory senses), with con-
tralateral loss of pain and temperature sensation (due to spinothalamic tract
lesion).

* Prognosis for recovery is good.

Anterior cord syndrome (cord infarction in the territory of the anterior spinal
artery):

* Quadriplegic (lesion above C7), with dissociated sensory loss below the lesion —
loss of pain and temperature sensation bilaterally, with preserved proprioception,
two-point discrimination and vibration sense (posterior column function)

Posterior cord syndrome (involves the dorsal column of the spinal cord):

* Loss of proprioceptive vibratory sense with sensory and motor functioning
spared
* A rare syndrome

The emergency doctor should be aware of these clinical syndromes and act
promptly to protect the spine with immobilisation, arrange appropriate imaging and
discuss with neurosurgical colleagues at an earliest opportunity.

Indications for MRI Cervical Spine

MRI scan should be used to exclude cervical spine injury in adults following blunt
trauma if any of the following criteria are met:

* Neurological signs and symptoms referable to the cervical spine
* Suspicion of vertebral artery injury (e.g. spinal column displacement, foramen
transversarium or lateral process fracture, posterior circulation syndromes)

MRI scan should also be used to exclude cervical spine injury in adults with
severely restricted neck movement or severe pain (>7/10) despite a normal CT
scan.

Paediatric C-Spine Injury

There is evidence that children are less likely than adults to suffer neurological
injury with cervical spine trauma, although when neurological injury does ensue it
often occurs with fracture-dislocations. Neurological sequelae can result from facet
dislocations, with bilateral dislocated facets generally affecting the spinal cord.
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Several differences between children and adults affect patterns of neck injury as

children [7]:

Have large heads relative to their bodies and the fulcrum around which flexion
occurs is higher in the neck (C2—C3 as opposed to C5-C6 in adults).

Are prone to higher neck injuries than older children and adults (particularly
under the age of 8).

Have neck muscles and ligaments that are underdeveloped and lax.

Have facet joints in a more horizontal plane, predisposing them to anteroposte-
rior dislocation.

Have vertebral bodies tapered anteriorly, giving a wedged appearance.

Have tip of the odontoid peg that ossifies between ages 3 and 6 and fuses at age
12, and the cartilaginous synchondrosis at the junction of the peg and body of C2
is visible up to age 11.

None of these normal variants should be mistaken for a fracture.

Key Points
Anatomical considerations:

» Large head and higher fulcrum

» Weak musculature and greater compliance
» Facet joints more horizontal

» Anterior ‘wedged’ appearance

* Normal odontoid cartilage

Due to the greater carcinogenic potential of radiation in children, there is gener-

ally a higher threshold for imaging:

If the child falls into a ‘high-risk’ group (as in adults), CT imaging of the C-spine
is advised.

Children who do not present with high-risk features but who have sustained a
head injury and have neck pain usually have C-spine x-rays if there was a dan-
gerous mechanism of action or if the neck range of movement cannot be assessed
safely (see algorithm children).

For children over 10 years of age, treat as adults.

For children under the age of 10, the open-mouth peg view should be omitted and
only perform CT if the GCS is <8 or there is focal neurology.

Limited CT should be considered or perform an MRI scan if available.

Children under 8 years old are at a higher risk of SCIWORA (spinal cord injury

without radiographic abnormalities). In children with this disorder:

MRI scan can show ligamentous or disc injury, complete spinal cord transection
and spinal cord haemorrhage.
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e It is important to understand that, if one injury is found, it is necessary to con-
sider imaging the whole spine to look for other injuries.

* Generally, it is considered that injuries associated with SCIWORA are stable
lesions, and immobilisation for up to a period of 3 months may be required.

Thoracolumbar Injuries

Thoracic fracture-dislocations are uncommon [8]:

* Often associated with severe cord injury as a result of the narrow canal and the
‘watershed’ area for blood supply.

* Majority of injuries occur at T10-L2 levels, at the junction of thoracic kyphosis
and lumbar lordosis.

* Anterior wedging of the vertebral body in the anterior column results from a
compression fracture.

e The middle and posterior columns are not involved.

» Compression fractures are stable and do not cause neurological deficit.

* Patients may be treated with a hyperextension brace.

* Wedge fractures of the thoracolumbar regions can be potentially unstable if
>50 % loss of anterior height, and these will require open reduction and internal
fixation.

A ‘burst’ fracture of the thoracolumbar region:

* Associated with loss of anterior and posterior height.

* Involves the anterior and middle columns, with fracture fragments displaced into
the neural canal.

* Often, there is mechanical stability, but these injuries can still cause spinal cord
damage.

* As a result of retropulsion of bone into the canal, burst fractures may require
laminectomy and posterior stabilisation.

A flexion-distraction injury, also known as a ‘Chance’ fracture of the thoraco-
lumbar area:

* s associated with ‘lap’ seatbelts, with complete failure of bony structures.

* Involves the anterior, middle and posterior columns of the posterior ligaments
and may occur through the bone or through the soft tissue.

* Injuries that occur through the bone may be treated with a hyperextension cast.

* Ligamentous disruption may need posterior spinal arthrodesis with compression
system.

Disruptions of all three columns can result from a combination of anterior com-
pression, with distraction and rotation. It is associated with significant instability,
and neurological deficit, and can include dural tears and intra-abdominal injuries.
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With dislocations:

All three columns are disrupted, causing instability due to multiple forces,
including rotation, compression and sheer forces.

Due to the instability, there is associated neurological deficit with
dislocations.

Treatment may consist of stabilisation of the spine to allow early
mobilisation.

Hyperextension of the lumbar spine:

Causes an anterior vertebral body avulsion fracture, with fractures of the poste-
rior columns, including spinous process, lamina and possibly pedicles.
Fractures are stable.

A spine is defined as being unstable if it is not able to bear weight without

deforming the anatomic structure or causing pain [9—11]. The stability of the bony
spine can be thought of in terms of a three-column concept:

Spinal structure can be divided into three columns, from anterior to posterior.
Anterior half of the vertebral body and anterior longitudinal ligament comprise
the anterior column.

Posterior half of the vertebral body and posterior longitudinal ligament comprise
the middle column.

The third column is comprised of the posterior elements including the pedicles
and facets.

Another way of thinking about the three columns is with the vertebral body and

disc forming one column and each of the two facets posterolaterally being a sepa-
rate column.

Key Points
Classification of thoracolumbar spine fractures:

e Compression

* Burst fracture

* Flexion-distraction injuries
» Extension injuries

* Dislocations

Other possible fractures that can occur:

» Transverse process fracture: from blunt trauma, commonly L5

* Spinous process avulsions: from distractions, but stable injuries

» Facet fractures: uncommon, but may occur in patients with prior laminec-
tomies or stress fractures
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Emergency Department Management of Spinal Injuries

The important principles of ATLS (Advanced Trauma Life Support) [11] should be
followed in managing any patients that may have a suspected spinal injury:

» Patient should be immobilised as much as possible to prevent secondary spinal
injuries.

* Cervical spinal immobilisation would include a firm collar, sand bags or ‘blocks’,
with tapes.

* Although spinal boards may be used to transport patients from the scene of the
incident to hospital, a patient should be removed from the spinal board as soon
as it is possible.

» Followed by imaging as discussed earlier.

In those patients that may have sustained significant spinal cord injuries, spinal
shock is a possibility:

e Occurs within the first 24 h in a patient with spinal cord injury, with complete
lack of deep tendon reflexes and anal reflexes
e Usually reverses itself within a day

Neurogenic Shock

e Occurs as a result of loss of sympathetic function, manifesting profound hypo-
tension from significant cervical or high thoracic spinal cord injury.

* Occasionally, there is bradycardia due to unopposed vagal activity.

* Can be a devastating complication, leading to organ dysfunction and death, if it
is not promptly recognised and treated.

* After the initial treatment of shock, e.g. due to haemorrhage, it may be necessary
to give pressor agents to achieve haemodynamic stability.
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Chapter 5
Upper Limb Disorders

Shumontha Dev and Savvas Papasavvas

Key Points

* Always perform two-view plain imaging to exclude fractures or
dislocations.

* Pain relief, reduction and immobilisation of the affected part are essential
in managing fractures or dislocations of upper limb injuries.

Introduction

The upper extremity or upper limb extends from the deltoid region to the hand. It
consists of four major components: a girdle formed by the clavicle and scapulae, the
arm, the forearm and the hand. The upper limb is supported by muscles connected
to the ribs and vertebrae. The focus of this chapter is the management of injuries.

Initial Assessment of Upper Limb

The initial assessment of the upper limb should follow the look, feel, movement
format. It cannot be overemphasised that as will any trauma the principles of ATLS
(Advanced Trauma Life Support) take priority before concentrating on the specific
limb assessment and management.
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Clavicle Injuries

Being the most proximal bone of the upper limb, the clavicle provides the leverage
and support required for the shoulder girdle components. The clavicle should be
routinely examined as part of assessment of the shoulder joint. A fracture may occur
after a fall onto the outstretched hand (FOOSH). It is most common at the junction
of the medial two-thirds and the lateral one-third of the clavicle. Characteristically,
a fracture of the clavicle leads to an inferior displacement of the distal component
(Fig. 5.1), as it is weighed down by the whole arm [2].

Fig. 5.1 Old mid-clavicular fracture with inferior displacement of the distal end
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Acromioclavicular Joint

The acromioclavicular (AC) joint [1] is the junction between the acromion (a section
of the scapula that forms the highest point of the shoulder) and the clavicle.

The acromioclavicular joint should be assessed as part of the examination and
with standard shoulder X-rays. A common injury to the ACJ is dislocation, often
known as shoulder separation (Fig. 5.2). ACJ dislocations commonly arise as a
result of collision sports. The most common mechanism of injury is a fall on the tip
of the shoulder or FOOSH.

A loss of alignment of the inferior surfaces of the clavicle and acromion indicates
disruption of the acromioclavicular ligaments at the ACJ. An additional disruption
of the coracoacromial ligament results in separation of the entire scapula from the
clavicle.

Although assessment should be with plain radiography, a minor ligamentous dis-
ruption may not be detectable as alignment is not lost.

Key Points

* A disruption of the acromioclavicular ligaments results in loss of align-
ment of the clavicle and acromion inferior surfaces.

* An additional disruption of the coracoacromial ligament results in separa-
tion of the entire scapula from the clavicle.

* A low-grade ligament injury may not be visible on a plain X-ray.

Fig. 5.2 Left AC joint disruption (Courtesy: Prof. SS David, Pushpagiri Medical College Hospital,
India)
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[ Acromioclavicular Joint Injuries ]
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The shoulder is made up of three bones, the clavicle (collarbone), the scapula
(shoulder blade), and the humerus (upper arm bone), with associated muscles, liga-
ments and tendons. The shoulder joint is the articulation between the bones of the
shoulder and typically refers to the glenohumeral joint. The shoulder joint needs to
be sufficiently mobile for the wide range actions of the arms and hands. Furthermore,
it needs to be stable enough to allow for actions such as lifting, pushing and pulling.
The shoulder examination, along with all other joint examinations, follows the gen-
eral pattern of ‘look, feel, move’ with additional special tests.
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Three special tests, the impingement, apprehension and the scarf test, can be
performed on the shoulder:

* Impingement test: performed by placing the shoulder out at 90° with the arm
hanging down, pressing back on the arm and checking for any pain.

* Apprehension test: similarly performed but with the arm faced upwards and
pushed back on the arm. The patient may be apprehensive about the movement
as the joint feels ‘unstable’.

e Scarf test: performed with the elbow flexed to 90°, with the patient’s hand
placed on their opposite shoulder and pushed back. Again look for any
discomfort.

In the context of trauma to the shoulder joint, there are two standard plain
radiological views essential to assess the joint. These views are the anterior-poste-
rior (AP) view and the lateral or ‘Y-view’. Also, an ‘axial’ view (Fig. 5.3) is an
alternative to the Y-view if the patient is able to tolerate holding the arm in
abduction.

Key Points

» Standard views in the context of trauma are AP and Y-views.

* Anterior dislocation is much more common than posterior dislocation.

* Anterior dislocation results in the humeral head lying anterior to the gle-
noid and inferior to the coracoid process.

Fig. 5.3 Axillary view of the normal right shoulder
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The shoulder is the most commonly dislocated joint in the body [3]. Most
shoulder dislocations occur anteriorly (Figs. 5.3 and 5.4). However, they may
also occur posteriorly, inferiorly or anterior-superiorly. Usually, anterior dislo-
cations are associated with trauma with the arm abducted and in external rota-
tion. Posterior dislocations are commonly associated with electric shocks and
epileptic seizures. Those patients that have sustained a previous shoulder dislo-
cation are more prone to redislocation. This may be as a consequence of the
tissue not healing properly or because the tissue stretches out and becomes more
lax. Factors such as age and rotator cuff tears and fractures of the glenoid show
a clear correlation to redislocation. Hence, younger patients (those aged
20 years) have a much higher frequency of redislocation than patients over the
age of 50.

On examination of a dislocated shoulder, the range of motion (ROM) is poor and
the patient is usually in intense pain. In anterior dislocation of the shoulder, the arm
is in slight abduction and external rotation, and the prominent humeral head can be
felt anteriorly, with the void seen posteriorly. It is important to note that posterior
shoulder dislocations can be easily missed as the patient usually keeps the arm in
internal rotation and adduction. An orthogonal view radiograph is essential to the
normal views in excluding posterior dislocation. On occasions, it may be necessary
to perform CT scan [4] (Fig. 5.5).

Fig. 5.4 Anterior
dislocation of the right
shoulder
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Fig. 5.5 Anterior
dislocation of the left
shoulder
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Scapula

The scapula provides attachment for:

Scapula fractures are relatively uncommon [5]. As scapula injuries are often
found when not suspected clinically, careful attention is needed when looking at the
radiographs, otherwise subtle fractures can be missed (Fig. 5.6).

The glenoid cartilage can be injured due to shoulder dislocation. This ‘Bankart’
lesion is not visible usually on X-rays. However, the fracture is most often seen on
an X-ray taken following reduction of a glenohumeral joint dislocation [6].

Key Points
* In the context of trauma, careful attention is required in checking the
scapula.

Humerus

Fractures of the humerus are common at the surgical neck, and a fracture line may
extend into the humerus head with separation of the tubercles. Commonly, humerus
fractures are caused by direct trauma to the arm or shoulder or by axial loading that has
been transmitted through the elbow (Fig. 5.7). Majority of proximal humeral fractures
can be managed nonoperatively. Rarely, vascular or nerve injuries are associated with
proximal humerus fractures, especially radial nerve injury. Therefore, neurovascular

Fig. 5.6 Scapular fracture (Courtesy: Prof. SS David, Pushpagiri Medical College Hospital, India)
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Fig. 5.7 Mid-shaft, comminuted fracture

examination is essential. There is usually pain with palpation or movement of the
shoulder or elbow. Also, ecchymosis and oedema may be present.

An anteroposterior and lateral views of the humerus, together with transthoracic
and axillary views of the shoulder, should be adequate to visualise a fracture. A CT
scan may be required in certain cases.

Minimally displaced fractures are treated conservatively. Often, distal commi-
nuted fractures require surgical management due to damage of the vasculature of
the humeral head (Fig. 5.8).

In the emergency department, the important aspect of management of humeral frac-
tures is adequate analgesia and immobilisation with a sling. For humeral shaft frac-
tures, a wrap splint (humeral brace) will stabilise the fracture. As reduction is usually
difficult, this is not necessary and a 30—40° angulation is acceptable as the shoulder is
able to compensate. However, if the fracture is segmental or the vasculature is compro-
mised, surgical fixation, by either intramedullary nailing or plating, is necessary.

Key Points
* Surgical neck is the commonest site of humerus fracture.

A common complication of proximal shaft fracture is adhesive capsulitis. This
can be prevented by early rehabilitation with physiotherapy. Avascular necrosis of
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Fig. 5.8 Comminuted fracture humeral head

the humeral head is a realistic possibility. With humeral shaft fractures, a likely
complication is radial nerve injury, mainly neurapraxia that can take several months
to resolve.

Elbow

The elbow joint is the synovial joint between the humerus in the upper arm and
radius and ulna in the forearm. The elbow region consists of the olecranon, the
elbow pit and the lateral and medial epicondyles. Two main compartments of the
elbow are the anterior and posterior compartments:

¢ Brachial artery and the ulnar and median nerves are within the anterior compart-
ment. Commonly, this compartment is affected by dislocations and can be a
clinical concern in regard to brachial artery disruption and median or ulnar nerve
entrapment. When a dislocation occurs, the close proximity of the ulnar nerve to
the medial epicondyle allows for the increased likelihood of entrapment.

» Radial nerve and triceps brachii muscle are in the posterior compartment.

The centres of ossification become visible from 6 months to 12 years of age and
in early adulthood fuse to the humerus, radius or ulna. These are important points to
be considered when interpreting X-rays. X-ray appearances of the normal elbow
joint are essential for the identification of elbow injuries. Often, elbow injuries have
characteristic radiological appearances, which may only be detected by the pres-
ence of soft tissue abnormalities.
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Key Points

» FElbow injuries have characteristic appearances.

» Soft tissue abnormality is often the only evidence of bone injury.

* An awareness of elbow development is essential when considering paedi-
atric elbow injuries.

On lateral radiograph, there is often a visible triangle of low density lying ante-
rior to the humerus. This is the anterior fat pad which lies within the elbow joint
capsule in a normal structure.

Elbow X-ray: Radial Head Fracture

e Commonly adult patient.

» Lateral image shows an anterior fat pad that is raised away from the
humerus but does not show a fracture.

» A visible posterior fat pad is ALWAYS ABNORMAL.

* An AP image will show a visible radial head fracture.

The radial head may dislocate from the capitulum of the humerus on its own or
in combination with dislocation of the ulna from the trochlea. Dislocations of the
radial head may be more subtle to identify, but the latter is more straightforward to
confirm. The anterior humerus line is a line extending from the anterior edge of the
humerus and should pass through the capitulum with at least one-third of the capitu-
lum seen anterior to it. The midline of the radial shaft, the radiocapitellar line, is an
important landmark, as it should pass through the middle of the capitulum.

Key Points

» FElbow injuries have characteristic appearances.

* The only evidence of bone injury may often be the soft tissue
abnormality.

* In paediatric cases, development of ossification centres is essential when
considering elbow injuries.

A joint effusion is indicated if the anterior fat pad is raised away from the humerus
or if a posterior fat pad is visible between triceps and the posterior humerus (Fig. 5.9).
When the aetiology is trauma, this finding is due to haemarthrosis (blood in the joint)
secondary to a bone fracture. Often, this may be the only X-ray sign of a bone injury.
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Fig. 5.9 Left elbow joint showing anterior and posterior fat pads

In an adult, a post-traumatic effusion without a visible bone fracture usually
indicates a radial head fracture, whereas in a child, it indicates a supracondylar
fracture of the distal humerus. An inflammatory cause should be considered if there
is a joint effusion but no history of trauma.

Elbow X-ray: Supracondylar Fracture

A child patient.

A fracture visible at the distal humerus.

Raised fat pads away from the humerus suggest joint effusion
(haemarthrosis).

Powerful triceps muscle posteriorly displaces the ulna — taking the capitu-
lum (C) with it.

Capitulum lies behind the anterior humerus line.

Essential that at least one-third of the capitulum should lie in front of the
anterior humerus line.

Elbow Dislocation

Elbow dislocations are not a rare presentation to the ED [7] either due to sport-
related injury or high-speed vehicular accidents. The mechanism of injury is usually
a fall on an extended or hyperextended elbow.
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As with all dislocations, the position of the distal segment in relation to the prox-

imal part defines a dislocated elbow:

The most common elbow dislocation is posterior or posterolateral (Fig. 5.10).
Therefore, the ulna is posterior to the humerus in a posterior elbow dislocation.
Other types of elbow dislocations, anterior, medial, lateral or divergent, also
occur, rarely.

Radius and ulna dislocate from the humerus in different directions in a divergent
dislocation. The strong musculoligamentous complex binding the ulna and
radius is completely disrupted.

Clinically, most patients with elbow dislocations are in severe pain.

Usually swelling of the elbow.

The affected forearm is held with the opposite hand. The elbow is held in slight
flexion, and the forearm appears foreshortened. The olecranon is prominent pos-
teriorly and palpable.

Vital to check the neurovascular function of the forearm and hand before any
attempt at manipulation of the joint. All findings should be clearly documented.
Sensation of pain and light touch distal to the elbow needs to be checked first.

The median, ulnar and radial nerves need to be tested for muscle power distal to

the elbow.

Median nerve can be tested by asking the patient to touch the thumb with the
little finger.

Interosseous muscle function, innervated by the ulnar nerve, can be tested by
asking the patient to spread the fingers apart.

Radial nerve is attested by asking the patient to extend the thumb, fingers and
wrist.

At the elbow, the brachial artery needs to be palpated.

At the wrist, both the ulnar and radial arteries need to be felt.

An attempt should be made to reduce elbow dislocations as soon as possible. In

the ED, reduction can be performed under procedural sedation, with the patient in
the supine position. During reduction, an assistant should apply steady traction to
the upper aspect of the humerus, whilst the other person applies gentle traction to
the elbow. The elbow is gently extended whilst counterforce is applied to the side of
displacement. To accomplish reduction, the elbow is gently flexed and a loud ‘clunk’
is palpated and heard. At times, reduction cannot be established under sedation due
to entrapped fragments with the joint space, and open reduction under general
anaesthetics is required [8—10].
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Fig. 5.10 Posterior dislocation of the right elbow

After reduction of elbow dislocations, it is essential to begin early active motions
within 1 week. Recurrent dislocation of the elbow is rare. There is a loss of mild
terminal extension in all patients that have suffered elbow dislocations.

The Forearm: Radius and Ulna

In forearm injuries, the mainstay of treatment is stable anatomic reduction with
preservation of mobility, predominantly through operative intervention. Injury to
the forearm includes direct trauma, fall from a height, road traffic accidents and
sporting injuries. However, the most likely cause is FOOSH with the forearm
pronated.

Assessment of the forearm must include careful neurological (specifically motor
and sensory functions) and vascular status, especially in relation to the extent of
swelling of the forearm. Compartment syndrome needs to be excluded in a patient
with a tense compartment and neurological signs.
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Mechanism of the injury and the age of the patient define typical fracture pat-
terns in the forearm bones. Osteoporotic fractures of the distal radius are common
in the elderly. However, in children, ‘buckle’ or ‘greenstick’ type (visible fracture
on one side and buckle on other) injuries are common due to bone compliance.
Buckling without a visible fracture line is termed a ‘torus’ injury.

An anatomical unit is formed by the radius and ulna, with an interosseous liga-
ment throughout their length. It is stabilised at the elbow and wrist, thus forming a
ring. A fracture of the shaft of one of these bones with visible shortening will lead
to dislocation at the wrist or elbow of the other. An ulnar shaft fracture with shorten-
ing causes the radius to dislocate at its point of weakness at the elbow (known as the
Monteggia fracture-dislocation). However, if the radius fractures with shortening, it
will cause the ulna to dislocate at its point of weakness at the distal radioulnar joint
(known as the Galeazzi fracture-dislocation).

Greenstick Fracture

* Buckling of the palmar (volar) cortical surface of the radius.
* Visible fracture through the dorsal cortex of the radius.

e Ulna is normal.
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Torus Fracture
e Buckled radius
¢ No visible fracture line

Stabilisation is required for all displaced adult forearm fractures because no
comparable result is achievable by other means of management. There are a number
of indications for operative treatment, including fractures of both radius and ulna
(Fig. 5.11), Monteggia and Galeazzi fracture dislocations (Figs. 5.12 and 5.13),
isolated radius fractures, displaced ulna shaft fractures, delayed union or non-union,
open fractures and pathological fractures.

Wrist

A complex joint, the wrist bridges the hand to the forearm. The wrist comprises
the distal ends of the radius and ulna, eight carpal bones and the proximal por-
tions of the five metacarpal bones. These bones participate in complex articula-
tions that allow variable mobility of the hand. The wrist joint has a complex
configuration of ligaments, without sacrificing stability. FOOSH, motor vehicle
accident or sports contact injury is the commonest reason for wrist fractures and
dislocations as a result of axial loading on the outstretched palm and extended
wrist.

Posterior-anterior (PA) and lateral are standard wrist views. On occasions, fur-
ther views are helpful so that the eight overlapping bones are more easily seen.

The wrist comprises the scaphoid, lunate, triquetrum, pisiform, trapezium, trap-
ezoid, capitate and hamate bones. The radiocarpal, distal radioulnar and
carpometacarpal joints can also be considered part of the wrist. When assessing the
wrist, it is important to assess the bones and the joint spaces separating them.

The term distal radius fractures properly cover all fractures of the distal articular and
metaphyseal areas. Restoration to the prior level of functioning should be the main aim
of the treatment and specific goals will differ depending on the activity of the patient
and not simply by age. Distal radius fractures are probably the most common presenta-
tion to an emergency department. The mechanism of injury differs in the young and the
elderly. High-energy injuries are more common amongst the younger age group whilst
low-energy injuries being more common in the older age group (Fig. 5.14).

The median nerve is always compressed after a fall on the palmar aspect of the
hand that results in a distal radius fracture, and it is important to specifically assess
and examine the median nerve function and document appropriately. Anatomic
reduction is recommended in a patient who is active in recreation or engages in force-
ful activities at work. Three parameters are relevant in the decision to reduce the
intra-articular step off (less than 2 mm), dorsal tilt (less than 10°) and radial length
(less than 5 mm).
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Fig. 5.11 Mid-shaft forearm fracture of left radius and ulna

Fig. 5.12 Monteggia fracture (Courtesy: Prof. SS David, Pushpagiri Medical College Hospital,
India)
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Rigid immobilisation is the mainstay of treatment in the nonoperative manage-
ment. However, surgical treatment has been reserved for displaced, irreducible dis-
tal radius fractures or reducible but unstable fractures. There are a number of
operative techniques, including closed reduction and percutaneous pinning, external
fixation, dorsal plating and fragment-specific fixation.

Fig. 5.13 Galeazzi fracture (Courtesy: Prof. SS David, Pushpagiri Medical College Hospital,
India)
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Fig. 5.14 Intra-articular
fracture of the left distal
radius

Acute Compartment Syndrome

An acute compartment syndrome occurs when there is an increase in the interstitial
tissue pressures within an enclosed fascial envelope, preventing adequate tissue
oxygenation and can cause cellular necrosis of the compartment contents. This can
occur due to an injury or condition, such as blunt or penetrating trauma, infection,
burns or vascular injury. Compartment syndrome most commonly involves the leg
and forearm [11, 12]. There is usually pain that is out of proportion to the injury;
there is pain with passive movement of the compartment musculature, with tense
compartments on palpation, paraesthesia and ultimately paralysis. Considering
compartment syndrome as a possibility may be the most important factor leading to
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its diagnosis. As it is a difficult diagnosis, based on suspicion and clinical features,
objective intra-compartmental pressure measurements may be assessed as absolute
readings or as values relative to diastolic blood pressure. An absolute tissue pressure
of 45 mmHg constitutes an acute compartment syndrome. Treatment of compart-
ment syndrome can be nonoperative or operative. Nonoperative treatment includes
simply removing compressive dressings and elevating the affected limb to reduce
swelling. Operative treatment involves performing a fasciotomy and decompression

of the forearm.

[
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Chapter 6
Acute Neurological Emergencies in Children

Indumathi Santhanam and Sangeetha Yoganathan

Introduction

Clinical presentation of neurological emergencies in children and adolescents can
be viewed as two temporal patterns, acute and acute recurrent, and they arise due to
a large variety of causes. Knowledge of the spectrum presenting to an emergency
department is vital in optimising the quality of care delivered, and the guidelines
developed should target the commonest presenting problem categories. This chapter
commences with the clinical approach to a child with altered sensorium and pro-
ceeds to discuss the salient causes — raised intracranial pressure, status epilepticus,
stroke, acute movement disorders and neuromuscular emergencies in children, from
the emergency physicians’ perspective.
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Clinical Approach to a Child with Reduced Level of Consciousness

Key Points

» Level of consciousness of a critically ill or injured child is rapidly assessed at
the bedside by using an AVPU or ACDU scale as a part of the primary survey.

* The GCS score is a more reliable and objective way of assessing the level
of consciousness of a child.

» Respiratory pattern, size and reaction of pupils along with eye movements
and the movement of the limbs to a painful stimulus provide clues to the
anatomic site and nature of the injury in a comatose child.

Introduction

Consciousness is the state of full awareness of self and one’s relationship to the
environment. Consciousness is divided into two components, namely, arousal
(wakefulness or vigilance) and awareness (awareness of the environment and of the
self) [1]. Impairment of consciousness can be either an activated mental state such
as hallucination, illusion, delusion and delirium or reduced mental state such as
obtundation, stupor and coma.

Pathophysiology

Arousal is determined by reticular activating system and projection to thalamus.
Awareness is regulated by thalamus, cerebral cortex, their white matter connections
and functioning reticular system. Disorders of consciousness result from interfer-
ence with either or both of these systems [2, 3]. Causes for altered mental status in
children are summarised in Table 6.1.

Clinical Features

Level of consciousness of a child is assessed at the bedside by the responses of the
patient to the examiner. History taking is crucial to determine the possible aetiology
in a child with unexplained coma (Table 6.2).

Rapid assessment of sensorium in ED is performed using AVPU or ACDU scale
stated below:

AVPU scale
A, alert; V, responding to voice; P, responding to pain; U, unresponsive

ACDU scale
A, alert and oriented; C, confused; D, drowsy; U, unresponsive
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Table 6.1 Causes of coma in children

Infective

Meningitis, encephalitis, cerebral malaria, neurocysticercosis, tuberculous meningoencephalitis
Inflammatory

Acute disseminated encephalomyelitis, autoimmune encephalitis, vasculitis
Metabolic

Hyponatraemia, hypoglycaemia, inborn error of metabolism, hepatic encephalopathy
Reye syndrome

Vascular

Ischemic stroke, haemorrhagic stroke, cerebral venous thrombosis

Trauma

Traumatic brain injury, inflicted neurotrauma

Drugs, toxins and envenomation

Hypertensive encephalopathy

Brain tumours

Nonconvulsive status epilepticus

Table 6.2 History in a child with altered mental status
Onset (abrupt, gradual)
Recent complaints (fever, headache, focal weakness, seizures)
Recent head injury
Previous medical illnesses (seizures, renal failure, heart disease, collagen vascular diseases)
Previous psychiatric illness
Access to drugs (sedatives, psychotropic drugs)

Table 6.3 Rapid neurological examination in a comatose child
Eye opening, motor response, verbal response
Optic fundi
Pupillary reactions
Spontaneous eye movements
Oculocephalic responses (cervical trauma excluded)
Corneal responses
Gag reflexes
Skeletal muscle tone
Deep tendon reflexes
Signs of meningeal irritation

Detailed assessment of neurological status is performed using Glasgow coma scale
in older children and modified Glasgow coma scale in infants (discussed in manage-
ment of raised ICP chapter). Examination should focus on the evaluation of airway,
breathing and circulation. Document the vitals, pattern of respiration, external mark-
ers of trauma, markers of systemic illness and evidence of drug exposure such as
abnormal breath odour or needle marks. Rapid neurological examination will help in
diagnosing the depth and localization of coma. Neurological assessment in a coma-
tose child is shown in Table 6.3. Acute brain injury of any aetiology can result in
locked-in syndrome, minimally conscious state, vegetative state and brain death [4].
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Coma: awareness of self or environment, sleep-wake cycle, purposeful motor
movement and response to pain do not exist.

Vegetative state: sleep-wake cycle is intact, although there is no response to pain,
purposeful motor movement or awareness of self and environment.

Minimally conscious state: limited awareness of self and environment, intact sleep-
wake cycle, limitation of purposeful motor movement and response to pain exist.
Locked-in syndrome: presence of awareness of self and environment, intact
sleep-wake cycle and response to pain but quadriplegic with preserved eye
movements.

Brain death: no awareness of self or environment, no response to pain, no sleep-
wake rhythm, no spontaneous respiration, no motor response and has absent
brainstem reflexes.

Signs with Localising Value in Coma

In a comatose child, clues to the anatomic site and nature of the injury include:

Respiratory pattern

Pupillary response

Eye movements

Position or movements of the limbs

Based on the pattern of respiration, the localization of coma can be made as follows:

Cheyne-Stokes breathing — diencephalon

Neurogenic hyperventilation — high brainstem

— Apneustic breathing — bilateral pontine

Cluster and ataxic breathing — pontomedullary junction
Apnoea — ventrolateral medulla

Based on the pupillary responses, coma localization is shown below:

— Small reactive pupils — diffuse encephalopathy and metabolic, diencephalic
pathology

— Large, fixed pupils with hippus — pretectal lesion

— Unilateral dilated and fixed — uncal herniation

— Mid-position and fixed — midbrain lesion

— Pinpoint pupils — pons

Based on the motor response assessment, the presence of hemiparesis indicates

contralateral cerebral hemisphere involvement, decorticate posturing in upper mid-
brain damage and decerebrate posturing in upper pontine damage.

False Localising Signs

False localising signs are signs produced distant or remote from the expected
anatomical locus of pathology [5]. List of false localising signs in neurological
examination are stated below [5, 6]:
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» Unilateral or bilateral sixth nerve palsy in raised ICP

* Trigeminal or facial nerve palsy in raised ICP

* Third nerve palsy and Kernohan notch phenomenon in uncal herniation
* Unilateral papilloedema with contralateral optic atrophy

* Hemidiaphragmatic palsy — ipsilateral medullary compression

* Pseudo-internuclear ophthalmoplegia — myasthenia gravis

* Pseudo-locked-in syndrome — Guillain-Barré syndrome

Investigations

Child brought with altered mental status to ED should be evaluated based on the
differential diagnosis considered after history and examination. List of investiga-
tions to be considered in a child with coma are:

* Blood glucose

¢ Urine ketones

e Serum electrolytes

e Complete blood count

* Prothrombin time, activated partial thromboplastin time
e Urea, creatinine

e Liver function test

* Blood-borne virus screen

e Blood culture

* Electroencephalography

¢ CT brain/MRI brain+ MRA/MRV

e Arterial blood gas

* Blood ammonia

e Arterial lactate

e Serum amino acids, acylcarnitine profile
* Urine organic acids

* Urine toxicology, blood lead

e CSF analysis

Treatment

» Stabilise airway, breathing and circulation.

e Check blood glucose and correct hypoglycaemia with 2 ml/kg of 10 % dextrose
if identified.

* Seizures and raised ICP are managed as per protocols discussed elsewhere in this
chapter.

* In achild with fever and altered sensorium, initiate therapy with meningitic dose
of third-generation cephalosporins (Ceftriaxone 100 mg/kg) and 10 mg/kg of
acyclovir every 8 hours awaiting the CSF reports.
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* Maintain euthermia and correct coagulopathies if detected.

* In children with suspected inborn error of metabolism, maintain glucose infusion
rate of 8—10 mg/kg/min, correct metabolic acidosis, sodium benzoate and phenyl
acetate if hyperammonaemia is detected and peritoneal or haemodialysis in
refractory cases.

» Consider therapy with megavitamins in suspected mitochondrial cytopathies.

* Control hypertension in hypertensive encephalopathy.

Raised Intracranial Pressure: Causes and Management

Key Points

» Rapid identification and appropriate treatment of raised ICP are essential
to prevent secondary brain injury.

* Mean arterial pressure (MAP) — Intracranial pressure (ICP) =
Cerebral perfusion pressure (CPP).

* A normal fundoscopy examination does not rule out raised ICP.

Introduction

Raised intracranial pressure (ICP) often results in significant morbidity and mortal-
ity. Early identification and appropriate goal-directed management of raised ICP in
the ED can often prevent secondary brain injury.

Pathophysiology

Brain, blood and cerebrospinal fluid (CSF) within the cranial vault contribute to intra-
cranial pressure. In normal individuals, intracranial pressure ranges between 6 mmHg
in infants to 10~15 mmHg in adults [7]. According to the Monro-Kellie doctrine, any
increase in the volume of one component results in a compensatory decrease in the
volume of the remaining two components thereby attempting to maintain normal
ICP [8]. Raised ICP occurs when the compensatory mechanism fails.

Commonest causes of raised ICP in children are listed in the Table 6.4.

Clinical Features

Clinical manifestations in infants and children with raised ICP of varied aetiology
are depicted in Table 6.5. In children less than 5 years of age, modified Glasgow
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Table 6.4 Causes for raised ICP in infants and children

Obstruction to

Increase in intracranial volume blood flow Obstruction to CSF

Brain tumours (primary or metastases) Cerebral venous | Hydrocephalus (obstructive or
sinus thrombosis | communicating)

Intracranial haemorrhage Arterial Ventriculoperitoneal shunt

Cerebral oedema (meningoencephalitis, | ischaemic stroke | dysfunction

inborn error of metabolism, toxin
exposure, prolonged seizures)

Table 6.5 Clinical symptomatology in infants and children with raised ICP

Young infants Older children
Incessant cry Headache, especially in the morning
Bulging fontanelle Diplopia
Convergent squint (lateral rectus palsy) Hemiparesis
Posturing Projectile vomiting
Seizures New onset of squint
Seizures
Ataxia
Table 6.6 Modified Glasgow 1. Eye opening

coma scale for infants S
pontaneous-4

Speech-3
Pain-2
None-1
2. Motor response
Purposeful movements-6
Localizes pain-5
Withdrawal to pain-4
Flexor response-3
Extensor response-2
None-1
3. Verbal (modified for infants)
Cooing or babbling appropriately-5
Consolable cry-4
Inconsolable cry-3
Grunting or moaning to pain-2
None-1

coma scale (GCS) is used for the assessment (Table 6.6). Motor response is elicited
by applying supraocular, sternum or nail bed pressure. As ICP worsens, the follow-
ing clinical findings may be noted [9]:

* Profound fall in mental status (pain responsive or unresponsive in AVPU scale)
or consciousness level less than <8 in the GCS scale.
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* Abnormal respiratory pattern (hyperventilation, irregular respiration or apnoea).

e Abnormal posture (decorticate, decerebrate or complete flaccidity).

e Abnormal doll’s eye response.

* Abnormal pupils (unilaterally or bilaterally dilated or unresponsive pupils).

* Cushing’s response (bradycardia and hypertension) occurs due to impending
herniation of the brainstem. As a preterminal sign, it requires urgent intubation,
controlled hyperventilation and anti-oedema measures.

» Papilloedema is a late sign. A normal fundoscopy examination does not rule out
raised ICP.

Anticipate the risk of herniation in raised ICP and evaluate for the pattern of clini-
cal findings that help in recognition of the level of herniation. Children with raised
ICP often have eye signs of subtle status epilepticus. Eyes should be carefully assessed
to identify eye lid twitch, conjugate deviation and nystagmus. On the other hand,
unrecognized seizure activity increases ICP. The pupils are checked for pupillary size,
equality and response to light, and the fundus is examined for papilloedema.

Investigations

e Computerized tomography (CT) of the brain is the investigation of choice fol-
lowing resuscitation.

* A cranial CT may appear normal even if the child has clinical evidence of ICP as
seen during diffuse axonal injury.

e CTisideal in identifying bleed, fracture, hydrocephalus, obliteration of cisternal
spaces, compressed ventricles, mass lesion and midline shift [10].

* Magnetic resonance imaging (MRI) of the brain is indicated when CT does not
explain neurological findings.

* Indications for neuroimaging in an ED are as follows:

— Clinical suspicion of nonaccidental injury

— Post-traumatic seizure (no past medical history of epilepsy)
— GCS <14 on initial assessment or if <1 year, GCS <15

— GCS <15, 2 hours after injury

— Suspected skull fracture or tense fontanelle

— Focal neurological deficit

— Aged <1 — bruise, swelling or laceration >5 cm on the head

Estimation of Optic Diameter

A rise in ICP directly affects the perioptic nerve space, which leads to an increase in
optic nerve diameter [11]. Through transorbital sonography, the normal diameter of
the optic nerve sheath is seen to be 3 mm. Increase in diameter of 5 mm is diagnostic
of ICP.
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Transcranial Doppler (TCD)

TCD is a non-invasive tool that measures velocity of blood flow in the middle
cerebral arteries and helps in early detection of ICP [12].

Invasive ICP Monitoring

Invasive ICP monitoring is indicated in patients with GCS <8, patients with
traumatic brain injury with abnormal CT brain on admission and intracranial
mass lesions [13].

Treatment

* Resuscitation of raised ICP in the paediatric emergency department is not
dependent on aetiology.

* Energetic management using an ABCDE approach along with management of
seizures if present is the backbone of treatment.

* Maintain higher MAP to ensure adequate CPP.

* Adjunctive measures such as sedation, analgesia and maintenance of metabolic
parameters help to improve the outcome.

* Discuss the need of neurosurgical intervention.

 If features of pulmonary oedema are unmasked during fluid therapy, an inotrope
is initiated, and intubation and ventilation should be provided.

e Care is taken to maintain euglycaemia. Hyper- or hypoglycaemia can worsen
outcome.

Specific Measures in Management

* Head end is elevated 30° up in the neutral position.

* Adequate pain and sedation after intubation is mandatory to avoid raise in ICP
secondary to pain and agitation. Fentanyl infusion is initiated @1 pg/kg/min.

* Catheterization not only helps to monitor urine output, it also prevents aggrava-
tion of ICP caused by the noxious sensation of a full bladder.

* Fever can increase cerebral metabolic rate. Paracetamol suppository can help to
treat fever and additionally provide pain relief.

» Hypertonic saline bolus causes a reduction in cerebral oedema by induction of an
osmotic gradient.

 Italso has the benefit of increasing intravascular volume without causing diuresis
and worsening shock in an acutely ill child in emergency settings!

e Infuse 3 mL/kg of 3 % or 2.7 % (premade) hypertonic saline solution over
10-20 min (Na increase of 2-3 mmol/L). A greater increase may occur if there
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is a large diuresis. A sodium rise of <10 mmol/L in 24 h is acceptable, but serum
sodium should not exceed 150 mmol/L.

* Mannitol causes reduction in cerebral oedema through induction of an osmotic gra-
dient, and 20 % mannitol is infused at a dosage of 0.25—-1 g/kg over 10-20 min. Since
it causes diuresis leading to dehydration and shock, it should be used with caution.

e Ventilation 1is titrated to maintain eucapnia (PaCO2 35-40 mmHg).
Hyperventilation is used briefly in children who have clinical features of cerebral
herniation. Prolonged hyperventilation is not recommended; it can precipitate
decreased cerebral perfusion leading to brain ischaemia.

» Call for neurosurgical help when herniation is recognized and plan decompres-
sive craniectomy.

» External ventricular drainage can be attempted in children with poor GCS and
hydrocephalus or VP shunt dysfunction.

Status Epilepticus

Introduction

Status epilepticus (SE) is defined as “seizures persisting for more than 30 min or
series of seizures occurring consecutively without an intervening period of full
recovery of consciousness [14]”. However, the operational definition of SE is any
seizures lasting for more than 5 min in duration [15]. Status epilepticus can be
categorized as follows [16, 17]:

e Early or impending SE: 5-30 min

* Established SE: 30—60 min

* Refractory SE: Seizures persisting despite treatment with adequate doses of two
or three initial antiepileptic medications.

* Super refractory SE: Seizures that persists for more than 24 h on anaesthetic
therapy or seizure recurrence on weaning off anaesthesia.

Seizures that do not cease in 5 min are less likely to terminate without intervention.
Hence, a child who is convulsing on arrival in to the ED is more likely to continue
to convulse unless actively treated. Non-convulsive status epilepticus (NCSE) needs
to be considered in children with failure to regain baseline mental status after a
convulsion necessitating appropriate intervention.

Pathophysiology

Glutamate is the excitatory amino acid neurotransmitter, and gamma-aminobutyric
acid (GABA) is the inhibitory neurotransmitter. Most seizures terminate spontane-
ously within 2 min, due to GABA-mediated inhibition that occurs in response to
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Table 6.7 Clinical approach to a child brought with SE

History Clinical examination

Seizures: age at onset, semiology, duration, Airway, breathing, circulation
frequency

Provoking factors: fever, withdrawal of Level of consciousness

antiepileptics

Antiepileptic drugs: dose, duration, Eye deviation, impaired DEM, pupillary
compliance, response, adverse effects abnormalities, eyelid flutter, papilloedema
Developmental history: normal or delayed Facial weakness

Toxin exposure Abnormal tone and posture

Head trauma Hyperreflexia

Perinatal risk factors Extensor plantar

Any systemic illness Signs of meningeal irritation

Family history of epilepsy or febrile seizures | Description of convulsive event

Details of prehospital treatment Rule out PNEE
Neurocutaneous markers
Facial dysmorphism

DEM Doll’s eye movement, PNEE psychogenic non-epileptic events

seizures. Ongoing seizure activity results in loss of protective effects mediated by
GABA. GABA receptors are either destroyed or recycled in to the cellular membrane.
At the same time, continued seizure activity results in mobilization of excitatory
N-methyl-D-aspartate receptors leading to continuing status epilepticus [18].
Benzodiazepines bind to GABA-A receptors and promote neuronal inhibition.
Since the number of active GABA-A receptors decreases as an episode of SE
progresses, first dose of benzodiazepines should be administered as early as possible
for seizure termination.

Clinical Assessment

History taking in a child brought convulsing to ED, and focused neurological
examination are crucial in the management of SE (Table 6.7).

Airway compromise in SE occurs due to loss of protective airway reflexes and
glottic spasm.

Respiratory failure occurs because of muscle fatigue secondary to convulsive
activity of the muscles of respiration and respiratory depressant effect of drugs used
in the management of status epilepticus. An unstable and obstructed airway
associated with ineffective ventilation for greater than 5 min can cause:

* Severe hypoxia

* Shock

* Myocardial dysfunction

* Increased risk of prolonged seizure activity
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Failure to provide effective ventilatory support during the management of SE is
perhaps one of the most frequent causes of morbidity and mortality. Correction of
hypoxia during the management of SE is mandatory for intact neurological
survival.

Shock could occur due to a wide variety of causes in convulsing children.

During SE, cerebrovascular resistance falls due to hypoxia, resulting in severe
derangement of cerebral autoregulation. Cerebral perfusion becomes directly
dependent on systemic blood pressure. Within the first 2h of SE, blood pressure
rises. Later blood pressure either becomes normal or hypotensive. Circulatory com-
promise that occurs in convulsing children are secondary to seizure activity and
other causes such as sepsis or hypovolaemia complicating SE which severely
deranges cerebral physiology. Hypoglycaemia can also cause severe disruption of
autoregulation of cerebral blood flow leading to adverse neurological outcomes.

Investigations

In a child with new onset of seizures presenting as SE, the following investigations
are recommended [19]:

* Blood glucose

e Serum electrolytes

* Electroencephalography

e CT brain or MRI brain

* Complete blood count, blood culture and lumbar puncture (if febrile)

* Urine and serum toxicology screening (if exposure to toxins is suspected)

* Genetic testing (karyotyping to look for ring chromosomes)

* Metabolic testing with arterial blood gases, ammonia, lactate, serum amino
acids, acylcarnitine profile, urine organic acids, CSF lactate, sugar and neu-
rotransmitters ( to rule out inborn error of metabolism)

In a child with epilepsy on treatment and presenting with SE, therapeutic drug
level monitoring is also recommended.

Management in the ED

» Ensure patent airway (position, suction, adjuncts, BMV).
* Provide 100 % oxygen.
* Check glucose and correct hypoglycaemia (2 mL/kg of 10 % dextrose).
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e IV orIO access if no delay (otherwise buccal midazolam or PR diazepam can be
used).

» Follow Algorithm 1 for steps involved in the management of status epilepticus.

» Tepid sponging and paracetamol IV/PR if fever is documented.

e Malignant hypertension may require treatment.

» Cefotaxime/ceftriaxone if suspected meningitis; acyclovir is added in suspected
encephalitis and erythromycin in addition if aetiology unclear.

e Treat shock if present with fluids +/— inotropes.

e Lumbar puncture if there is reduced level of consciousness.

» Signs of raised intracranial pressure — consider mannitol 0.25 g/kg.

Drugs
Benzodiazepines

* Benzodiazepines are the most potent and effective first-line drugs in the
management of SE. Administration of benzodiazepines within first 10 min of
onset of seizure is beneficial due to the properties of GABA receptors and its
allosteric modulators [20].

— Lorazepam is the benzodiazepine of choice as it controls seizures within
3 min in 50 % of patients. Its potency and efficacy are comparable to
diazepam; it has a longer duration of antiseizure effect and hence reduces the
risk of recurrence [21, 22].

— Midazolam is extremely efficacious, has a rapid onset of action and controls
seizures in 90 % of patients. However, its shorter half-life may result in an
increased risk of recurrence. Midazolam also has an added risk of
hypotension.

e Presence of apnoea is not a contraindication to the administration of
benzodiazepines.

Phenytoin

¢ Phenytoin is the second-line drug in patients not responding to the initial two
doses of benzodiazepines.

e Since it is poorly soluble in water and precipitates in dextrose containing
solutions, it is infused in normal saline (dose of 20 mg/kg) at the rate of 1 mg/kg/
min with maximum rate of 50 mg/min.

* Antiseizure threshold in the brain is reached within 10-30 min after infusion.
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Phenytoin is potentially cardiotoxic. Significant proportion of SE patients are at
risk for cardiac dysfunction as it decreases the force of cardiac contraction
producing hypotension and predisposes to cardiac arrhythmias.

If pulmonary oedema or myocardial dysfunction is anticipated or occurs during
phenytoin infusion, consider using levetiracetam and/or sodium valproate after
the initial doses of benzodiazepines. Fos-phenytoin, a water-soluble phospho-
ester of phenytoin, has been considered less cardiotoxic than phenytoin and may
be safer.

Levetiracetam

Levetiracetam acts through calcium channels, glutamate receptors and GABA
modulation. It is administered as 20 mg/kg IV over 15 min (maximum, 3 g).
Levetiracetam is a good alternative antiseizure drug, and its efficacy had been
compared against phenytoin in randomized trials.

In some children, it may cause reversible behavioural changes.

Valproic Acid (VPA)

Valproic acid, a broad-spectrum anticonvulsant, acts by modulating sodium and
calcium channels, as well as inhibitory GABA transmission. Dose of sodium
valproate is 25 mg/kg bolus.

Sodium valproate has less sedation, good cardiovascular profile and lower risk of
respiratory failure compared to other anticonvulsants. It seems to be a safer
option in children presenting with or at risk of co-existing developing cardiac
dysfunction such as prolonged SE or SE with septic shock. It is safer in settings
without immediate access to mechanical ventilation.

Sodium valproate should be avoided if child has signs of liver diseases, metabolic
diseases or haemostatic abnormalities.

In adults with SE, VPA was found to be effective in termination of SE and well
tolerated as compared with phenytoin.

Termination of SE varied from 65 to 100 % in patients treated with intravenous
sodium valproate [23].

Barbiturates

Barbiturates are useful in management of refractory status epilepticus. It
depresses neuronal excitability by enhancing the GABA receptor response.
Depression of mental status and respiratory failure are common. Recommended
dose of phenobarbitone is 20 mg/kg.
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» Thiopentone sodium can be administered at a loading dose of 5 mg/kg followed
by an infusion of 3-5 mg/kg/h.

Super Refractory Status Epilepticus

Consequences of prolonged seizures are oxidative stress, mitochondrial dysfunction,
neuroinflammation and activation of signalling molecular pathways resulting in
cerebral damage. There are no randomized trials in literature for treatment of super
refractory SE. Various drugs tried in the management of super refractory SE are [18]:

e Midazolam infusion

* Propofol

* Ketamine

* Magnesium

* Pyridoxine

e Immunotherapy: steroids and intravenous immunoglobulin
» Ketogenic diet

e Deep brain stimulation

* Transcranial magnetic stimulation
e Vagal nerve stimulation therapy

* Resective neurosurgery

Pyridoxine

* Pyridoxine at 30 mg/kg may be beneficial in super refractory SE and in children
with SE due to ALDH7A gene mutations [18]. Pyridoxine infusion may cause
bradycardia, apnoea and hypothermia.

Midazolam Infusion

Midazolam, as a continuous infusion of 1 pg/kg/min with increments of 1 pg/kg/
min every 5 min, is recommended until seizures are terminated [24].

Propofol

* Propofol exerts seizure control through GABA-A agonistic action, N-methyl-D-
aspartate receptor antagonistic action, calcium and sodium channel modulation.
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e Loading dose of 2 mg/kg followed by an infusion of 2-10 mg/kg/h is
recommended.

» Tachyphylaxis, propofol infusion syndrome and hypotension are adverse effects
observed on propofol infusion.

Topiramate

» Topiramate has an N-methyl-D-aspartate receptor antagonistic action and has
been used in the management of refractory SE in various studies and found to be
efficacious [25].

Non-convulsive Status Epilepticus

» Evidence of conjugate deviation of eyes, lid twitch, nystagmus or unilateral
clonic movements in an unresponsive child helps to recognize subtle status
epilepticus.

* Subtle SE must be anticipated in children who developed sudden unresponsive-
ness or who had seizures and had not regained baseline consciousness. More
commonly, convulsive SE evolves into subtle SE during resuscitation.

e Cessation of overt motor movements alone should not be considered as
achievement of complete seizure control.

e Continuous video EEG monitoring is recommended to diagnose NCSE and
titrate drugs in accordance with resolution of electrographic abnormalities.

e Continuation of the aggressive management of the airway, breathing and
circulation with the same drug protocol as for convulsive status epilepticus until
all therapeutic goals are achieved is recommended.

Treatment of Specific Causes of SE

Central nervous system infections, cortical malformation, head trauma, cerebral
oedema, space-occupying lesion, haemorrhage, toxins, hypoxia, hypertensive
encephalopathy, inborn error of metabolism, electrolyte imbalances and autoim-
mune encephalitis can all produce seizures that are difficult to control. Assessment
of patient for possible aetiology is performed simultaneously during the manage-
ment of refractory seizures (Fig. 6.1).
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Don’t Ever Forget Glucose
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S
T Lorazepam
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P Call for senior help
2
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If seizure continuing
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- Reconfirm it is an epileptic seizure ]
s Senior help is now needed
; Seek anaesthetic / ICU advice
P Phenytoin 20 mg/kg IV/IO over 20 min
3\ already on Phenytoin, give Phenobarbitone 20 mg/kg IV/IO @ 5 min
s If seizure is continuing
T 20 mins after start of infusion
E - anaesthetics MUST be present
P
4 [ RSI with Thiopentone ]

Fig. 6.1 ED algorithm for management of status epilepticus
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Stroke in Children

Key Points

» There is equal prevalence of ischaemic and haemorrhagic stroke in children
in contrast to adults where ischaemic stroke predominates.

» Aetiology for stroke in children is usually multifactorial and diverse.

Introduction

Stroke is defined as “rapidly developing signs of focal or global disturbance of cerebral
function, lasting more than 24 h, with no apparent causes other than of vascular origin”
[26]. Prevalence rate of stroke in adults varied from 64 to 270 per 100,000 among the
different regions of India [27]. Stroke incidence rate of 1.2-2.3 per 100,000 was docu-
mented in children from a hospital-based database [28]. Incidence of childhood cere-
bral venous thrombosis (CVT) is 0.3 per 100, 000 children per year for term birth to
18 years of age and nearly half of the cases occur in neonates [29]. Perinatal stroke
refers to the cerebrovascular lesions that occur between 20 weeks of gestation and
28 days of life. In contrast to adults where ischaemic stroke cases are significantly
higher than haemorrhagic stroke, childhood stroke has almost equal prevalence of
ischaemic and haemorrhagic stroke [30]. About 80 % cases of perinatal stroke are
ischaemic, and remaining cases are attributed by haemorrhagic stroke or CVT [31].

Pathophysiology

Actiologies of stroke in children are different from adult population. Aetiology
for stroke in children is usually multifactorial and diverse which are summarized
in Table 6.8. Stroke results from interruption of blood flow resulting in infarction.
Central area where ischaemia is severe and infarction develops rapidly is the core
area, and penumbra refers to the marginally perfused area surrounding the core
which has the capacity to recover if perfusion is restored early. Stroke manage-
ment aims at the preservation of perfusion and function of the penumbra.

Clinical Features

Stroke occurring due to involvement of large arteries results in seizures, altered
sensorium, headache and focal deficits depending on artery affected. Small
vessel-mediated stroke can lead to hemiplegia and movement disorders.
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Table 6.8 Aectiology of stroke in children

Arterial
Cardiovascular

Cyanotic and rheumatic heart disease
Cardiomyopathies

Cardiac surgeries
Haematological

Sickle cell anaemia

Protein C, S deficiency
Antithrombin III deficiency
Polycythaemia
Thrombocytosis
Methylterahydrofolate reductase deficiency
Leukaemia

Lupus anticoagulant

Factor V Leiden mutation
Elevated lipoprotein A
Vasculopathies

Post varicella

Moyamoya syndrome
Infection associated
Trauma

Arterial dissection
Metabolic

Homocystinuria
Hyperlipidaemia

SLE Systemic lupus erythematosus

Venous

Sinusitis, otitis media, mastoiditis, pyogenic
meningitis

Dehydration

Inherited and acquired prothrombotic states
Head injury

Brain tumour

Systemic diseases

SLE, thyrotoxicosis, Behcet’s disease

Commonest age of cerebral venous thrombosis (CVT) is infancy (50 %), and it
usually occurs after an acute diarrhoeal episode. Diffuse signs and seizures are
more likely than focal signs in infants with CVT. Infants present with lethargy,
jitteriness, seizures and hemiplegia, and older children might present with focal
signs. Focused history taking and examination are essential in ED as shown in

Table 6.9.

Children with haemorrhagic stroke present with any of the following clinical

Ssymptoms:

e Thunderclap headache, vomiting or neurological symptoms

¢ Increased ICP
e Seizures
* Focal signs
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Table 6.9 Assessment of a child with stroke

History taking

Head and neck trauma

Unexplained fever/malaise
Recent infection
History of cardiac illness

History of haematological disorders
Varicella in last 12 months

Head and neck irradiation

Drug ingestion (aspirin, oral contraceptives, phencyclidine)
Developmental delay

Migraine

Family history (hyperlipidaemia, stroke or myocardial
infarction at young age, hematologic disease, migraine and
intellectual disability)

» Rapid deterioration in consciousness

I. Santhanam and S. Yoganathan

Clinical examination
Assessment of airway, breathing,
circulation

Vital signs and hydration
General examination

Skin: rashes, Raynaud’s
phenomena

Signs of infective endocarditis

Stigmata of neurocutaneous
syndromes

Dysmorphology

Anaemia

Stature and Marfanoid habitus
Signs of connective tissue or
systemic vasculitis

Signs of trauma — head, neck or
intraoral

» Posterior fossa bleed — Gaze abnormality, ataxia and rapid coma

Rapid neurological examination must be carried out in any infant or child
presenting with stroke as it helps in the anatomical localization. It includes the
assessment of level of consciousness, speech assessment, cranial nerves examina-
tion, motor and sensory examination and evaluation for cerebellar signs.

Investigations

Causes for stroke in children are multifactorial, and at least 50 % of them have an
identifiable risk factor [32]. Aetiological evaluation of a child brought with stroke to

ED is shown in Table 6.2.

Treatment

Supportive Care

Stroke management aims at neuroprotection, and measures are attempted to main-
tain adequate oxygenation, ventilation and hydration, correction of systemic
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hypotension (target BP 50th-90th centile), maintaining euglycaemia, euthermia,
control of seizures and management of raised ICP.

Perinatal Stroke

Class I evidence exists for correction of low platelet count, factor replacement in
coagulation factor deficiency, vitamin K administration in haemorrhagic disease
of newborn and placement of ventriculoperitoneal shunt in hydrocephalus after
intracerebral haemorrhage [31]. Class II evidence exists for supplementation of
folate and B vitamins in methyltetrahydrofolate reductase deficiency, correction
of dehydration, correction of anaemia, evacuation of intracerebral haematoma
and neurorehabilitation in perinatal stroke. Anticoagulation is considered in
neonates with underlying prothrombotic state, multiple emboli or propagating
thrombus [31].

Haemorrhagic Stroke

Efforts are directed to stabilize airway, breathing and circulation. Measures
should be initiated to reduce the risk of rebleeding and to treat the haemorrhage
itself. Effective control of systemic hypertension, management of seizures and
raised ICP are paramount. Definitive therapy must be planned after the child’s
condition stabilizes. Conventional surgery, radiosurgery or endovascular oblit-
eration of aneurysms and arteriovenous malformation (AVM) are effective for
children with bleed due to AVM rupture. Class I evidence exists for factor
replacement in children with severe coagulation factor deficiency [31]. In chil-
dren with supratentorial intracerebral haematoma, surgical evacuation is not
recommended.

Ischaemic Stroke

Adequate hydration, oxygenation, correction of shock and periodic transfusion
are recommended in children with sickle cell anaemia. Revascularization surgery
and aspirin are indicated in children with recurrent stroke due to moyamoya
disease. Unfractionated or low molecular weight heparin is indicated in children
with arterial dissection, failure of aspirin prophylaxis and cardiac thromboembo-
lism [31]. Children with cardiac failure must be initiated on antifailure medica-
tions, and surgery should be attempted in all cardiac disorders with feasible
surgical treatment [31].
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Prognosis

Reported mortality rates varied between 5 and 13 % [32, 33]. Altered sensorium at
presentation, seizures and completed middle cerebral artery stroke are associated
with poor outcome in children [33]. Long-term morbidities that have been reported
in children with stroke are neurological deficits, seizures, speech deficits, movement
disorders and behavioural problems.

Acute Movement Disorders in Children

Key Points

* Dystonia refers to an involuntary movement resulting from simultaneous
contraction of agonist and antagonist group of muscles.

* Dystonia severity can be graded from grade 1 (comfortable sitting and nor-
mal sleep to grade 5 (status dystonicus).

» Differentials for status dystonicus include neuroleptic malignant syn-
drome, malignant hyperthermia and drug-induced acute dystonia.

Introduction

Dystonia refers to an involuntary movement resulting from simultaneous contrac-
tion of agonist and antagonist group of muscles. This hyperkinetic movement disor-
der is characterized by abnormal repetitive twisting movements, posture or both
[34]. Status dystonicus (SD) is a movement disorder emergency which is often
underdiagnosed and if untreated can result in significant morbidity and mortality.
No consensus definition on the duration or frequency of dystonic spasms to be
labelled as status dystonicus exists [35]. Status dystonicus is defined as an increase
in the frequency or duration of dystonic spasms that requires hospitalization, and
only about 100 cases have been reported in literature [36].

Pathophysiology

SD occurs commonly in children between 5 and 15 years of age with chronic
dystonia or rarely can have an acute onset in a previously normal child.
Childhood disorders presenting with dystonia and are at risk for dystonic storm
are cerebral palsy, Wilson disease, glutaric aciduria, autoimmune encephalitis,
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Japanese encephalitis, drug-induced, basal ganglia stroke, systemic lupus ery-
thematosus, acute necrotizing encephalopathy of childhood, subacute scleros-
ing panencephalitis and neurodegenerative disorders [37, 38]. Provoking factors
reported for SD are febrile illness, pain due to any aetiology, change in medica-
tions, stress, surgical procedures, gastro-oesophageal reflux, constipation and
trauma [36].

Basic pathophysiology is the loss of inhibitory functions at multiple levels,
namely, cortex, brain stem and spinal cord. In addition, there is an imbalance in
basal ganglia networks and loss of excitation of inhibitory pathways from cortex
which results in loss of surround inhibition. Loss of surround inhibition is associ-
ated with overflow of contraction into other muscles during a motor task [39].

Clinical Features

Clinical evaluation starts with focused history taking. Antenatal risk factors, perina-
tal asphyxia, kernicterus, developmental delay, jaundice in past, exposure to drugs
or toxins and family history should be checked. With regard to dystonia, history of
onset, duration, distribution, aggravating factors, medications and response to treat-
ment have to be documented. During SD, there are uninhibited and overflow con-
traction of muscles leading on to various clinical symptoms that are summarized in
Table 6.10 [36]. Autonomic symptoms are rare. Fractures, gastrointestinal bleeding
and sepsis are other complications encountered in SD.

Lumsden et al. have devised a scale for assessment of dystonia severity based on
the clinical and laboratory parameters [40]. Grading of dystonia severity based on
Lumsden scale is depicted below:

Grade 1 — Comfortable sitting and normal sleep.

Grade 2 — Irritable, dystonia interferes with sitting but not lying.

Grade 3 — Dystonia interferes with lying and sleep is disturbed.

Grade 4 — Evidence of early multi-organ failure and metabolic decompensation.

Grade 5 — Life threatening with full-blown metabolic decompensation and multi-
organ failure.

Table 6.10 Clinical manifestations in children with status dystonicus

1. Sensorium Usually remains intact. Altered level of consciousness may be present in
heredodegenerative disorders or in children with hypoxemia due to
respiratory failure

2. Bulbar muscles | Dysphagia, dysarthria, risk of aspiration, airway compromise
3. Diaphragm Respiratory failure

4. Generalized Pain, sleep disturbances, exhaustion, hyperthermia, rhabdomyolysis,
dystonia myoglobinuria, dehydration, renal failure
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Description of grade 3/5 and 4/5 of the above grading system probably elucidates
the pre-status dystonicus and status dystonicus phases, respectively.

Differential Diagnosis
Neuroleptic Malignant Syndrome (NMS)

It is an idiosyncratic reaction with reported incidence of 0.2 % [41]. NMS can occur
in children, and both genders are affected. Rapid changes in doses of neuroleptic
medications, such as metoclopramide, prochlorperazine, tetrabenazine, lithium and
pimozide, are risk factors for developing NMS [36, 41]. Major criteria for diagnosis
of NMS are fever, rigidity and elevated creatine kinase level. Minor criteria include
tachycardia, abnormal blood pressure, tachypnoea, altered consciousness, diaphore-
sis and leucocytosis. Presence of three major or two major and four minor suggests
a diagnosis of NMS [42]. Treatment of children with NMS includes supportive care,
ceasing the precipitant drug, dopamine agonist or dantrolene, and managing psy-
chosis with electroconvulsive therapy [36, 41, 42].

Malignant Hyperthermia

It is a rare disorder occurring in children with mutations in gene encoding ryanodine
receptor following exposure to halogenated inhalational anaesthetics and depolar-
izing muscle relaxants. Clinical syndrome is characterized by rapid onset hyperther-
mia, rigidity, rhabdomyolysis, labile BP, tachycardia, increased sweating,
hyperkalaemia, metabolic acidosis and hypercapnia. Supportive care, withdrawal of
triggering agents and dantrolene are the management options.

Acute Dystonic Reaction

It occurs in children on therapy with dopamine-blocking neuroleptics and
antiemetics. Clinical presentation can be focal or generalized. Laryngeal muscles
are usually affected resulting in laryngeal dystonia. Oculogyric crisis, cervical
dystonia, blepharospasm and focal limb dystonia are the other presentations reported
in acute dystonic reaction. Consciousness is preserved. Treatment is supportive with
withdrawal of precipitant drug and use of benztropine or diphenhydramine.

Investigations

Investigations are targeted to identify the aetiology if not established already, to
screen for sepsis as it is one of the most common triggering agents and to monitor
the complications in an established SD (Table 6.11).
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Table 6.11 Summary of investigations in a child with status dystonicus

To look for

triggering
To diagnose the aetiology agent To monitor complications
MRI brain Blood count Serum creatine kinase
Serum copper Blood culture | Urine myoglobin
Serum ceruloplasmin Chest X-ray Serum electrolytes
Urine copper excretion Urine culture | Arterial blood gases
Blood lactate, ammonia Blood borne Blood urea, creatinine
Urine organic acids virus screen Urine myoglobin
Plasma amino acids Upper gastrointestinal (GI)

endoscopy in case of GI bleed

CSF lactate, pterins, neurotransmitters, Electrocardiography
protein, sugar, PCR for viruses, antimeasles
antibodies
Acylcarnitine profile, mitochondrial and Echocardiography

DYT gene mutation studies

MRI magnetic resonance imaging, CSF cerebrospinal fluid, PCR polymerase chain reaction,
GI gastrointestinal

Treatment
Supportive Measures

In a child admitted with SD, care should be taken to stabilize airway, breathing
and circulation. Supportive measures in the management of SD are proper posi-
tioning, catheterization to monitor urine output, bowel care with laxatives, ade-
quate nutrition with nasogastric feeds or parenteral nutrition, antibiotics for sepsis,
ensure adequate sleep with chloral hydrate or benzodiazepines and adequate
analgesia [36].

Medical Management

Randomized trials for management of SD do not exist. In established SD, clonidine
can be administered by oral, enteral or intravenous route and dose is titrated in
accordance with clinical response. If dystonic spasms are refractory, midazolam
infusion, use of non-depolarizing muscle relaxants, propofol infusion and barbitu-
rates are considered. Anti-dystonic medications that are used in the treatment of SD
are benzodiazepines (diazepam, clonazepam), trihexyphenidyl, tetrabenazine, halo-
peridol, pimozide, baclofen, levodopa, carbidopa-levodopa, benztropine, benzhexol,
sulpiride, lithium, bromocriptine, valproate, carbamazepine, primidone, phenytoin,
acetazolamide, gabapentin, chlorpromazine, olanzapine, clozapine, risperidone and
botulinum toxin injection [36, 43].
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Surgical Management

Intrathecal baclofen pump, deep brain stimulation of globus pallidus, pallidotomy
and thalamotomy are the surgical procedures beneficial in the management of
refractory SD [36].

Specific Treatment for Underlying Aetiology

Low-lysine diet for glutaric aciduria, copper-free diet and zinc for Wilson disease,
megavitamins for mitochondrial disease, steroids and immunoglobulins in
autoimmune encephalitis are paramount in the management.

Prognosis

Mortality was reported as 10 % in a study and predictors of mortality in their cohort
were tonic phenotype and male gender [43].

Neuromuscular Emergencies in Children

Key Points

* Guillain-Barre syndrome (GBS) and myasthenic crisis are among the
common neuromuscular emergencies in children and adolescents.

* GBS is an immune-mediated neuromuscular paralysis in which the
antibodies are directed against the gangliosides of peripheral nerves.

* Autoimmune myasthenia usually presents with myasthenic crisis.

» Easy fatigability with diurnal variation of symptoms differentiates MG
from other LMN disorders.

Introduction

Lower motor neuron (LMN) comprises the anterior horn cell, root, plexus, periph-
eral nerve, neuromuscular junction and muscle. Acute motor weakness can result in
emergency department admission in children. Guillain-Barre syndrome (GBS) and
myasthenic crisis are among the common neuromuscular emergencies in children
and adolescents. Annual incidence of myasthenia is 0.2-2 patients per 100,000, and
GBS is 0.5-1.5 per 100,000 [44, 45]. Up to one-fourth of all MG patients have
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disease onset in childhood or adolescence [46, 47]. There is lack of data on inci-
dence of myasthenic crisis in paediatric population. Prevalence of myasthenic crisis
in adults with myasthenia gravis varies between 15 and 50 % [44]. Risk of recurrent
crisis is high with MuSK antibody-associated MG.

Pathophysiology

GBS is an immune-mediated neuromuscular paralysis in which the antibodies are
directed against the gangliosides of peripheral nerves. Antibodies develop following
natural infection (respiratory or gastrointestinal) or immunization in two-thirds of
cases [48]. Antibodies bind to epitopes on the Schwann cells resulting in comple-
ment activation and myelin destruction. Another proposed mechanism is through
cell-mediated immunity where T cells act against Schwann cells resulting in activa-
tion of macrophages and release of inflammatory mediators [49]. GBS is further
subclassified into acute motor axonal neuropathy (AMAN), acute motor sensory
axonal neuropathy (AMSAN), acute inflammatory demyelinating polyneuropathy
(AIDP), Miller Fisher syndrome (MFS) and Bickerstaff encephalitis based on the
electro-clinical features.

Myasthenia is a congenital or acquired syndrome. Congenital myasthenic syn-
dromes are inherited and rarely present with crisis. Neonatal myasthenia due to
passive transfer of maternal antibodies can result in respiratory depression.
Autoimmune myasthenia is characterized by the presence of antibodies directed
against acetylcholine receptor (AchR) or muscle-specific tyrosine kinase (MuSK)
antibodies. AchR antibodies cross-link with receptors at the postsynaptic mem-
brane leading to endocytosis and degradation. Myasthenia with autoantibodies usu-
ally presents with myasthenic crisis, an emergency characterized by respiratory
muscles weakness, bulbar muscles weakness or both with need for mechanical
ventilation.

Clinical Features

Hallmark symptoms of LMN disorders that facilitate visit to ED are progression of
weakness, bulbar or respiratory paralysis or severe pain. More than half of children
with GBS have a history of preceding respiratory or gastrointestinal symptoms
within 3 weeks of onset of weakness. GBS is diagnosed based on the Asbury et al.
criteria [50] (Table 6.12).

Pattern of muscle weakness differentiates AchR from MuSK antibody-
associated disease, and easy fatigability with diurnal variation of symptoms dif-
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Table 6.12 Ceriteria for diagnosis of Guillain-Barre syndrome [50]

Definite Supportive Doubtful
1. Progressive 1. Symptoms progressive up 1. Pulmonary dysfunction at onset but
weakness to 4 weeks mild limb weakness

involving both
upper and lower

limbs
2. Areflexia 2. Symmetry of symptoms 2. Predominant sensory signs at onset
3. Mild sensory symptoms or | 3. Bladder or bowel symptoms at onset
signs
4. Cranial nerve involvement | 4. Fever at onset
5. Dysautonomia 5. Definite sensory level
6. Presence of pain 6. Slow progression
7. Albuminocytological 7. Marked asymmetry of weakness
dissociation in CSF
8. Typical electrophysiological | 8. Persistent bladder or bowel
features dysfunction
9. Increased number of mononuclear
cells in CSF (>50x 106/L)
10. Polymorphonuclear cells in CSF
CSF cerebrospinal fluid

Adapted from Asbury and Cornblath

ferentiates MG from other LMN disorders. Limb muscles being more involved
than bulbar muscles, predominant ptosis, extraocular muscle weakness and neck
extensor being more involved than neck flexors characterize the clinical pheno-
type of AChR-MG. Triggering factors for myasthenic crisis are infection, surgery,
emotional stress, high environmental temperature, aminoglycoside therapy and
coexistence of other autoimmune disorders [44].

Focused clinical examination in MG crisis and GBS is essential to check for
reduced single breath count, poor chest expansion, use of accessory muscles, hypo-
phonia, airway collapse due to oropharyngeal weakness, pooling of oral secretion,
bifacial weakness and jaw weakness.

Differential Diagnosis

Other causes of acute onset motor weakness in infants, children and adolescents are
summarized below:

* Anterior horn cell: Poliomyelitis and non-polio enterovirus infection
» Peripheral nerve: Porphyritic polyneuropathy, diphtheritic polyneuropathy and
toxic neuropathies
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¢ Neuromuscular junction: Botulism, spider envenomation and organophosphate
poisoning

e Muscle: Inflammatory myopathies, metabolic myopathies, hypokalaemic or
hyperkalaemic periodic paralysis

Investigations

In a child brought to ED with underlying neuromuscular pathology and crisis, blood
should be send for complete blood count, C reactive protein and culture to rule out
sepsis which is the most common triggering agent. Serum electrolytes must be sent
to exclude hypokalaemic or hyperkalaemic periodic paralysis. Calcium, serum cre-
atine kinase (CK), liver enzymes, arterial blood gases and thyroid-stimulating hor-
mone should also be tested. Serum CK is elevated in inflammatory myopathies.
ECG is done to look for arrhythmias in children with GBS. Chest X-ray is needed
to rule out aspiration pneumonia and thymic enlargement.

AChR and MuSK antibodies testing are done in patients with myasthenic crisis.
Detailed nerve conduction studies with repetitive nerve stimulation test and single
fibre EMG should be planned to characterize the type of GBS and myasthenic syn-
drome. Magnetic resonance imaging of spine with contrast is done in suspected
cases of polio or non-polio enterovirus myelitis. CSF samples analysis should be
analysed for albumin-cytological dissociation and viral PCR. Screening for por-
phyria and heavy metals are done in appropriate cases.

Respiratory function indices such as vital capacity <10 mL/kg, negative inspira-
tory force <20 cmH,0O and positive expiratory force <40 cmH,O indicates myas-
thenic crisis.

Treatment
Supportive Care for Children with Neuromuscular Emergencies

In an unstable child, emergency physician should take a focused history and per-
form rapid clinical examination with simultaneous efforts to resuscitate airway,
breathing and circulation. Stabilize the child and monitor for progression of weak-
ness with efforts to prevent fatal complications. Frequent monitoring is done to
watch for respiratory paralysis, bulbar muscle paralysis and dysautonomia. Proper
positioning of the child with frequent position change is needed to prevent decubi-
tus ulcers, contractures and pulmonary embolism. Nociceptive pain in acute phase
due to inflammation in GBS is often treated with paracetamol, analgesics, gabapen-
tin and carbamazepine. However, a recent Cochrane review concluded that there is
no sufficient evidence to support the use of any pharmacological intervention for



134 I. Santhanam and S. Yoganathan

pain management in patients with GBS [51]. Prophylaxis for deep vein thrombosis
is also recommended.

Specific Treatment
GBS

Intravenous immunoglobulins (IVIg) 400 mg/kg/day administered for 5 days or
plasma exchange (PE) is the recommended treatment for children with GBS who
are non-ambulant. A Cochrane review concluded that in children, according to low-
quality evidence, IVIg probably hastens recovery compared with supportive care
alone [52]. In this Cochrane review, other trials comparing IVIg and PE were also
analysed, and it was found that efficacy of IVIg and PE wad similar.

Myasthenic Crisis

Removal of precipitating agent and treatment of infection with five sessions of
plasma exchange (removal of 1-1.5 times plasma volume on each session) or human
IVIg (0.4 gm/kg/day for 5 days) and corticosteroids (prednisolone 1 mg/kg/day) are
recommended [53].

Prognosis

Nearly 15 % of children with GBS require mechanical ventilation. Prognosis of
GBS in children is excellent with complete recovery in majority [45].
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Chapter 7
Eczema, Allergy and Anaphylaxis

Nikki Biggs and Sophie Vaughan

Allergic and Anaphylactic Reactions

Key Points

» Allergic or atopic patients have a predisposition to mount exaggerated
immune responses to common environmental allergens such as pollen,
insect venom or certain foods such as peanuts.

* Symptoms can consist of a spectrum of respiratory, cardiovascular, gastro-
intestinal and dermatological manifestations.

» Anaphylaxis is defined as a serious or life-threatening generalised allergic
reaction with rapid onset, involving airway, breathing or cardiovascular
compromise.

» Allergy assessment is mandatory in any child presenting with anaphylaxis,
and a tailored management plan is needed, based on an individual risk
assessment.
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Aetiology

The aetiology of allergy and anaphylaxis can be considered in four mains groups:
foods, drugs, venom (insect bites, bee stings, etc.) and idiopathic. Foods are the
most common precipitant in children [1].

The aetiology is variable depending on whether the onset is community or
hospital based. Those presenting to an emergency department are more likely to
have food, venom or idiopathic allergic reactions. Hospital-based episodes are more
likely to be drug induced.

Epidemiology

The epidemiology of anaphylaxis has been challenged in the past by inconsistencies
in the definition [2]. The incidence of allergic illnesses is on the increase [1], which
has been attributed to changes in environmental factors such as air pollution and
tobacco exposure, respiratory viruses and obesity [3].

Despite overall numbers of those suffering from allergy increasing, it is thought
anaphylaxis, specifically and particularly in the very young, is under-diagnosed as
the presentation is less specific and can mimic a number of other pathologies such
as sepsis, GI upset and viral illnesses [4].

There is no overall figure for the frequency of anaphylaxis in the UK, but it is
estimated that 1 in 1,333 of the population has experienced it at some point in their
life [5]. The American College of Allergy, Asthma and Immunology Epidemiology
of Anaphylaxis concluded that the overall frequency of anaphylaxis lies between 30
and 950 cases per 100,000 persons per year [1]. Anaphylaxis is fatal in 0.65-2 % of
cases, causing estimated 20-30 deaths per year in the UK [1, 6].

Pathogenesis

Most cases of anaphylaxis are the result of mast and basophil cell activation via
allergen-specific IgE molecules. Activation of such cells results in the release of
chemical mediators such as histamine, tryptase and cytokines that produce the
symptoms of disease in some or all of the target organs.

IgE-dependent reactions are usually precipitated by the more common aller-
gens: food, medications and venoms. There are some reactions that are not IgE
mediated and these are termed anaphylactoid reactions [4]; the precipitants for
which are very varied but include radiocontrast media and non-steroidal
(NSAIDs) [3].

Mast cells can be directly activated through precipitants such as exercise, cold,
sunlight and ethanol and medications such as opioids [3]. Idiopathic anaphylaxis:
anaphylaxis, when there is no apparent trigger, should raise the possibility of an
underlying immunological condition such as mastocytosis.
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Presentation

The classical presentation of an allergic reaction is that of an onset of symptoms
minutes to hours after exposure. The onset of IgE-mediated symptoms usually
occurs within 2 h and food allergens, specifically, within 30 min [2]. When anaphy-
laxis is fatal, death usually occurs very soon after onset, typically after 5-35 min;
drug-induced reactions occur quicker than venom-induced ones, which occur
quicker than food-induced reactions. Death has never occurred more than 6 h after
onset after contact [1].

Initial symptoms can vary with aetiology and may include any of the following:
pruritus around the face and mouth, a strange taste in the mouth, flushing, urticaria
(local or generalised), facial angioedema, dry cough, nasal congestion, sneezing,
feeling of tightness in the throat, shortness of breath, wheezing, nausea, vomiting,
abdominal cramping, feeling faint and loss of consciousness in severe cases.

The younger the child, the vaguer the symptoms can be, with children presenting
as pale and floppy with or without a history of previous reactions, which can be chal-
lenging to the diagnostician. As children get older, they are more likely to develop
respiratory and oropharyngeal symptoms. Such episodes can present more in keeping
with life-threatening asthma [1]. Adolescents are more likely to present in a similar
way to adults, with a higher propensity for cardiovascular compromise and collapse.

In older children, anxiety/panic attacks can cause diagnostic confusion because
of the combination of associated feeling of apprehension or ‘sense of impending
doom’. Tachypnoea, flushing and gastrointestinal symptoms can occur in both.

Syncope can also be a confusing presenting complaint, but simple vasovagal
events are usually quick to resolve with simple measures and are unlikely to be
associated with any of the symptoms listed above.

Pruritus, especially of the palms, feet and head, is often an impending sign of a
more severe reaction and/or anaphylaxis, but it is important to recognise that cuta-
neous symptoms are absent in approximately 20 % of cases [6].

It is thought that many patients do not receive optimal medical management for
anaphylaxis, for a variety of reasons, including the difficulty in differentiating it
from other less severe histamine-releasing reactions and a lack of understanding in
making the diagnosis [5].

Anaphylaxis is highly likely when any one of the following three criteria is ful-
filled [2]:

1. Acute onset of an illness (minutes to hours) with involvement of the skin, muco-
sal tissues or both, e.g. generalised urticaria, hives, flushing or mucosal swelling
And at least one of the following:

(a) Respiratory compromise: dyspnoea, stridor and bronchospasm
(b) Cardiovascular compromise: hypotension and collapse

2. Two or more of the following that occur rapidly after exposure to a likely antigen
for that patient (minutes to hours):

(a) Involvement of the skin or mucosal tissues
(b) Respiratory compromise
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(c) Cardiovascular compromise
(d) Persistent gastrointestinal symptoms, e.g. crampy abdominal pain, nausea
and vomiting

3. Hypotension after known exposure to a known allergen for that patient.
Hypotension for children is defined as systolic blood pressure <70 mmHg from
1 month to 1 year, <70 mmHg + (2 x age) from 1 to 10 years and <90 mmHg
from 11 to 17 years.

Severe allergic reactions and anaphylaxis can both run a biphasic course, the
quoted incidence varying between 6 % and 11 %, with up to 3 % of these being
severe in nature [2, 3].

Risk Factors

Patients, who have had an anaphylactic reaction, have a strong likelihood of having
a further one. The risk of developing anaphylaxis seems to be dependent on the
severity and character of previous reactions.

Asthma, particularly when severe, or poorly controlled, is strongly associated with
anaphylaxis [7], and almost all fatal cases occur in patients with asthma [2]. Additional
risk factors include reactions to peanuts specifically, the amount of allergen, not being
at home at the time of reaction, those who have a biphasic course and those on con-
current medication such as p-blockers [3]. Mast cell disorders, although rare in chil-
dren, are also associated with an increased risk of severe or fatal anaphylaxis [7].

The very young, as they are unable to describe their symptoms, and the adoles-
cent population, for their associated increased risk-taking behaviour, are also at
higher risk [3].

Exercise-induced anaphylaxis (EIA) is a rare variant of illness where physical
exertion itself seems to trigger and often involves concomitant ingestion of a specific
food such as shellfish, celery or wheat [3]. Other cofactors thought to amplify an
acute anaphylactic reaction, which are thought to be involved in up to 20 % of cases
[3], include acute intercurrent infection, fever, emotional stress and premenstrual
status in females. Concomitant ingestion of ethanol and/or NSAIDs enhances intes-
tinal permeability and allergen absorption and hence can also augment a reaction [3].

Acute Management of Anaphylaxis (See Flowchart for a Brief
Overview)

The initial treatment is hinged on early recognition of the severity of the reaction,
which can sometimes be challenging should the child not be known to have aller-
gies. A structured ABC (airway, breathing and circulation) approach should be used.
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Removal of the Allergen

* The need to consider this is more important should the reaction occur in an
inpatient setting, i.e. removing latex gloves and stopping an antibiotic
infusion.

* Those with a reaction precipitated by inhaled/touched allergen should consider
changing clothes, washing the hand/face, etc., to avoid ongoing exposure.

Adrenaline

e Intramuscular adrenaline is the cornerstone of treatment [6]; the «-adrenergic
effects increase peripheral vascular resistance, blood pressure and coronary
artery perfusion whilst reducing angioedema and urticaria. The f1-adrenergic
effects increase heart rate and contractility, and the f2-adrenergic effects mediate
bronchospasm and inhibit release of inflammatory mediators [2].

» Using adrenaline early is associated with a better outcome [1].

e Itis underused in the treatment of anaphylaxis [3, 7].

* There are no absolute contraindications for using adrenaline; however, it should
always be given after making an individual risk assessment. The side effects such
as pallor, tremor, headache and palpitations are usually indicative that a thera-
peutic dose has been delivered. Serious adverse reactions, such as ventricular
arrhythmias and hypertensive crises, usually only occur during an overdose of
adrenaline [3].

e It should be delivered intramuscularly which delivers a peak concentration
within 8—10 min.

* Nebulised adrenaline can be considered and has been found to be helpful with
perioral or airway swelling, but its bioavailability renders it less effective for
other manifestations of anaphylaxis.

* Intravenous adrenaline is warranted should repeated doses of intramuscular
adrenaline be required or should there be an insufficient response. This should
ideally be done with invasive monitoring in place.

Fluids

* Fluids should be run in parallel with treatment with adrenaline, in 20 ml/kg
boluses, and response to these boluses should be monitored.

¢ Should the child be in need of more than 40 ml/kg, sedation to allow intuba-
tion, ventilation and invasive monitoring + inotropic support should be
considered.
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B, Agonists

» Salbutamol delivered via a spacer and metered-dose inhaler or by nebuliser should be
given for any wheeze; however, adrenaline should still be the first-line therapy should
the child present with significant respiratory compromise and bronchospasm.

H, Antagonists

*  Whilst this forms part of the management plan for allergic and anaphylactic reac-
tions in most departments, there is no evidence of their efficacy [2]. It is thought
that they help relieve itching, flushing, angioedema and nasal and eye symptoms
[3]. It is usually the first-line treatment for mild to moderate allergic reactions.

» Their average onset of action is 30 min and should be given promptly if a child
has been exposed to a known allergen or develops symptoms but should not
delay the delivery of adrenaline if the child is in anaphylaxis.

» Cetirizine is potent and fast-acting antihistamine and should be considered as the
drug of choice.

Corticosteroids

* These should not be considered a first-line treatment as their onset of action is
not quick enough (46 h). They ‘switch off” transcription of activated genes that
encode pro-inflammatory proteins and in doing so help in reducing the incidence
of biphasic reactions [3].

Observation/Monitoring

Protracted uniphasic anaphylaxis is uncommon but can last for days [3]. However,
for the vast majority, close observation of children, who did not require adrenaline,
for 4 h would be considered sufficient.

Those with a severe-enough reaction to need adrenaline should be observed for
6—12 h depending on how quickly their condition stabilises.

Patients with a severe or protracted course or those needing more than one dose
of adrenaline would warrant admission.

Diagnosis and Investigation

A pattern of symptom onset and exposure in association with raised tryptase and
histamine levels during the time of acute illness and raised IgE levels to the sus-
pected antigen are usually sufficient to make the diagnosis.
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Plasma histamine is elevated for a brief period of time but is unstable and diffi-
cult to measure in the clinical setting [4]. It is recommended that tryptase levels be
measured as soon as possible during an acute reaction and then ideally within 1-2 h
but no longer than 4 h from the onset of symptoms [5]. The half-life of tryptase is
2 h, so levels may well be back to normal within 6-8 h [1]. Levels within an acute
setting that remain within normal limits do not rule out the clinical diagnosis [3].

When the diagnosis is uncertain, skin prick testing or serum-specific IgE for the
common agents [6] may be performed if the diagnosis still remains unclear. There is no
consensus currently on the optimal time after a reaction to perform these tests, although
skin prick testing cannot be performed when the patient has recently had antihistamine,
so it is commonly performed at a later stage as part of an allergy clinic review [3].

Chronic Management

All children who have had an episode of anaphylaxis should be considered for a refer-
ral to an allergy specialist service. When compared to those receiving standard care,
they benefit from reduced incidence rates as a result of effective avoidance and a higher
probability of successful adrenaline autoinjector use [5]. Those whose initial reaction
was due to food, drugs or venom are expected to experience five to six more reactions
in their lifetime. This is reduced to one to two in those with food-induced reactions
under specialist care, and in those with drug-induced reactions, the recurrence rate is
almost eradicated. The incidence of idiopathic anaphylaxis remains unchanged [5].

Current research, specifically within the paediatric population, has shown prom-
ising results from early introduction of peanut from 4 months of age showing sig-
nificantly reduced peanut allergy at 60 months of age compared to a peanut-avoidance
group [8]. Further studies are also looking at early introduction of allergenic foods
in the diet between 3 and 6 months of age [9].

Agents such as omalizumab, a recombinant DNA-derived IgG monoclonal anti-
body, are also in early stages of development for allergy and anaphylaxis. It binds to
free human IgE in the blood and interstitial fluid and to membrane-bound IgE. It is
currently used in the management of steroid-resistant asthma.

Prevention

All patients should be educated about allergen avoidance if known. It is important
to advice patients on allergies that commonly occur together, e.g. latex and kiwi
fruits [6].

Should the child have needed adrenaline, or presented with a moderate reaction
and have underlying asthma, an adrenaline autoinjector should be considered. The
patient and carers should be trained in its use, ideally with a personalised action plan
at discharge and regular review. The treatment plan should also include advice on
symptom recognition and guidance on when to use mediation [6]. Optimal manage-
ment of concurrent medical problems, asthma especially, is also essential.
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Emergency management of an allergic reaction/anaphylaxis

Allergic reaction / Anaphylaxis

Mild

Facial swelling
Urticarial rash
Tingling of the mouth
Abdominal cramps and
vomiting

. 2 . 2

Cetirizine (oral)
<1 yrs 250meg/kg bd
1-6 years 2.5 mg bd

€-12years Smg bd
12-18 years 10 mg od

Urticarial rash only

Continue for the duration of the rash

¥ ) 2

Single presentation: Add
B Gl . Prednisolone 1mglkg
Recurrent presentation: (max dose 40mg)

GP to refer to allergy clinic l

In patients with co-
existing asthma

Observe for four hours from
the onset of symptoms.

Discharge with:
Cetirizine TTO
Prednisclone 3 days
Patient information leaflet
GP letter
Request for GP to prescribe
cetirizine for nursery/school
GP to refer to allergy clinic

Discharging a patient with anaphylaxis

Discharge with:
Patient information leaflet
Advice to inform scheel / nursery
Adrenaline Auto-inj devices " E
Cetirizine
3 days of Prednisolone
GP letter (advise GP to prescribe 2 further auto-injector
devices for school/nursery)

Give adrenaline autoinjector device training
hitp:/ferww.emerade.com/

Referral to Paediatric allergy clinic

Severe | Anaphylaxis

Swelling of tongue
Swelling or tightness in threat
Difficulty talking and or hoarse voice
Difficulty or wheezy breathing
Persistent cough
Loss of consciousness or collapse

Move the patient to CED majors or Resus.

Senior cli

High flow Oxygen

If airway compromise call anaesthetic SPR on call #6111

Adrenaline IM Autoinjector Device
0.01ml/kg of 1 in 1000 or
<6years 150mcg
6-12 years 300mcg
>12 years 500mcg
Repeat at 5-10 minute intervals if necessary according to
clinical response
Adrenaline nebuliser
if stridor
5mis of 1in 1000
Low threshold for Adrenaline in pati with previous
severe reaction who present with urticaria and co-
existing asthma

Assess Breathing
If wheeze administer salbutamol as required
<5 years 2.5 mg > 5 years 5mg
Conisider the need for IV salbutamol / MGS04

Assess Circulation
IV access — check tryptase level (red top)
If Systolic BP <85 + (ageinyrs x 2)
20mis/kg 0.9% Saline IV/IO

Repeat all of the above treatments as required.
If needing repeat doses of Adrenaline
inform PICU SPR bleep 6890 Ext 1932

Chlorpheranamine IV/IM Hydrocrtisone IV/IM

< Bmonths 250meglkg <Bmonths 25mg

Emths-6 years 2.5mg 6months-Eyears 50mg
6-12 years Smg 6-12 years 100mg
=12 years 10 mg >12 years 200mg

Admit for observation
Observe for 6 Hours.
Consider 12 hours observation if past history of
biphasic reaction.
ED consultant review prior to discharge

Second tryptase level at € hours post onset of anaphylaxis
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Atopic Eczema/Dermatitis

Key Points

* Nine out of ten children who attend the ED with atopic eczema or derma-
titis will be <5 years of age.

» The aetiology is often multifactorial (genetic, allergy and infection).

» There is an early and a late stage.

* Distribution is age dependent.

» Treatment is based on the severity/control at the time of presentation.

* About 60 % of children will have grown out of eczema by the time they are
teenagers.

Aetiology

There is usually a family history of atopy in about two-thirds of the cases.
Breastfeeding is thought to offer some protection in children of atopic families.

Triggers

 Trritants: Soap and detergents.

* Infection: Bacterial and viral. Staphylococcus aureus infections secondary to its
endotoxins have been implicated. Vesicular or punched-out ulcerated lesions
could suggest eczema herpeticum.

e Aeroallergens: Pollen, animal fur, house-dust mite.

* Stress.

* Overheating.

* Synthetic clothing.

* Food allergens.

Clinical Features

The early stage is characterised by erythema, scaling, itching and weeping. The late
stage is characterised by lichenification and pigmentation changes.
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Distribution

* Infancy: The face and scalp predominate followed by trunk and limb extensor
surfaces.

¢ Childhood: Flexural creases of the elbow and the knee.

¢ Adolescents: Flexural creases of the elbow/knees, face, hands and feet.

Management [10]

This depends on the severity of the presentation. Three presentations are common
(mild, moderate or severe flare). An ongoing itch is the biggest sign of under-
treatment of the inflammation, and the ED physician should consider stepping up
the acute treatment and/or consider infection. In all presentations advice the parents
and the children on how to try and avoid known triggers. The mainstay in the man-
agement of eczema flare is emollients, corticosteroids and antihistamines.

Emollients (e.g. Diprobase and Epaderm)

Apply emollients generously. Do not rub onto the skin; just apply smoothly. A 500 g
tub of emollient should last for about 2 weeks. Some may cause irritation, and if so
consider trialling alternatives. If used in conjunction with a corticosteroid cream, wait
for 15 min after the application of the steroid ointment before applying an emollient.

Corticosteroid Ointment

Three potencies Mild: 1 % hydrocortisone (face and body)
Moderate: Eumovate (body only)
Potent: mometasone (body only)

Steroid ointments are applied as fingertip units (FTU: amount of cream squeezed
from the tube along an adult’s fingertip). An FTU is sufficient to cover an area of the
skin twice of the flat of an adult’s hand with the fingers together.

Antihistamines

Antihistamines not advised routinely.

Consider a 1-month trial of a non-sedating antihistamine to children with severe
flare or those with moderate/mild flare when there is severe itching or urticaria. If
successful continue for 3 months, and review the need thereafter.
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If the itching is severe enough to cause sleep disturbance and the child is over
6 months of age, then consider a 7-14-day trial of a sedating antihistamine. This can
be repeated for subsequent flare-ups.

Mild flare or good control (skin not erythematic or pruritic): Moisturise with emol-
lient at least twice a day, e.g. Diprobase Cream or Epaderm Ointment. Use a bath
additive such as E45.

Moderate flare (patches of erythematous, itchy skin): Use corticosteroid ointment to
treat the underlying inflammation in addition to the above. Consider
antihistamines.

Severe flare (eczema not responding to regular emollients and current steroid ther-
apy): ‘Step up’ to stronger steroid cream. Swab areas of weeping skin, and con-
sider antibiotics such as Augmentin as secondary infection with Staphylococcus
aureus may lead to the development of scalded skin syndrome. Add antihista-
mines to the regime. If eczema herpeticum (herpes simplex 1: causative agent) is
a concern, get an opinion from a senior clinician, and antiviral such as acyclovir
may be added to the above regime if the lesions are widespread or if the child is
clinically unwell.

ED management of an eczematous flare

MANAGEMENT OF AN ECZEMATOUS THINK: Differential Diagnosis:
FLARE Urticaria, Contact Dermatitis, Cellulitis, Impetigo
IS THIS EZCEMA HERPECTICUM?
Vesicular or punched-out ulcerated lesions.
ASSESS SEVERITY Call for Senior Opinion

SEVERE FLARE:

GOOD CONTROL: MODERATE FLARE: Ezcema not responding to

Skin not erythematous or pruritic Patches of °Ws“k:m3‘W5» itchy

regular emollients and current
steroid therapy

ACTION:

‘Step Up' to stronger steroid cream
If patches of broken skin, especially if
areas weeping, swab and consider
antibiotics (Augmentin Duo)

ACTION:
Use Corticosteroids"*** Qintment to treat the inflammation

Y

ACTION:
Moisturise with Emollient® at least twice a day e.g. Diprobase Cream, Epaderm Ointment
Use bath additive e.g. E45
Try to avoid known triggers**
Consider Antihistamines**
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Chapter 8
Gastrointestinal Emergencies

Shanthi Sangareddi

The most common gastrointestinal emergencies encountered in the emergency
department are acute gastroenteritis and gastrointestinal bleeding, and these two
entities are addressed in this chapter.

Section A: Acute Gastroenteritis

Key Points

* Diarrhoea is commonly caused by viral infections. Antibiotics are not
needed for most diarrhoea.

* Oral rehydration therapy reduces mortality.

* Assessment of dehydration is vital. Some dehydration is managed with
ORS and severe dehydration with intravenous fluids.

» Dysentery results from bacterial infections.

Introduction

Acute gastroenteritis (AGE) is a common emergency in children. It usually presents
with vomiting and diarrhoea. The burden of diarrhoeal disease is very high all over
the world. It is an important cause of mortality (9 % of all deaths in children less
than 5 years of age) leading to 580,000 deaths per year globally [1]. In India more
than 2.3 million children died in 2004 of which 334,000 are attributable to
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Table 8.1 Common causes of AGE

Viruses Bacteria Parasite
Rotavirus Enterotoxigenic E. coli, Shigella Entamoeba histolytica
Caliciviruses Salmonella Giardia lamblia
Norwalk-like viruses Yersinia enterocolitica Cryptosporidium
Enteric adenoviruses Campylobacter jejuni

Cholera

diarrhoeal diseases [2, 3]. 23 % of global deaths among children <5 years of age are
due to rotaviral infections that occurred in India [4].

Diarrhoea is defined as the passage of three or more than three liquid or loose
stools per day or more frequent passage than is normal for the individual [5]. If the
duration of an episode of diarrhoea is less than 14 days, it is called acute diarrhoea.

Aetiology

Most diarrhoeal episodes occur due to contaminated water or food and spreads by
the faeco-oral route. The common causes of AGE are given in Table 8.1 [6].

Systemic infection, urinary tract infection and viral hepatitis can also cause diar-
rhoea. Drug-induced diarrhoea is another common problem.

Pathophysiology

Enteropathogens produce diarrhoea in two ways. Some pathogens (cholera, entero-
toxigenic E. coli, staphylococci) produce toxins and cause non-inflammatory diar-
rhoea. These toxins affect the small intestine. They usually cause secretory
diarrhoea. The stool microscopy is usually normal.

Rotavirus invades the microvilli and destroys it reducing the absorptive area of
the intestine. Other organisms (Shigella and Salmonella) invade the colonic mucosa
and produce an inflammatory reaction resulting in dysentery.

History: The history should include:

* The duration of diarrhoea

*  Number of stools per day

* Nature of the stool

* Presence of blood and mucus in the stools
e Vomiting

e Fever

e Thirst

* Urine output in the last 6 h

 [If child is able to drink or eat

» Lethargy, irritability and unresponsiveness
* Measles in the past 3 months
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Table 8.2 Features of dehydration as per WHO

Some dehydration (2 or more of the Severe dehydration (2 or more of the following
following signs should be present) signs should be present)

Irritable Lethargy or unconsciousness

Sunken eyes Sunken eyes

Skin pinch goes back slowly Skin pinch goes back very slowly

Drinks eagerly Drinks poorly or not able to drink

Vomiting without diarrhoea is not AGE. Other causes of vomiting should be
ruled out.

Clinical examination: Helps to assess the hydration status of the child.
Conventionally dehydration is classified as mild, moderate and severe based on the
% of weight loss. In infants and young children, it corresponds to 5, 10 and 15 %
and in older children to 3, 6 and 9 %.

World Health Organization (WHO) classifies dehydration as no dehydration,
some dehydration and severe dehydration (Table 8.2) [7].

Hypovolemic shock due to AGE is identified by the presence of:

e Altered mental status

» Effortless tachypnoea

* Tachycardia

¢ Cold extremities

e Weak pulses

* Capillary refill time >3 s with normal blood pressure (compensated shock) or
low blood pressure (hypotensive shock)

It is important to differentiate between severe dehydration and shock as the latter
requires more aggressive therapy.

Complications of AGE

. Hypovolemic shock

. Haemolytic uraemic syndrome

. Electrolyte imbalance: hyponatraemia, hypernatraemia and hypokalemia
. Septic shock

. Acute renal failure

DN A W -

Investigations: are not needed for most children with diarrhoea

Stool microscopic examination — RBCs and neutrophils are seen in dysentery.
Entamoeba trophozoite is diagnostic of amoebiasis. Presence of giardia trophozoite
or cyst indicates giardiasis.

Stool culture in infective colitis.

Hanging drop preparation for cholera.

Serum electrolytes, BUN and creatinine in children presenting with hypovolemic
shock.

Blood culture if sepsis is suspected.
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Management

The advent of oral rehydration salt (ORS) in the 1970s has revolutionized the man-
agement of diarrhoeal diseases and reduced the mortality significantly. Oral rehy-
dration therapy (ORT) using a solution made from ORS is the cornerstone of
treatment of diarrhoea.

The WHO recommendation is discussed below.

Diarrhoea with No Signs of Dehydration
Plan A

. Continue feeding.

. Give extra fluids.

. Tell when to return.

. Give zinc supplements (20 mg for >6 months of age; 10 mg for 2-6 months of
age — once a day for 14 days).

AW N =

Home available fluids like buttermilk, tender coconut water, plain water, lemon
water or milk can be given. If child is exclusively breast-fed, give ORS and boiled
and cooled water in addition to breast milk.

Additional ORS should be given after each loose stool (<2 years: 50—100 ml and
>2 years: 100-200 ml).

Diarrhoea with Some Dehydration
Plan B

A child with some dehydration has a fluid deficit of 5-10 %. Treat this by giving oral
rehydration solution 75 ml/Kg over 4 h. Give frequent small sips from a cup. If the
child vomits, stop giving ORS for about 10 min. Then restart and give small quantity
more slowly. If the child is breast-fed, continue to breast feed. After 4 h, child is
reassessed for the degree of dehydration and treated accordingly. Child is started on
feeds. Ongoing losses should be replaced by ORS 10 ml/kg per loose stool.

Diarrhoea with Severe Dehydration
Plan C

This represents >10 % fluid deficit. Child needs 100 ml/kg fluids. This is given
intravenously as Ringer’s lactate (preferred) or normal saline.
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For children

<1 year — 30 ml/kg in 1 h' and 70 ml/kg in 5 h.
>1 year — 30 ml/kg in half an hour' and 70 ml/kg in two and a half hours.

Reassess the child every 30 min—1 h. After giving 100 ml/kg fluid, the degree of
dehydration is reassessed and treated accordingly. Once the child’s sensorium
improves, she can take ORS (about 5 ml/kg/h), and breast milk can be started.
Ongoing losses should be replaced.

If there are no facilities to start IV in a peripheral centre or if IV access is diffi-
cult, a nasogastric tube is introduced, and ORS is given at the rate of 20 ml/kg/h for
6 h and child is referred to a higher centre.

Hypovolemic shock: Shock treatment starts with opening the airway if child is in pain or
unresponsive state and administering 100 % oxygen using a non-rebreathing mask.
IV access is quickly established with a wide bore needle. If access is not obtained
within three attempts or 90 s, an intra-osseous (IO) access should be obtained.

Compensated shock: The first bolus of 20 ml/kg of normal saline or Ringer’s lactate
is given over 20 min.

Hypotensive shock: The first bolus is given as fast as possible by a push-pull method
using a three-way stopcock.

The child is reassessed. If shock persists, further 20 ml/kg fluid boluses are
given. Most children will respond to two or three fluid boluses. Up to 80—100 ml/kg
of fluids can be safely given in hypovolemic shock in the first 1-2 h. These patients
tolerate fluids well and rarely need inotropes or intubation.

Capillary blood glucose estimation should be done. If there is hypoglycaemia,
5 ml/kg of 10 % dextrose should be administered to treat it. A maintenance fluid
containing dextrose should be started separately.

Suspect Septic Shock in a Child with Diarrhoea

 If child does not respond to fluid boluses.

* Develops respiratory distress during fluid therapy.

 If there are no clinical signs of dehydration but child has signs of shock.

 If child has wide pulse pressure (warm shock). Hypovolemic shock is character-
ized by narrow pulse pressure (cold shock).

If sepsis is suspected, child may need inotropes and antibiotics in addition to
fluid therapy.
Antibiotics are not routinely indicated for diarrhoea. They are indicated only in:

1. Cholera (a single dose of doxycycline is recommended- 2—4 years: 50 mg;
4-5 years: 100 mg)

'Repeat once if radial pulse is very weak or not detectable.
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2. Severe acute malnutrition (SAM)
3. Severe dehydration in young infants <2 months.

Dysentery: Is passing blood in stools. It may be associated with mucus, tenesmus
and fever. Patients may have anorexia and lose weight rapidly. Though dysentery is
less common than watery diarrhoea, it causes more morbidity and mortality. About
10 % of all diarrhoeal episodes in children under 5 years old are dysentery, but these
cause 15 % of all diarrhoeal deaths [7]. Severe dysentery occurs in malnourished
children, non-breast-fed babies and those who had measles in the preceding month.
It is quite often due to bacterial infections. Shigella, E. coli and Campylobacter
Jjejuni are the organisms which commonly cause dysentery. Clostridium difficile can
cause pseudomembranous colitis. Shigella infection can present with high fever,
febrile convulsions, encephalopathy and septic shock. Amoebic dysentery is uncom-
mon in young children.

Differential Diagnosis for Dysentery

1. Intussusception — These children will develop intestinal obstruction and gan-
grene of the bowel if not identified early.
2. Polyps

Children with dysentery should be admitted:

» If they have signs of dehydration

* If they are <2 months old

¢ SAM children

¢ Those who are toxic and have abdominal distension and tenderness

Treatment for Dysentery

1. Fluids: Fluids/ORS should be given as appropriate for their hydration status.
2. Antibiotics

In the outpatient setting, the first-line drug is oral ciprofloxacin 15 mg/kg two
times daily for 3 days [8]. If there is no improvement in 2 days, oral cefixime is
given for 5 days [9].

In hospitalized children, IV/IM ceftriaxone 100 mg/kg once daily for 5 days
is given [9].
Continue feeding.
4. Give zinc supplementation.

(O8]
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Approach to gastroenteritis

| Acute gastroenteritis |

I

157

Diarrhea |

| No dehydration | |Some dehydration| |

Severe dehydration |

Plan A

Continue breast feeds,
give extra fluids, and
tell when to come,
Zinc supplementation

Plan B

ORS 75ml/kg in 4 hours
Reassess hydration and
treat accordingly.
Continue breast feeds

Plan C

IV fluids 100mI/kgNS/RL
<1 year-30ml/kg in 1 hour
70ml/kg in 5 hrs.

>1 year-30ml/kg in 30

min and rest in 2 1/2hours.

R hydration and

Section B: Gastrointestinal Bleed

Key Points

treat accordingly

Dysentery

Correct dehydration
Antibiotics-
ciprofloxacin/cefixime
Continue feeding
Zinc supplementation

» UGIB presents as haematemesis or melaena.
» LGIB presents as haematochezia.
» Care of airway, breathing and circulation is the priority in haemodynami-

cally unstable children.
 Identification as variceal or non-variceal bleeding is important as treatment

is different.

Introduction

Gastrointestinal bleeding (GIB) is a common medical emergency. It is classified as
upper gastrointestinal bleeding (UGIB) and lower gastrointestinal bleeding (LGIB)
based on whether the bleeding is originating above or below the Treitz ligament.
UGIB presents as haematemesis (bright red/coffee coloured) or melaena (dark
red/black/tarry stool with offensive odour). The LGIB presents as haematochezia
(bright red blood per rectum) or sometimes as maroon-coloured stool. “Red currant
jelly” stool is seen in intussusception and Meckel’s diverticulum. All red-/black-
coloured stools are not due to bleeds. Ingestion of beet root, tomatoes and food
colouring agents can result in red stool. Black stool can be a result of ingestion of
iron, blue berries, charcoal, bismuth salts and lithium. Hence, a stool test for occult
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Table 8.3 Causes of gastrointestinal bleed

Upper
GIB

Lower
GIB

Infants
Swallowed maternal blood
Late haemorrhagic disease of the newborn

Sepsis with disseminated intra vascular
coagulation (DIC)

Stress bleed

Gastritis and gastric ulcer
Oesophagitis

Bleeding diathesis

Drug induced

Intussusception

Meckel’s diverticulum
Cow’s milk protein allergy
Infectious colitis
Hirschsprung’s colitis
Necrotising enterocolitis
Bleeding diathesis
Vascular malformation
Anal fissure

Shanthi Sangareddi

Children

Gastritis and gastric ulcer
Dengue

Sepsis with DIC

Stress bleed

Fulminant hepatic failure
Cirrhosis with portal hypertension
Extrahepatic portal vein obstruction
Mallory-Weiss syndrome

Drug induced

Infectious colitis

Polyps

Anal fissure

Inflammatory bowel disorder
Meckel’s diverticulum
Henoch-Schonlein purpura
Bleeding diathesis

Vascular malformation
Haemorrhoids

blood is indicated to confirm blood in stool. Young infants can swallow maternal
blood or blood from nasopharyngeal trauma or epistaxis leading to a positive guaiac
test in stool. History will help differentiate these causes.

The causes of gastrointestinal bleed vary with age and are depicted in Table 8.3.

An Approach to GIB

Ask these questions:

(A) Is the child haemodynamically stable?
(B) What is the type of bleeding — UGIB or LGIB?
(C) What is the aetiology of bleeding and the possible site of bleeding?

Is the Child Haemodynamically Stable? If No, Start
Resuscitation

» First assess the physiologic status of the patient by doing a cardiopulmonary
cerebral assessment. Irrespective of the aetiology, if the physiologic status is
abnormal as evident by shock, intervene.
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» Position the airway of the child and administer 100 % oxygen using a non-
rebreathing mask. Intubation may be needed if child is hypoventilating or to
protect the airway in a child with Glasgow coma scale <8.

e Get intravascular access with a wide bore needle and take blood for investiga-
tions, group and crossmatch. Two lines are needed.

* Give 20 ml/kg of NS or RL over 20 min for compensated shock and by ‘push and
pull’ method for hypotensive shock till the BP improves. Reassess and repeat
fluid boluses. If there is no improvement with 40-60 ml/kg, 10 ml/kg of packed
RBCS should be given. In exsanguinating bleed, fresh whole blood may be
given. Fresh frozen plasma (FFP) should be administered in patients who have
received more than 1.5 times circulating blood volume, even if there is no bleed-
ing [10]. Platelet transfusion may be required in an actively bleeding child if
platelet count is <50,000 [11]. Warming the blood prior to transfusion will help
prevent hypothermia.

* A nasogastric tube is introduced. This helps to identify the type of bleeding,
ongoing bleeding, to empty the stomach and to facilitate endoscopy if needed.

* Intravenous erythromycin is administered before EGD at a dose of 5 mg/kg in
children to help to empty the stomach contents [12]. Erythromycin is useful in
bleeding ulcer and in bleeding associated with portal hypertension [13, 14].

¢ Child should be kept nil by mouth.

* A Foley catheter is introduced to monitor urine output.

Determine the Type of Bleeding: Upper GIB or Lower GIB?

* UGIB presents as haematemesis or melaena, rarely as haematochezia if bleeding
is massive.

* A bloody nasogastric aspirate or coffee-coloured blood confirms upper GIB [15].
However, a non-bloody aspirate may be seen in 25 % of UGIB.

* Blood urea nitrogen (BUN) may be increased in UGIB as blood proteins are
broken down to urea by intestinal bacteria and is absorbed. A highly elevated
BUN: Creatinine may indicate UGIB but not specific as it may also reflect prer-
enal azotaemia secondary to volume depletion.

Find Out the Aetiology and Possible Site of Bleeding

A thorough history and clinical examination will help arrive at the possible cause of
bleeding. Investigations are needed to confirm the site of bleeding. Table 8.4 lists
the history and the possible aetiology.

Sexual abuse may present with rectal bleed. It should be considered if unusual
features in the history or examination are present.
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Table 8.4 History and possible aetiology

History Possible aetiology

Retching Mallory-Weiss

Abdominal pain Peptic ulcer, gastritis, Henoch-Schonlein
purpura, infectious colitis, dengue

Jaundice Decompensated liver disease

Epistaxis Swallowed blood

Drug intake (aspirin, NSAIDS, steroids, Peptic ulcer, gastritis

anticoagulants)

Fever Infectious colitis, dengue,

Umbilical sepsis or catheterization in the Extrahepatic portal venous obstruction

newborn period (EHPO)

Volume of bleeding, dizziness, fatigue, syncope | Severity of bleed

Any other bleeding tendency like purpura, Thrombocytopenia, DIC
petechiae, bleeding from venipuncture sites

Bleeding following injections, minor trauma, Bleeding diathesis
shedding of teeth, spontaneous bleeds

Past history Peptic ulcer, liver disease, gastro-
oesophageal reflux disease, EHPO

Family history Bleeding diathesis, hereditary haemorrhagic
telangiectasia

Clinical Examination

Table 8.5 shows the important clinical signs that should be looked for in a child with
GI bleeding.

Rectal examination is mandatory in all patients. It helps to diagnose polyps,
intussusception and any mass. Inspect the perianal area for fissures, fistulas, skin
breakdown or evidence of trauma. Inspection of the vomitus and stool is important.
If vomitus is coffee coloured, active bleed is unlikely. It often indicates that the
patient has had a recent bleeding. If the stool is red or maroon or melaena, it usually
indicates active bleeding.

Investigations

The following investigations are useful to arrive at a diagnosis and for management
of these patients.

Complete blood count may show leucocytosis as a stress response; haematocrit
is usually normal soon after a bleed. A fall is seen only after 48—72 h. Stool micros-
copy will show pus cells in colitis. Stool culture may be indicated in infectious
colitis. A guaiac test in stool or vomitus should be done to confirm bleed. Blood
urea nitrogen (BUN) and creatinine, liver function tests, prothrombin time, partial
thromboplastin time, fibrinogen, D-dimer, electrolytes, blood grouping and typing
are helpful in management.



8 Gastrointestinal Emergencies 161

Table 8.5 Clinical signs in a child with GI bleed

Vitals, cardiopulmonary cerebral assessment

Orthostatic hypotension — a fall in systolic BP>20 mm of Hg or of diastolic BP>10 mmHg on
standing

Signs of shock

Anaemia, pallor

Clubbing-inflammatory bowel disorders

Jaundice, palmar erythema, asterixis, foetor hepaticus

Purpura, petechiae, gum bleeds

Nasopharyngeal and oropharyngeal examination

Pigmentation of the lips, Peutz-Jeghers syndrome

Telangiectasia of the skin, mucus membranes and lip (Osler-Weber-Rendu disease)

Splenomegaly — portal hypertension, may be absent in a child with EHPO when there is active
bleeding

Hepatosplenomegaly, prominent veins over the abdomen, ascites, caput medusae — cirrhosis
with portal hypertension

Epigastric tenderness-gastritis, peptic ulcer
Abdominal mass, intussusception
Foci of sepsis

Imaging Studies

Chest x-ray may show right-sided pleural effusion in dengue. Plain abdominal
x-ray can reveal pneumatosis intestinalis and portal air in necrotising
enterocolitis.

Barium contrast studies (barium swallows, upper GI series, small bowel follow-
throughs or barium enemas) may detect oesophagitis, IBD or polyps. They are con-
traindicated if perforation is suspected.

Ultrasonogram of the abdomen can identify ascites and target sign in
intussusception.

Endoscopy

1. Oesophagogastroduodenoscopy (OGD) is the investigation of choice for
UGIB. OGD can detect the source of bleeding in 90 % of the children if done
within 24 h [12]. However endoscopy may have to be done as an emergency
procedure soon after resuscitation if bleeding cannot be arrested by other
measures.

2. Colonoscopy is useful in LGIB. It can detect polyps, ulcerative colitis and diver-
ticulum. A good bowel preparation with polyethylene glycol lavage solution by
mouth or nasogastric tube is essential.

3. Push enteroscopy and double-balloon enteroscopy are useful if bleeding cannot
be identified by EGD.
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Special studies for LGIB include contrast CT scan of the abdomen, radiolabeled
red cell scan (can detect bleeding as low as 0.1 ml/min), Meckel’s scan, arteriogra-
phy (can only detect bleeding >0.5 ml/min) and capsule endoscopy.

Explorative laparotomy/laparoscopy may be needed in severe cases.

Management

Stabilization of airway, breathing and circulation is the priority as mentioned
earlier.

Non-variceal Bleeding

Stop the offending drugs.

Proton pump inhibitors (PPI) are the drugs of choice for non-variceal
GIB. Loading dose of 2 mg/kg IV followed by 0.2 mg/kg/h for 72 h [16]. H2 recep-
tor antagonists such as IV ranitidine 1 mg/kg/dose q6h can also be used [17].
Patients with ulcer bleeding should not be treated with H, receptor antagonists [12].
Antacids are given at the dose of 1 ml/kg/dose q2—4 h. Sucralfate has been found to
be useful in preventing stress bleeds. It forms a protective coat on the gastric mucosa.
The dose is 1 g/1.73 m? given orally [17]. It is not given during acute bleeding.

Treatment of the cause is important. Helicobacter pylori infection should be sus-
pected in patients who have GIB of unknown aetiology and should be treated with
triple drugs twice a day for 1-2 weeks. A combination of PPI with amoxicillin and
metronidazole or clarithromycin is given. Vitamin K is administered if there is
coagulopathy and in late haemorrhagic disease of the newborn. It arrests bleeding
within 2 h in the latter disease. DIC may need transfusion of blood products like
cryoprecipitate, fresh frozen plasma and packed RBC.

If peptic ulcer bleeding does not resolve with medical management endoscopic
electrocautery, injection of epinephrine, embolization of blood vessels, fibrin seal-
ants and endoclips or surgery may be needed. Biopsy is taken, if warranted.

Variceal Bleeding

Resuscitation is done as mentioned above. In variceal bleeding, too aggressive vol-
ume expansion can result in a rebleeding [18]. A restricted transfusion strategy
(transfusion when the haemoglobin level below 7 g per deciliter) is recommended
for acute UGIB [19].



8 Gastrointestinal Emergencies 163
Medical Management

Octreotide-a somatostatin analogue acts by splanchnic vasoconstriction. The dose is
1-2 pg/kg IV bolus followed by 1-2 pg/kg/h as infusion [20]. The efficacy of
octreotide was equivalent to terlipressin [21]. Vasopressin IV 0.01 U/kg/min has
also been used. However, side effects like ischaemia to the bowel, heart and kidneys
limit its use.

Antibiotic prophylaxis with third-generation cephalosporin or with fluoroqui-
nolone for 5-7 days should be given to any cirrhotic patient with GI bleeding. It
decreases mortality and the probability of rebleeding [12]. In children, PPI therapy
should probably be initiated in case of oesophageal/gastric varices rupture [12] as
gastritis is frequently associated with portal hypertension [22]. Fresh frozen
plasma or factor VIla is probably not indicated in GI bleeding in patients with cir-
rhosis [12].

Balloon tamponade is tried if emergency endoscopy is not possible. The
Sengstaken-Blakemore tube has three ports. It is introduced into the stomach, and
the gastric balloon is inflated. The tube is then withdrawn till there is resistance
which indicates that the tube is in the gastro-oesophageal junction. The oesophageal
balloon is then inflated. The position of the balloon should be checked radiographi-
cally. Traction (using a 0.5 kg weight or a 500 mL plastic bag of IV fluid) is main-
tained via a pulley system above the patient’s head. For small children, a large adult
size Foley catheter 12 FG (with a 30 cc balloon) may be used [23]. It may be safer
to intubate the children prior to balloon tamponade.

Self-expandable metal stents (SEMS) are used as an alternative to balloon tam-
ponade. It is inserted over an endoscopic placed guide wire using a stent delivery
device [24].

Endoscopy: Intubate patients with massive bleeding and/low GCS prior to endos-
copy. Variceal band ligation (VBL) is superior to endoscopic sclerotherapy (EST).
Injection of cyanoacrylate glue is used for gastric varices.

Trans jugular intra hepatic portosystemic shunt (TIPS) by an interventional radi-
ologist is another option. An intrahepatic metallic stent is placed between the intra-
hepatic portions of the portal vein and the hepatic vein, creating a nonselective
portocaval shunt.

Shunt surgery or gastric transection is the final option if other measures fail.

Primary Prophylaxis and Secondary Prophylaxis
for Variceal Bleed

Propranolol, VBL and EST are useful in that order.
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Lower Gastrointestinal Bleeding

Most bleeds stop spontaneously. If low or intermittent bleed, do an urgent colonos-
copy preferably within 8 h of presentation. Approximately 10 % of cases of massive
haematochezia are related to UGIB, justifying EGD before colonoscopy [25]. An
emergency scintigraphy to search for a Meckel’s diverticulum and/or a surgical
exploration should be undertaken if GI endoscopic findings are normal or haemody-
namic consequences persist.

Colonoscopic treatment includes injection therapy (epinephrine or saline), elec-
trocoagulation, haemoclips and band ligation. Polyps are resected using sigmoidos-
copy. Surgery is needed for Meckel’s diverticulum. Infective colitis is treated with
appropriate antibiotics. HUS may need supportive therapy and renal replacement
therapy. Inflammatory bowel disorders are treated with steroids. Vascular malfor-
mations may need arterial embolization.

Gastrointestinal Bleed

| Haemodynamically stable |

l

Approach to gastrointestinal bleed

Hematemesis, melena, Resuscitation
coffee — ground = Support airway and breathing
nasogastric aspirate = Connect to cardio pulmonary monitor

= Correct shock — 20ml/Kg/bolus x 2

= pRBC 10ml/kg if shock not corrected
= Nasogastric lavage

= Labs

= Cultures

Haematochezia |

Upper gastrointestinal -
bleeding 4' Stable and no further bleeding

' '

Variceal Non-variceal
bleeding bleeding

| Lower Gastrointestinal bleeding | Emergency Esophago
| | gastro dudenoscopy for

diagnosis and treatment

= Octreotide/ = Proton pump Painful bleeding

Terlipressin/ inhibitor \—'_l

Vasopressin = H, Blocker
= Sengstaken tube = Antacid
= Endoscopic = Sucralfate Yes “

sclerotherapy = Vitamin K
= Endoscopic variceal . -

ligation ior?:eded = Anal f|§surel ) = Polyps o
- *TIPS = Bacterial colitis , = Meckels diverticulum

= Imflammatory bowel disease = Vascular malformation

= Shunt surgery

[ [
= Colonoscopy
= Radioisotope scintigraphy

* Transjugular Intrahepatic Portosystemic Shunt —| Treat the cause
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Chapter 9
Haematology and Oncology: Common ED
Presentations

Dwynwen M. Roberts and N. Udayakumar

Key Points

* A new diagnosis of a previously undiagnosed haematological or oncologi-
cal condition may occur in the ED.

* Emergency physicians need to possess basic understanding of common
haemato-oncological conditions that could present to the ED in order to
apply a systematic approach in managing them.

Haematology

Introduction

Children with haematological conditions are very likely to present to the emergency
department (ED). Presentation either can at first be an innocuous sign or symptom
but after full blood count could reveal serious diagnosis or as a consequence of
underlying haematological condition like sickle cell disease.
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The Bleeding or Bruising Child

Bleeding or bruising excessively is a relatively common presentation. In many chil-
dren, no pathological cause is found. On occasion it may imply serious underlying
illness. Symptoms vary from a non-blanching rash due to petechiae or purpura, bruis-
ing without an obvious cause, mucous membrane bleeds or excessive bleeding follow-
ing minor procedures like dental extraction to more significant symptoms such as joint
or limb pain and swelling from haemarthrosis or muscle haematomas, respectively.

Clinical Features and Assessment

History

Careful history taking is very important, particularly the duration of bleeding or
bruising. History of months or years suggests a congenital or inherited condition
whereas shorter history of days is more likely to be an acquired condition.
Constitutional symptoms such as lethargy, anorexia or weight loss may point to
bone marrow failure [1]. A history of preceding infection could point towards acute
leukaemia or immune thrombocytopenia. Presence of abdominal pain could suggest
Henoch-Schonlein purpura [1].

Family History

An inherited disorder such as clotting abnormalities is familial [2].

Medication

Prescribed (or otherwise) medications may lead to excessive bleeding or aplastic
anaemia like valproic acid [1].

Examination

¢ In general examination, look for common sites of infection such as chest, ear,
nose and throat. Document the site, number and severity of any bruises or pete-
chiae. Look for bleeds particularly gingival membrane.

¢ Examine the abdomen for organomegaly.

¢ Examine for lymphadenopathy.
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Investigations

All children will need a full blood count and a coagulation profile [1]. Other inves-
tigations will be based on the clinical condition of the child, the suspected differ-
ential diagnosis and following the result of the initial blood count and coagulation
screen.

Non-blanching Rash

Due to national campaigns on the dangers of meningitis and meningococcal sepsis
promoting the ‘tumbler test’, many children will present to the ED with a non-
blanching rash.

A non-blanching rash is defined as a rash which does not fade on pressure. The
rash may consist of petechiae (spots <3 mm diameter) or purpura (spots >3 mm
diameter). Although some will have severe illness, most will have a benign cause.
However, it is important to be proactive in assessing these children so as not to miss
a serious underlying clinical condition.

Prompt assessment should be done. If signs of septicaemia, shock or meningitis
are present, the child should be treated for meningococcal disease, and treatment
should involve senior clinicians.

If in doubt, TREAT! If not, then the differential diagnosis for non-blanching rash
should be considered (Table 9.1). A full history and examination should be
undertaken.

Immune Thrombocytopenia

It is a common presentation in childhood. A platelet count of less than 20 x 10%/L is
present with a normal white blood cell count and haemoglobin [1].

Table 9.1 Differential diagnosis for non-blanching rash

Meningococcal or other septicaemia
Viral illness
Immunisation reaction

Mechanical causes such as cough or vomiting — causes petechial spots in the distribution of the
superior vena cava

Direct pressure or trauma

Henoch-Schonlein purpura

Haemato-oncological causes of non-blanching rash such as idiopathic/immune
thrombocytopenia and acute leukaemia

Treatment for non-blanching rash is directed towards the underlying condition
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Pathogenesis

Autoantibodies to platelets are formed causing destruction and their removal from
the circulation [1].

Clinical Features

It is characterised by sudden onset of petechiae or purpuric spots or bruising. The
rash is often noticed on the legs, but can be widespread. It is often preceded by a
viral illness [1]. Rarely, a child will present with severe bleeding or intracranial
haemorrhage.

Investigations

A full blood count will show isolated thrombocytopenia [3]. Clotting screen is nor-
mal. Blood film may show giant platelets.

Treatment

Treatment is often reassurance with supportive treatment for any underlying/ongoing
viral illness [1]. Repeat the full blood count within a few days to ensure no new
features.

Prognosis

Virtually, all will resolve within a few weeks. Before discharge, parental advice
should be provided to keep a watchful eye on their child to prevent injuries (particu-
larly head injuries) from sporting or leisure activities.

Acute Leukaemia

One of the most common forms of cancer in children is acute leukaemia and
accounts for approximately 30 % of childhood cancers [4], often diagnosed in the
ED whilst the child is being assessed for unexplained bruising or bleeding or a non-
blanching rash. Acute lymphoblastic leukaemia is the commonest (five times more
common than acute myeloid leukaemia) [4].
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Acute Lymphoblastic Leukaemia

The commonest childhood leukaemia which has now a survival rate of >85 % [1, 4].

Pathogenesis

Most occur spontaneously. Immunoglobulin and T-cell receptor gene rearrange-
ment in lymphoid precursor cells [1].

Clinical Findings

Most symptoms are non-specific such as fever and fatigue. There may be bruising,
non-blanching/purpuric rash or bleeding [1, 4]. Lymphadenopathy may be present.
Bone pain is common. Other symptoms include headache or painless testicular
enlargement. Other rare symptoms are confusion due to leukostasis from an
extremely elevated white blood cell count or visual disturbance due to retinal infil-
tration or haemorrhage [1, 4].

Investigations

A full blood count should be done. If this is abnormal, a blood film will be done. On
the blood film, lymphoblasts are present and a normal or depressed white blood cell
count. Most will be anaemic and thrombocytopenic.

Differential Diagnosis

1. Other leukaemias
2. Aplastic anaemia
3. Non-Hodgkin’s lymphoma

Treatment

The local paediatric oncology centre should be contacted immediately to discuss
further investigation and management. Treatment is based on multidrug chemo-
therapy using drugs such as steroids, methotrexate, vincristine, cyclophosphamide
and cytarabine, initially 6—12 months of intensive blocks of chemotherapy followed
by 1-2 years of low-intensity maintenance. Most children are treated according to
national treatment protocols [1].
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Acute Myeloid Leukaemia (AML)

Serious form of childhood leukaemia.

Pathogenesis

The cause is unknown. However, there may be environmental or hereditary factors
associated with the development of AML. There is abnormal proliferation of
myeloid precursor cells.

Clinical Findings

Presenting signs and symptoms are very similar to ALL.

Investigations

The full blood count will show an extremely elevated white blood cell count, which
may be in excess of 200x 10°/L.

Treatment

Immediate referral to the local paediatric oncology centre is recommended. There is
a risk of leukostasis with extremely high white blood cell count which is treated by
commencing anti-leukaemic treatment as soon as possible. Patients may need plate-
let transfusion to avoid cerebral haemorrhage.

Chemotherapy is commenced as soon as possible and as intensively as possible.
Haemopoietic stem cell transplant may be used in some patients. Survival has much
improved, but still lags behind ALL.

Benign Haematological Conditions

Children will also present to the ED with consequences of their underlying haema-
tological condition such as certain haemoglobinopathies or with a new discrete hae-
matological illness such as venous thromboembolic disease which is a rare but
important condition.
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Sickle Cell Disease

One of the most commonly encountered haemoglobinopathies particularly in the UK
and other parts of the world with significant African population is sickle cell disease
(SCD) which is a genetic illness with structural abnormality of haemoglobin.

Pathogenesis

A haemoglobin variant — haemoglobin S (HbS) — is produced. This is due to substi-
tution of valine for glutamic acid as the sixth amino acid in the beta globin chain of
haemoglobin [5].

In SCD the HbS gene is inherited from both parents, and the child therefore
exhibits symptoms and signs of the disease [1]. In sickle cell trait, child inherits
HbS from one parent and HBA from other parent and is a carrier [1].

Clinical Findings

Children will present to the ED with symptoms related to complications of their illness.
Red cells containing HbS deform or sickle when deoxygenated, causing vaso-occlusive
crisis [1]. Episodes of acute pain localised in bone or soft tissue are the most common
type of vaso-occlusive crisis. Such crises are often precipitated by an intercurrent ill-
ness, dehydration or exposure to cold [1, 5]. Occasionally, they can present with chest
crisis due to pulmonary sickling (acute chest syndrome) often characterised by chest
pain, respiratory distress and hypoxaemia [1, 5]. Examination of these children should
look at precipitating factors like infections. Chest x-ray will show new infiltrates.

If a sickle cell patient presents with collapse and hypotension, consider splenic
sequestration. Whilst rare, patients do present to the ED with this condition, which
usually occurs in early childhood. Children are profoundly anaemic [1]. There is
massive splenic enlargement.

Other complications that may occur in a child with SCD are stroke, mesenteric
infarction and priapism [5].

Treatment

Provide immediate pain relief (Table 9.2). Oral analgesia such as paracetamol and
NSAIDS is used regularly. However, patients will need adequate doses of intrave-
nous opioids such as morphine. This is often administered via patient-controlled
devices. Many emergency departments will have patient-specific guidelines for pain
relief as well as access to acute pain services.



174 D.M. Roberts and N. Udayakumar

Table 9.2 Analgesia guideline

Mild pain Paracetamol 20 mg/ | Ibuprofen <3 months 5 mg/

kg 4-6 hourly kg 8 hourly
Moderate Paracetamol and Dihydrocodeine <4 years Oral morphine
pain ibuprofen as above | 0.5 mg/kg >4 years 1 mg/ 1-12 months 0.1-0.2 mg/
kg kg >1 year 0.2-0.4 mg/kg
Severe pain | Rx as for mild and | Intranasal fentanyl as per Intravenous morphine
moderate pain protocol 0.1-0.2 mg/kg

Patients will need to be adequately hydrated and oral fluids be encouraged.
However, if this is not possible, then intravenous fluids will be required. Antibiotics
should be considered if there is fever and/or signs of infection. Oxygen if there are
respiratory symptoms or low saturations. The haemoglobin concentration may drop
by 1-2 g/dL during a crisis. However, top-up transfusions are rarely required [1].

Treatment of acute chest syndrome is aimed as relieving pain. However, antibiot-
ics are usually required. On occasion, exchange transfusion is preformed to reduce
the percentage of sickling HbS in the blood.

These patients are often seriously unwell and support from haematologist and
PICU team will be required [1, 5].

Blood transfusion will be required and is life-saving in splenic sequestration.

Principles of treatment are the same in a child with stroke, mesenteric infarction
and priapism, i.e. pain relief, treatment of precipitating factors, adequate fluids, expert
help from haematologists and in severe and serious cases exchange transfusion.

Prognosis

Symptoms usually settle over a few days and discharge can be planned once pain is
controlled with simple analgesia.

Many patients live with an element of pain and therefore recognise their symp-
toms well and can often manage their pain control at home.

Venous Thrombosis and Thromboembolism

Now, children are increasingly presenting to the ED with signs and symptoms of VTE,
and hence, emergency physicians should be familiar with this condition. It occurs
often as a consequence of improved treatment of conditions that previously had a poor
outcome [1]. Occasionally, completely well children can present with VTE.

One of the commonest risk factors is an indwelling central venous access device
used in the treatment of malignancies. Other risk factors include systemic lupus
erythematosus, sickle cell disease, malignancy, trauma, oral contraceptive pill use,
infection and thrombophilia. Idiopathic thrombosis is rare in children.
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Pathogenesis

Hypercoagulability, endothelial injury and stasis leading to Virchow’s triad are the
processes that lead to VTE [6]. Predisposing factors as described above will pro-
mote this action.

Clinical Findings

Clinical features are often related to the location of the thrombosis/embolism. Hot,
swollen, painful limb (upper or lower) suggests deep venous thrombosis (DVT)
[1, 6]. Pleuritic chest pain, shortness of breath, elevated heart rate, hypoxia and
occasionally haemoptysis will indicate pulmonary embolism (PE) [1, 6]. Headache,
focal neurological signs such as limb weakness and seizures are signs of cavernous
sinus venous thrombosis (CSVT) [1, 6].

Investigations

Aimed at the presumed diagnosis — Doppler ultrasound for DVT, CT pulmonary
angiogram for PE, CT or MRI venogram for CSVT. D-dimer may be useful if nega-
tive. However, this must be used in conjunction with risk-assessment strategies. If
D-dimer is negative, but a high index of clinical suspicion remains, then other inves-
tigations must be done to confirm or exclude the diagnosis of VTE.

Treatment

Symptomatic relief of symptoms — pain relief, oxygen if hypoxic, control of sei-
zures. Remove central venous access devices once other venous access is obtained
(1, 6].

Anticoagulation Therapy

Low molecular weight heparin is preferred as parents can be taught to administer.
Warfarin is difficult to use in children due to variable dosages with age and weight.
Duration of treatment varies from 6 weeks to 3 months, but local guidelines/haema-
tologist should be consulted. In life-threatening VTE such as PE, thrombolysis
treatment can be considered and may be life-saving.
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Prognosis

Most patients will recover without any complication. A small proportion will go on
to develop pro-thrombotic syndrome which is a chronic complication of VTE caus-
ing symptoms that vary from mild oedema of the limb to chronic pain and ulceration
due to chronic venous insufficiency [6]. Recurrence is rare.

Prophylaxis

Is used in some clinical settings like underlying malignancy or known thrombo-
philia who are at high risk [1]. Low molecular heparin such as tinzaparin subcutane-
ously at a dose of 50 unit/kg daily is recommended.

Oncological Emergencies

Introduction

Children will present to the ED with complications of treatment of their malig-
nancy. Most hospitals will have local treatment guidelines for these conditions.
Emergency physicians should be familiar with the commonest cancer-related
emergencies.

Oncological emergencies can be defined as acute conditions that are caused by
cancer or its treatment, which require rapid intervention to avoid subsequent mortal-
ity and morbidity. Table 9.3 provides a summary of the different oncological emer-
gencies that can present to an emergency department.

Tumour Lysis Syndrome

One of the most serious and potentially life-threatening oncological emergencies in
children is tumour lysis syndrome (TLS). It causes metabolic derangements due to
rapid cancer cell necrosis [1]. It mainly occurs in haematological cancers but can
also happen in solid tumours.

Pathogenesis

Very large amounts of intracellular contents are released into the bloodstream. This
leads to hyperkalaemia, hyperuricaemia and hyperphosphataemia with secondary hypo-
calcaemia [7]. Eventually, this will cause urate nephropathy and acute renal failure.
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Table 9.3 Summary of oncological emergencies

Emergency
Metabolic

Tumour lysis
syndrome

Haematologic
Febrile neutropenia

Hyperviscosity
syndrome

Structural

Superior vena cava
syndrome

Associated cancer or cause

Haematologic malignancies;
cancers with rapidly growing
tumours, particularly acute
leukaemias and high-grade
lymphomas

Chemotherapy-associated
bacterial or fungal infections

Waldenstrom’s
macroglobulinaemia, multiple
myeloma, leukaemia

Lung cancer, metastatic
mediastinal tumours, lymphoma,
indwelling venous catheters

Side effects from treatment agents

Diarrhoea
Extravasations

Obstipation

Chemotherapy
Current chemotherapy infusion

Narcotic medications,
chemotherapy (specifically
neurotoxic agents)

Adapted with permission [10]

Signs and symptoms

Azotaemia, acidosis,
hyperphosphataemia, hyperkalaemia,
acute renal failure, hypocalcaemia

Temperature greater than 101 °F
(38.3 °C), absolute neutrophil count
less than 500 per mm? (0.5 x 10° per
L)

Spontaneous bleeding, ‘sausage-like’
haemorrhagic retinal veins,
neurologic defects, serum viscosity
levels greater than 5 cP

Cough; dyspnoea; dysphagia; head,
neck or upper extremity swelling or
discoloration; development of
collateral venous circulation

Dehydration, poor skin turgor, dry
mucous membranes, weight loss
Pain and erythema at infusion site,
swelling, necrosis, contractures
Abdominal pain, constipation, hard
stools every 3-5 days

TLS may occur due to the treatment of the malignancy such as cytotoxic therapy

or radiotherapy. It can also occur following the administration of steroids for another
reason or spontaneously such as after surgery. Other predisposing factors are
decreased urine output, dehydration or pre-existing renal failure [1, 7]. Children
with certain malignancies, e.g. acute lymphoblastic leukaemia and B- and T-cell
non-Hodgkin’s lymphoma, are more at risk of developing TLS than others.

Clinical Features

Symptoms associated with the severe metabolic derangement usually occur within
5 days of starting chemotherapy. Symptoms maybe non-specific such as GI upset
and lethargy or those that may more directly be attributable to the metabolic abnor-
malities such as cardiac arrhythmias and failure, muscle cramps, tetany and seizures
[1,7,9].



178 D.M. Roberts and N. Udayakumar
Diagnosis

There is no specific criterion to define TLS. However, it is recognised to be the meta-
bolic consequences of the treatment of certain malignancies. Not all the biochemical
components are initially present, and early treatment will prevent progression to
full-blown TLS [8]. Patients who develop TLS will begin to show biochemical
abnormalities within 4—6 h of starting appropriate treatment for the malignancy.

Investigations

Renal function, bone profile, uric acid, ECG

Treatment

Hyperhydration: isotonic saline up to 3 1/m%day and can be increased up to 4 I/m*day
if no signs of fluid overload. Caution with hyperhydration in children with very low Hb
and high WBC count as they are at a risk of haemodilution and dropping Hb further.

Allopurinol (100 mg/™ PO 8 hourly) or urate oxidase (rasburicase, 0.2 mg/kg IV
OD) for elevated uric acid could be required [8, 9].

Monitor trend of electrolytes regularly. Treat potassium, if over 5.5 mmol/l, with
standard hyperkalaemia treatment.

Haemofiltration may be required. It is important that these patients are discussed
with their oncology centre early.

Superior Vena Cava Obstruction (SVCO)

SVCO is defined as a clinical picture of compression or complete obstruction
of the superior vena cava by a mediastinal mass. It is a haemato-oncological
emergency [1].

Causes

Anterior mediastinal mass secondary to lymphoblastic lymphoma or non-Hodgkin’s
lymphoma is the commonest cause.
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Clinical Findings

The clinical presentation does not reflect the degree of obstruction. Patients may
present with respiratory, neurological or cardiovascular symptoms or signs.
Respiratory symptoms include chest pain, cough, shortness of breath, inability to lie
flat and stridor. Clinically, the patient may be tachypnoeic, cyanotic, wheezy and
hypoxic and have diminished breath sounds on auscultation. Cardiovascular system
examination may show facial oedema, distended veins over the neck and chest as
well as hypertension.

There could be neurological symptoms such as headache and dizziness.
Occasionally, they may appear confused or anxious, due to raised intracranial pres-
sure or cerebral oedema which will be manifested by papilloedema. The child may
also experience seizures or syncope [1]. Airway obstruction may occur in up to
60 % of patients.

Management

1. Avoid distressing the child, i.e. intravenous access and obtaining blood for diag-
nostic tests must be done with as little fuss as possible [9].

2. Avoid general anaesthesia or sedation as much as possible and closely monitor
the vital signs [9].

3. Avoid inappropriate or unnecessary investigations. These may worsen respira-
tory compromise and ultimately lead to clinical deterioration and cardiorespira-
tory arrest [1].

A chest x-ray will be required to identify the size of the mass and associated
pleural effusion which needs to be drained.

Immediate review is needed by a senior anaesthetist due to the high risk of air-
way compromise [8]. If intubation is required for life-threatening obstruction, then
an ENT surgeon must be present along with equipment to manage difficult and
surgical airway [8]. The patient will need to be transferred to an oncological centre
for further treatment and assessment as soon as possible.

Treatment

Treatment is directed at the underlying cause which may be chemotherapy or radio-
therapy. Steroids should be initially avoided to prevent precipitating TLS unless
advised by the child’s oncologist [1].
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Prognosis

Whilst superior vena cava compression and any accompanying airway obstruction
are potentially life threatening, the underlying causative malignancies have a good
outcome and prognosis [1].

Febrile Neutropenia or Neutropenic Sepsis

It is defined as a temperature of higher or equal to 38 °C (OR), other signs or symp-
toms consistent with clinically significant sepsis, in patients having anticancer treat-
ment who have a neutrophil count of 0.5 x 10%/L or lower. Empirical antibiotics as
guided by local antibiotic policies should be given immediately if febrile neutrope-
nia/sepsis is suspected in all ill patients even if they do not strictly fulfil the defining
criteria of febrile neutropenia.

Presentation

Typically 5-10 days after last chemotherapy when the trough of neutrophil count is
reached [9]. Children who have severe neutropenia may be afebrile [9]. They are
often systemically unwell with warm peripheries and low blood pressure [9].

Management

The patient must be examined systematically looking for signs of infection. This
includes examining central venous access devices for exit or tunnel infection and
the mouth for mucositis. In addition as a minimum, ask about the perineal area
[1, 9]. Infection screen should be carried out (culture blood and indwelling cathe-
ters, chest x-ray and consider other potential sources such as urine or stool based on
history and examination) [8]. Send urgently full blood count, urea and electrolytes,
liver function tests, clotting screen, C-reactive protein and serum lactate.

Treatment

Monitor vital signs closely as the patient may deteriorate quickly. Start immediate
broad-spectrum antibiotics as per local guidelines. Usually, two agents are recom-
mended, such as piptazobactam 90 mg/kg 6 hourly and gentamicin 7 mg/kg once a day
[9]. Fluid resuscitation may need large volumes up to 60—100 ml/kg along with early
inotropic support [9]. Admit to a paediatric intensive care unit is advised, if found to be
in septic shock or severe sepsis. Also discuss the case with the local oncology centre.
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Prognosis

This will be dependent on response to treatment.

TLS Flow Chart 1: Prevention of Tumour Lysis Syndrome
(TLS): Prior to Starting Treatment

LOW RISK for TLS

Normal U &E & Urine output
and WCC <20x10% L

Maintenance (oral OR
intravenous fluids)

Start Allopurinol 100mg/m?/
dose 8 hourly by mouth

Prior to start of treatment, only
need once daily bloods (TLS'&
FBC)

Intermediate risk for
TLS

Normal U& E &Urine Output
and WCC=20 -100x10% L

Consider hyperhydration 0.45%
saline/ 2.5% glucose.
2.5 — 3 Um? day.

Start Allopurinol 100mg/m?/
dose 8 hourly by mouth

Prior to start of treatment, only
need 12 to 24 hourly bloods
(TLS* & FBC)

High risk for TLS
High cell count leukaemia (>100X10% L)

Renal impairment with abnormal U &E

Burkitt’s type lymphoma (BNHL)

Large tumor bulk

Bulky T cell lymphoma (mediastinal mass)
Bulky LPD/ PTLD

Evidence of renal infiltration with tumor

Consider insertion of permacath during first GA

12 to 24 hours prior to

12 to 24 hours prior to

On presentation start following:

starting treatment:

Start hyperhydration 0.45
% saline / 2.5 % glucose
2.5 — 3L/m? day,

Fluids can be f up to 4L/
m?/ day if there is no
evidence of fluid overload.

Ensure urine output
>3ml/kg/hour.

Frusemide PRN.

starting treatment:

If not already started, then
start hyperhydration 2.5 — 3
L/m?/ day,

Fluids can be * up to 4L/m%/
day if there is no evidence of
fluid overload.

Ensure urine output
>3ml/kg/hour.

Frusemide PRN.

*TLS blood = urate, U&E, K, Ca, phos and FBC

Hyperhydration 0.45% saline/2.5% glucose
3L/m?/ day

Fluids can be } up to 4L/m?/ day if there is no
evidence of fluid overload.

Ensure urine output >3ml/kg/hour.
Frusemide™* PRN.

Start IV rasburicase*** 200 microgram/kg/dose
once daily.

If rasburicase is unavailable at POSCU start
allopurinol, then switch to rasburicase on arrival
to PTC.

If TLS bloods normal: repeat 8 hourly with FBC

**Discuss with PTC (patients at risk of leukostasis, dehydration may worsen

leukostasis)

*#*%* Rasburicase can trigger haemolysis in G6PD deficiency.
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Summary of the Emergency Management of Neutropenic Sepsis

Regardless of neutrophil count or temperature, if unwell,
Ask for senior review and start antibiotics
Neutrophils < 0.5 x 109 L~(if neutrophil count >0.5x10% L but concern about dropping counts or if risk
factors such as mucositis, Down syndrome patients or stem cell transplant)
Fever > 38° C

1L

History and examination
Blood cultures (peripheral if no central line)
Urgent full blood count, renal & liver function tests, CRP and lactate
Urinalysis for < 5 years of age
No routine chest x-ray (unless symptomatic or chest signs)
Use appropriate scoring a system on admission to assess child’s risk of septic complications

1L

Review patient’s previous Gram Negative isolates — if none are resistant to antibiotics below
Start empirical intravenous antibiotics within 1 — 2 hours
Piperacillin/ tazobactam 90 mg/ kg IV (max 4.5g) 6 hourly
Gentamicin 7mg/ kg once a day
(Consider Amikacin if gentamicin-resistant organisms)

Aminoglycosides should not be used in the following groups:

* Bone tumour patients — empirical treatment is ciprofloxacin with piperacillin/
tazobactam — if endoprosthesis in situ, add teicoplanin also.
» Patients with established or potential renal impairment.

If Gram-positive organism is considered, add teicoplanin or vancomycin to the
treatment. For patients with penicillin allergy, use IV ciprofloxacin 10 mg/kg (max
400 mg) every 8 h instead of piperacillin/tazobactam.

Continue 48 hours of intravenous treatment
Consider stopping aminoglycosides earlier than 48 hours in certain situations

L

Has the patient remain afebrile (<37.5°C) for 48 hours since start of neutropenic sepsis episode
AND blood cultures negative?

' N

No Yes

¥

Use appropriate scoring system and exclusion criteria at 48 Consider stopping all antibiotics at 48 hrs
hours to assess child’s suitability for low risk protocol

No exclusion criteria Has Exclusion criteria
Low risk protocol Standard risk protocol
(If negative blood cultures, child well and no low
risk exclusion criteria present on admission or at Continue IV antibiotics beyond 48 hours and
48 hours) follow Standard Risk Protocol
Consider step down to oral

antibiotics at 48 hours
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Chapter 10
Metabolic and Endocrine Emergencies
in Children

Yasmin Baki

Diabetic Ketoacidosis

Key Points

* Diabetic ketoacidosis is a paediatric emergency with significant mortality
and morbidity, in particular from cerebral oedema.

e The focus of management is early diagnosis and the correction of the
metabolic abnormality by carefully administering fluids and insulin to
reverse ketosis and acidosis.

Introduction

Biochemical criteria for diagnosis:

Acidosis pH <7.3 + HCO3 <15 mmol/l
Hyperglycaemia Blood glucose >11 mmol/l
Ketones Blood ketones >3 mmol/l

Cerebral oedema, hypokalaemia and aspiration pneumonia are all potential
causes of mortality in diabetic ketoacidosis (DKA). Five to ten children die from
cerebral oedema secondary to DKA per year in the UK [1]. Therefore, children
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should be managed by senior clinicians with careful clinical and biochemical
monitoring of response to treatment. The 2012-2013 National Diabetes Audit
identified 25,000 children and young people with type 1 diabetes [2]. Almost one in
five children and young people are in DKA at diagnosis of diabetes [3]. Nine percent
of children and young people with type 1 diabetes in the UK experienced at least
one episode of DKA in 2009-2010 [3].

Pathophysiology [4, 5]

Absolute or relative insulin deficiency causes DKA. Insulin deficiency results in an
increase in counterregulatory hormones, including glucagon, cortisol, catecholamines
and growth hormone. This hormonal imbalance leads to an accelerated catabolic state
with increased glucose production by the liver and kidney resulting in hyperglycae-
mia. Impaired peripheral glucose utilisation also results in hyperglycaemia and hyper-
osmolality. In addition, lipolysis occurs due to insulin deficiency and high
counterregulatory hormones. This increases serum free fatty acids with production of
large quantities of ketone bodies and consequent metabolic acidosis. Hyperglycaemia
exceeds the usual renal threshold and with raised ketones causes osmotic diuresis.
This osmotic diuresis combined with ketone-induced nausea and vomiting leads to
severe fluid depletion and life-threatening electrolyte imbalance. High urine output
due to glycosuria continues until extreme volume depletion leads to a critical decrease
in renal blood flow and glomerular filtration resulting in potential renal failure. Lactic
acidosis from hypoperfusion and sepsis can also contribute to life-threatening acido-
sis. Unless interrupted by exogenous insulin, there is a significant risk of death.
Young age (<2 years), delayed diagnosis and low socioeconomic group are risk
factors for first presentation with DKA at diagnosis [4]. In children with known dia-
betes, risk factors for DKA include insulin omission, poor control, previous DKA,
intercurrent illness, psychiatric problems including eating disorders, challenging
social/family circumstances, adolescence and failure of insulin pump therapy.

Clinical Features

Children with a first presentation of diabetes will often have a history of polyuria,
polydipsia and weight loss. Also consider DKA in children with known diabetes
presenting with abdominal pain, vomiting, tachypnoea or confusion.

Clinical features of DKA include:

* Dehydration and tachycardia

* Deep sighing respiration (Kussmaul) with breath smelling of acetone

* Abdominal pain, nausea and vomiting

* Confusion, drowsiness and progressive reduction in conscious level with
eventual coma
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Investigations

First line:

* Blood glucose — laboratory and near patient

» Urea and electrolytes (blood gas gives initial electrolytes)

* Blood gas (venous samples give similar pH/pCO, to arterial samples)
* Near patient blood ketones (superior to urine ketones)

Second line:

* FBC (often DKA is associated with high white cell count in response to stress so
does not necessarily reflect sepsis).

 If febrile or clinically septic, look for a source of infection. Consider CXR, CSF,
throat swab, blood cultures, urine and MC&S.

Assessment [4, 6, 7]

1. Degree of dehydration:

Mild 3 % Only just clinically detectable

Moderate 5 % Fry mucous membranes, reduced skin turgor

Severe 8 % As moderate + sunken eyes, prolonged capillary refill time
+ Shock Poor perfusion, thready fast heart rate, BP drop (late sign)

Weight is a good marker of degree of dehydration.

2. Conscious level:

Glasgow coma score (GCS) should be evaluated at least hourly.

If reduced conscious level, consider cerebral oedema or coma related to
degree of acidosis. Signs of raised intracranial pressure suggest cerebral oedema
(see later section).

3. Full examination to look for signs of sepsis or ileus. If abdominal pain, consider
surgical opinion
4. Consider PICU/HDU if:

» Severe acidosis pH <7.1 + hyperventilation

e Severe dehydration + shock

* Reduced GCS with risk of aspiration from vomiting

e Children <2 years

* Need for high level of nursing care (1:1) not available in current location

Monitoring:

* Strict fluid balance (consider urinary catheter). Twice daily weights can be useful.
* Hourly capillary blood glucose.
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* Capillary blood ketones 1-2 h (if not available urinary ketones).
* Hourly observation including BP. ECG monitoring.
* Initial hourly GCS.

Management (Fig. 10.1)

Airway, breathing and circulation [8]:

(A) Ensure airway is patent. If level of consciousness is reduced, insert airway
devices and seek anaesthetic assessment. Insert a nasogastric tube and aspirate
and then place on free drainage.

(B) One hundred percent oxygen via facial mask.

(C) Assess circulation. Obtain intravenous access and blood tests.

If in shock, give 10 ml/kg normal saline (0.9 % saline) as a bolus and
reassess. Repeat to a maximum of 30 ml/kg. There is no evidence that colloids
or other volume expanders are superior to normal saline.

Fluids

1. Volume
Once circulating volume is restored, calculate fluid deficit:

Deficit (ml) = % Dehydration x Body weight (kg)x10
Fluid Requirement = Maintenance + Deficit — Fluid boluses given

Do not use >8 % in deficit calculations because overestimation of the fluid
deficit is dangerous. Beware using capillary refill time as the only indicator for
fluid bolus administration as hypocarbia causes peripheral vasoconstriction.

Maintenance should be calculated over 48 h so that total volume is given
evenly. Recent UK guidelines [6] recommend the use of lower than standard
maintenance volumes to reduce the risk of cerebral oedema.

Maintenance in DKA using the ‘reduced volume’ volumes [1]:

* Weight <10 kg, give 2 ml/kg/h
e Weight 1040 kg, give 1 ml/kg/h
*  Weight >40 kg, give a fixed volume of 40 ml/h.

2. Type of fluid

* Initially give 0.9 % saline with 20 mmol of KCl in a 500 ml bag.
* Once blood glucose <14 mmol/l, add glucose to the bag starting with 5 %
dextrose.
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Clinical history
- Polyuria
- Polydipsia
- Weight loss
- Abdominal pain
- Weakness
- Vomiting
- Confusion

N
_—

Shock

Reduced peripheral pulse volume

Reduced conscious level
Coma

Resuscitation
- Airway + N/G tube
- Breathing (100 % O,)
- Circulation (10ml/kg

189

Clinical signs
- Assess dehydration
- Deep sighing respiration (Kussmaul)
- Smell of ketones
- Lethargy, drowsiness

Y

Biochemistry
- Elevated blood glucose (>11mmol/l)
- Acidaemia (pH<7.3)
- Ketones in urine or blood
- Take blood also for electrolytes, urea
- Perform other investigations if
indicated

Confirm diagnosis

Diabetic ketoacidosis
Cell senior staff

/

\

Dehydration > 5 %
Clinically acidotic
Vomiting

¥

Dehydration <5 %
Clinically well
Tolerating fluid orally

\

Intravenous therapy
- Calculate fluid requirements
- Correct over 48 hours
- 0.9 % saline for at least 12 h

of 0.9 % saline repeated
until circulation restored,
max 3 doses)

- Add KCL 20 mmol every 500 ml
- Insulin 0.1U/kg/hour by infusion after
first hour of fluids

Therapy
- Start with s.c insulin
- Give oral fluids

Y

[~<€—— No improvement

blood ketones rising

looks unwell

No improvement

|

Re-evaluate
- Fluid balance + IV-therapy
- If continued acidosis, may
require further resuscitation
fluid
- Check insulin dose correct
- Consider sepsis

:

starts vomiting

Observations
- Hourly blood gulcose
- Neurological status at least hourly
- Hourly fluid input:output
- Electrolytes 2 h after start of
IV-therapy, then 4-hourly
- 1-2 hourly blood ketone levels

Neurological deterioration
Warning Signs:

headache, irritability, slowing
heart rate, reduced conscious

N\

Blood glucose
<14 mmol/L

:

level, specific signs raised intra-
crania pressure

|

Exclude
hypoglycaemia
isit
Cerebral oedema?

Intravenous therapy
- Add 5 % glucose to N saline

after 12 h
- Continue monitoring as above

bur only when pH > 7.3

- Change to 0.45 % saline + glucose 5 %

- Consider reducing insulin 0.05/kg/hour,

l

Management
- Give 5 ml/kg 2.7 % saline
or mannitol 0.5-1.0 g/kg
- Call senior staff

Y

Insulin
Start subcutaneous insulin then
stop intravenous insulin 1 h
later

Resolution of DKA
l—

- Clinically well, drinking well, tolerating food

- Restrict I.V. fluids by 1/2
- Move to ITU
- CT Scan when stabilised

- Blood ketones < 1.0 mmol/l or pH normal
- Urine ketones may still be positive

Fig. 10.1 Algorithm for the management of diabetic ketoacidosis [6]
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After 12 h, if plasma sodium is stable or increasing, change to 0.45 % saline
and 5 % dextrose with 20 mmol KCI. If sodium is falling, continue with nor-
mal saline (+ dextrose relating to blood glucose).

Corrected Sodium = Measured Sodium + 0.4 x (BG —5.5) [9]

Add potassium to fluids immediately unless anuria is suspected. Potassium
levels will fall with insulin, and children with DKA will be potassium
depleted. Therefore, ensure that 20 mmol of KCl in each 500 ml bag.
Monitor urea and electrolytes 2 h after initial treatment and then four hourly.

In severe dehydration, keep patients nil by mouth. Consider nasogastric tube

if there is evidence of gastric paresis.

. Insulin [4, 6, 7]

Do not start insulin until intravenous fluids have been running for at least 1 h.
There is evidence to suggest that cerebral oedema is more likely if insulin is
started early.

Administer insulin at continuous low dose by adding 50 units of soluble insu-
lin (Actrapid) to 50 ml of normal saline in a pump running at 0.1 unit/kg/h.
Once blood glucose <14 mmol/l — add 5 % dextrose to bag. Do not reduce
insulin (needed to switch off ketogenesis).

If blood glucose <4 mmol/l — give bolus 2 ml/kg 10 % dextrose and increase
glucose concentration of infusion. Do not stop insulin while glucose is being
infused.

Once pH >7.3+ blood glucose <14 and dextrose containing fluid is being
given, consider reduce insulin infusion rate but not <0.05 Units/kg/h

Continue intravenous treatment until the patient is drinking well and tolerating
food. Change to subcutaneous insulin once blood ketones <1; urinary ketones may
not have disappeared completely. Stop the intravenous insulin infusion 10 min after
fast acting subcutaneous insulin to avoid rebound high blood glucose levels (60 min
if long acting subcutaneous insulin given).

If acidosis is not correcting consider:

More insulin needed

More fluid required

Sepsis

Hyperchloraemic acidosis (C1 >80 % Na) [10]
Salicylates or other recreational drugs

Cerebral Oedema

Risk factors for cerebral oedema [4]:

Severe hypocapnia at presentation (<2 kPa)
Younger age

* First presentation
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* Elevated serum urea at presentation

* Bicarbonate administration

» Rapid fall in corrected sodium

* High fluid volume given in first 4 h

* Early insulin administration in first hour of treatment

Clinical presentation:

* Headache

* Change in neurological status (restlessness, irritability, increased drowsiness)
» Specific neurological signs (cranial nerve palsies)

* Abnormal posturing, reducing GCS (fits, papilloedema, respiratory arrest)

» Bradycardia, hypertension and decreasing oxygen saturations

Management [8]:

e Hypertonic saline 3 % or mannitol intravenously.

* Rule of 3: 3 ml/Kg of 3 % HNS will increase the plasma Na by 3 mmol/l.

* Restrict intravenous fluids (half maintenance and replace over 72 h).

* Neuroprotective measures — elevate bed head to 30°.

* CT scan to rule out haemorrhage/thrombosis requiring neurosurgical intervention.
* Need to be transferred to PICU for further care.

Prevention [1, 5]

Children with type 1 diabetes admitted with DKA require education regarding:

» Potential precipitants, e.g. infection

¢ Risks of insulin omission (check adherence)

* Early warning symptoms

e Written sick day rules

¢ Use of bedside blood ketone meters (more accurate than urine ketones)
* Management of high ketones and sugars

It is also important to address psychosocial issues, in particular eating disorders,
and supporting and educating families and schools are vital.

Prognosis

The mortality rate in children from DKA is 0.15-0.30 % [1, 4]. Cerebral oedema
accounts for 60-90 % of all DKA deaths [1, 4]. In addition, 10-25 % of survivors
of cerebral oedema have significant residual morbidity [1, 4]. There can be subtle
evidence of brain injury, for example, memory deficits, even if there are no overt
signs during DKA.
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Hypoglycaemia

Key Points

» Persistent, severe or recurrent hypoglycaemia can be the presentation of
inherited metabolic diseases and endocrine disorders.

* Accurate diagnosis is essential, and it is thus imperative that the correct
specimens are obtained at time of diagnosis.

* Prompt treatment is imperative in order to avoid long-term neurological
damage or death.

Introduction

Hypoglycaemia is a common finding in paediatrics and needs prompt investigation
and treatment. Severe hypoglycaemia is associated with seizures, loss of conscious-
ness and potential risk of death. Therefore, all children who are unwell should have
a blood glucose level checked. Hypoglycaemia should be treated as a medical emer-
gency and careful monitoring of both blood glucose and electrolytes should be initi-
ated following treatment. Close clinical monitoring, with particular focus on
conscious level, is also essential. A cause for the hypoglycaemia must be elucidated
from full investigation with a hypoglycaemia screen.

Pathophysiology

The ability to maintain a normal plasma glucose level depends on:

* Normal endocrine system

* Functionally intact enzymes for glycogenolysis, glycogen synthesis, gluconeo-
genesis and utilisation of other fuels for oxidation and storage

e Adequate supply of endogenous fat, glycogen and potential gluconeogenic
substrates, such as amino acids

Hypoglycaemia triggers physiological counterregulatory mechanisms
including [15]:

e Inhibition of insulin and increased glucagon levels resulting in hepatic
glycogenolysis with reduced glucose utilisation.

* Release of cortisol increasing protein breakdown and encouraging hepatic
gluconeogenesis.

* Release of growth hormone reducing insulin sensitivity and reducing glucose
utilisation.

» Release of catecholamines increasing lipolysis and free fatty acid production
with resultant increase in ketones. Catecholamines also inhibit insulin release.

» Lipolysis raising free fatty acid levels which act as an alternative fuel to glucose
and inhibit glucose utilisation while stimulating glucose production. Thus, the
presence of ketones indicates the use of fat as an energy store.
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Table 10.1 Clinical presentation of hypoglycaemia [11]

Autonomic Neuroglycopenic Behavioural

Pale Headache Irritability
Sweaty/clammy Confusion Mood change
Tremor Poor concentration Erratic behaviour
Restlessness Loss of consciousness Combative behaviour
Palpitations Visual/speech disturbance

Nausea Seizures

Disruption of any of these counterregulatory processes can lead to hypoglycaemia.
During hypoglycaemia, children and young adults release catecholamines, cortisol and
growth hormone at higher glucose levels than adults and are therefore more susceptible
to hypoglycaemia. Neuroglycopenia thus develops at higher glucose concentrations in
youth and is more frequent in young children. Neonates and young children are more
vulnerable to glucose drops after short fasts because of less developed substrate supplies.

Clinical Features

Hypoglycaemia is defined as blood glucose <2.6 mmol/l. This must be confirmed with
a laboratory blood glucose level. This can be associated with clinical symptoms or may
be asymptomatic. Symptoms vary between individuals and according to age. Initially,
children with hypoglycaemia present with an adrenergic response. This includes pallor,
sweating, restlessness and tremor. Subsequently more neuroglycopenic symptoms and
signs are prominent, such as headache, confusion, visual disturbance and seizures.

Young infants are more likely to present with neurological features such as jit-
teriness, apnoea, hypotonia, feeding difficulties, irritability, abnormal cry and con-
vulsions. Older children may have more subtle behavioural changes. Important
features in the history are enumerated in Table 10.1.

Important features in the history:

e Age

» Feeding history

 Birth history — prematurity, intrauterine growth retardation (IUGR) and maternal
diabetes

* Persistent neonatal jaundice

* Tolerance to fasting/illness

* Drugs — insulin, B-blockers and inhaled steroids

e Alcohol

» Family history of metabolic disorder

* Previous pregnancy loss

e Consanguinity

Examination findings:

» Height/weight/BMI — short stature (growth hormone deficiency).
e Dysmorphism — midline defects (panhypopituitarism), features of Beckwith-
Wiedemann Syndrome (hyperinsulinism).
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» Hepatomegaly — glycogen storage disease.

* Encephalopathy.

e Cataracts (galactosaemia).

* Appearance of genitalia — undescended testis, microphallus (panhypopituitarism).
» Skin pigmentation — hyperpigmentation (Addison’s disease).

e Odour of baby and urine (maple syrup urine disease).

* Look for signs of sepsis.

Differential Diagnosis (Table 10.2)

Investigations [12, 13]

* Near patient and laboratory blood glucose
» Ketones — 30Hbutyrate (can be bedside)
* Blood gas

* Lactate

» Free fatty acids

e Insulin

Table 10.2 Causes of hypoglycaemia [12]

Endocrine

Hyperinsulinism

Adrenal insufficiency
Hypopituitarism

Growth hormone deficiency
Metabolic

Disorders of fatty acid oxidation and carnitine transport
Disorders of carbohydrate metabolism
Disorders of organic acid metabolism
Disorders of gluconeogenesis

Other causes

Neonatal complications: prematurity, birth asphyxia, infants of diabetic mother (secondary
hyperinsulinism), IUGR

Biochemical hypoglycaemia is common in the neonatal period (<72 h after birth) prior to
establishing feeds. Therefore, the full hypoglycaemia screen is not usually needed, unless the
hypoglycaemia does not response to a feed or there is persistent/recurrent hypoglycaemia

In neonates, hypoglycaemia is commonly due to sepsis, severe illness, maternal diabetes or IUGR
Drugs

Liver and multi-organ failure

Sepsis

Gastroenteritis

Idiopathic ketotic hypoglycaemia [13]

This is the most common cause for hypoglycaemia in children, after the neonatal period. It
affects children between the ages of one and 5 years. This is usually precipitated by an often

relatively mild illness, reducing food intake, in an otherwise well child and children often
respond well to treatment with glucose. It is a diagnosis of exclusion
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¢ Random cortisol
¢ Growth hormone
e Acylcarnitine blood spot (MCAD-Guthrie card)
e Serum amino acids
* Urea and electrolytes and liver function tests
¢ Ammonia on ice

e Urine:

Ketones

— Organic acids

Amino acids
Reducing substances

It is helpful to separate ketotic and non-ketotic patients in order to determine
aetiology and prioritise blood tests if there are insufficient blood/urine samples.
Absent ketones in blood or urine tests:

* Blood glucose and lactate

* Blood gas

* Insulin (raised in hyperinsulinism/suppressed in fatty acid oxidation defects)
* BetaOH butyrate

* MCAD blood spot
» Urine metabolic screen (organic and amino acids) and reducing substances

Ketones present in blood/urine tests:

* Blood glucose and lactate

* Blood gas

¢ Random cortisol
e Growth hormone (GH)

— Low GH and low cortisol suggest hypopituitarism/adrenal failure.
— Normal GH and cortisol with hepatomegaly indicates glycogen storage disease.
— Innormal GH and cortisol without hepatomegaly, consider ketotic hypoglycaemia.

* Urine metabolic screen and reducing substances (Table 10.3)

Table 10.3 Interpretation of blood/urine results in hypoglycaemia [12]

Specimen
Urine

Urine
Dipstick/
laboratory
results

Test

Glucose
Ketones

Reducing substances

Amino acids and organic
acids

Toxicology screen

Interpretation

Low/absent in:
Fatty acid oxidation defect
Hyperinsulinaemia
Galactosaemia/fructosaemia (particularly if glucose
dipstick negative)
Deranged in:
Organic acidaemia
Urea cycle disorders

(continued)
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Table 10.3 (continued)

Specimen
Blood

Bedside/
laboratory
results

Test

Glucose (near patient/lab)

Ketone bodies
(beta-hydroxybutyrate)
(Ketostix/lab)

Lactate

Free fatty acids

Carnitine/acylcarnitine
(Guthrie/lab)

Ammonia

Cortisol

Insulin and C-peptide

Growth hormone

Amino acids

U&E
LFT

Poisoning (alcohol,
salicylates)

Y. Baki

Interpretation

<2.6 mmol/l = hypoglycaemia
Low/absent in:
Fatty acid oxidation defect
Hyperinsulinaemia
Raised in:
Metabolic liver disease
Prolonged convulsion
Glycogen storage disorders 1
Defects of gluconeogenesis
Congenital lactic acidaemia (organic acidaemias)
Sepsis
Raised in fatty acid oxidation defects
Raised in:
Fatty acid oxidation defect
Organic acidaemia
Raised in:
Urea cycle disorders (metabolic alkalosis)
Organic acidaemias
Liver dysfunction
Hyperammonaemia syndrome
Low levels:
Hypoadrenalism
ACTH deficiency/hypopituitarism
Abnormal if insulin present even at normal
laboratory levels in hypoglycaemia

Absence of C-peptide suggests exogenous insulin
administration

Low levels:
GH deficiency
Panhypopituitarism
Deranged in:

Specific amino acid (aa) disorders (ketogenic and
gluconeogenic aa raised in ketotic hypoglycaemia.
Low plasma aa in anabolic patients/poor protein
reserves)

Low Na, high K — low glucocorticoids
Deranged in:
Sepsis
Liver disease
Metabolic defects (e.g. glycogen storage disease)

(continued)
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Table 10.3 (continued)

Specimen Test Interpretation

Blood gas Capillary blood gas Metabolic acidosis:

Fatty acid oxidation defects (MCAD, LCAD)
Defects in ketogenesis

Sepsis

Glycogen storage disorders

Organic acid disorders

Microbiology | Blood culture Sepsis

Management

Assess airway, breathing and circulation as per APLS [14].

If blood glucose <2.6 mmol/l, obtain intravenous access and take blood samples

as above.

1.

If patient is conscious and able to tolerate oral intake, give a trial of oral carbo-
hydrates, such as 10-15 g of fast-acting oral carbohydrates (two to three dex-
trose tablets). If uncooperative but conscious, give Glucogel®/Dextrogel®
(fast-acting sugary gel containing 10 g glucose) by squirting contents into the
side of each cheek (buccal) evenly and massaging gently from the outside. This
should not be used in an unconscious or fitting child.

Recheck blood glucose in 10-15 min. If improving and blood glucose
>2.6 mmol/l, give 15 g slow-acting carbohydrate, e.g. slice of toast or 200 ml of
milk and monitor to ensure normoglycaemia is maintained. If blood glucose has
not recovered, give one more trial of oral fast-acting carbohydrate before com-
mencing intravenous treatment.

. If patient is unconscious, give 2-5 ml/kg 10 % dextrose as a bolus intravenously

followed by IV glucose infusion 0.9 % saline/10 % dextrose *electrolytes at
maintenance rate. Recheck blood glucose 10 min post IV infusion. Need close
monitoring of blood glucose and conscious level as there is a risk of recurrence
of hypoglycaemia.

If unable to obtain IV access in unconscious child, give IM glucagon:

<25 kg or <8 years Y2 vial (0.5 mg)
>25 kg or >8 years full vial (1 mg)

Glucagon is fast acting, so there should be a response within 5 min. Potential side

effects include nausea and vomiting so manage the patient in the recovery position
subsequently. If there is a history of alcohol use, glucagon may be ineffective as
glycogen hepatic stores will be depleted.

If the blood glucose is still <2.6 mmol/l or the GCS has not improved:

Give second bolus 5 ml/kg 10 % dextrose.
Increase rate of infusion to 6 mg/kg/min (see formula below).
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* Increase glucose concentration. Central access is required for glucose concentra-
tions >12.5 %.

» If possible adrenal insufficiency, give IV hydrocortisone 4 mg/kg.

* Monitor urea and electrolytes regularly.

* Repeat blood glucose initially after 5 min and then 15 min then every 30 min.

A high insulin requirement may indicate hyperinsulinism (>10 mg/kg/min).

If a child remains unconscious after the blood glucose has corrected, consider other
causes such as cerebral oedema, head injury, adrenal insufficiency and drug overdose.
% dextrosesolution x ml/ hr

Weight (kg)x6

Glucoseinmg/ kg / min =

Other metabolic considerations:

» Profound encephalopathy, intractable seizures or apnoea will require intubation
and ventilation.

e Circulatory failure can occur requiring intravascular volume expansion and
potentially inotropes.

* Metabolic acidosis. If intractable, correct pH using sodium bicarbonate.

* Hyperammonaemia — consider sodium benzoate. Discuss with specialist meta-
bolic team. May need dialysis.

* Monitor for cerebral oedema

* If known condition, use emergency plan provided by metabolic team.

Prognosis

Studies report that repeated severe hypoglycaemia adversely affects cognitive
domains in particular long-term memory, attention and verbal IQ. Structural brain
abnormalities, such as mesial temporal sclerosis, have been reported in young chil-
dren with repeated hypoglycaemic seizures. Neurocognitive defects, including
impaired auditory and sensory evoked responses, have been reported at the time of
hypoglycaemia in infants and young children [15]. This emphasises the need for
early diagnosis and treatment.

Prevention [15]

In order to prevent further episodes of hypoglycaemia from occurring, it is impor-
tant to establish a cause for the hypoglycaemia. Prior to discharge, the child must be
able to tolerate a reasonable time between feeds (at least 4 h) without blood glucose
dropping below 3 mmol/l. Children and their families need multidisciplinary team
support to manage their condition. Dietician input and clear management plans
regarding care during illness and potential illness triggers are essential. The child
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and family need education about the management of hypoglycaemia with supplies
of fast-acting carbohydrate and IM glucagon available. In addition, the child and
family should know how to monitor glucose levels. School involvement is also
important.
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Chapter 11
Neonatal Emergencies

Christina L. Cochran and Parul P. Soni

Key Points

* Neonatal Resuscitation Program (NRP) guidelines should be employed for
management of a newborn in distress [1].

* Always consider nonaccidental trauma in newborns presenting to the
emergency department (ED).

* Prognosis is often dependent on the underlying aetiology or degree of
illness.

e Opverall, early recognition and management will improve long-term
outcome.

Section A: Common Assessment and Treatment Elements

Introduction

Newborns presenting with respiratory illness should be evaluated promptly as
respiratory failure can precipitate quickly. There are many aetiologies of
respiratory illness in the newborn period, of which the most common will be
reviewed.
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Pathophysiology

» Respiratory distress syndrome (RDS) is caused by insufficient surfactant produc-
tion, most commonly in preterm infants.

— Insufficient surfactant causes inappropriate alveolar expansion.
— Decreased alveolar expansion leads to respiratory distress.

* Bronchiolitis is the result of a viral infection affecting the lower respiratory tree.

— Bronchioles become inflamed and increase secretion production.
— Common viral aetiologies include respiratory syncytial virus, human meta-
pneumovirus, rhinovirus, enterovirus, and coronavirus [2].

e Meconium aspiration syndrome (MAS) results from aspiration of meconium at
the time of delivery.

Clinical Features

* Initial signs of respiratory distress include tachypnoea and increased work of
breathing (Table 11.1)

* Asdistress progresses, newborns are at risk of developing respiratory failure and
apnoea.

* RDS presents in the first days of life (Table 11.2)

* Bronchiolitis is a clinical diagnosis based on physical exam and history [3].

— Newborns will have increased work of breathing with crepitations and rhon-
chi on exam.

Differential Diagnosis

* Consider RDS, bronchiolitis, sepsis, bronchopulmonary dysplasia (BPD), pul-
monary hypertension, pneumonia, MAS, and pertussis.

Table 11.1 Signs of Respiratory Tachypnoea
respiratory distress versus distress

. . Retractions
respiratory failure

Abdominal accessory muscle use
Nasal flaring
Tracheal tugging
Respiratory failure | Bradypnoea
Apnoea
Hypoxia/hypoxemia
Carbon dioxide retention
Respiratory acidosis
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Table 11.2 Comparison of clinical features and management of RDS and bronchiolitis

RDS Bronchiolitis
Age First 2 days of life First 2 years of life
Aetiology Decreased surfactant Viral infection
Signs/symptoms Tachypnoea, increased work of | Tachypnoea, increased work of
breathing, hypoxia breathing, apnoea, hypoxia
Diagnosis CXR, clinical Clinical
Management Supplemental oxygen, surfactant | Suctioning, supplemental oxygen
Table 11.3 Chest x-ray Chest x-ray finding

findings in common newborn

. . Respiratory distress syndrome | Ground-glass opacities
respiratory diseases P Ty y g P

Decreased lung volumes
Air bronchograms

Pneumonia Focal opacities
Diffuse infiltrates
Foreign body aspiration Air trapping on the side

of the foreign body

» History of meconium presence in amniotic fluids should raise concern for MAS.
¢ When considering pulmonary hypertension, conduct thorough cardiac evaluation.

Investigations

¢ Chest radiograph (CXR) should be obtained in patients suspected to have RDS,
pneumonia, and foreign body aspiration (Table 11.3).

¢ CXR is not indicated in patients with bronchiolitis [3].

¢ Obtain nasal secretions to confirm pertussis infection.

» If suspected, infectious workup should be completed including blood, urine, and
cerebrospinal fluid studies (CSF).

Treatment

 Intervention can be tailored to a degree of respiratory distress (Table 11.4).

¢ Surfactant should be provided to patients with RDS [4].

* Supportive care, including suctioning and supplemental oxygen, is the treatment
of choice for bronchiolitis.

— Salbutamol, normal saline, and hypertonic saline nebulisers have not been
shown to improve outcome in bronchiolitis [3].

 For patients without clear viral aetiology, consider antibiotic coverage.
 If suspicious for pertussis, start prophylactic antibiotics.
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Table 11.4 Recommended Intervention
interventions based on level

. . Apnoeic Bag-valve-mask ventilation
of respiratory distress P g

Intubation and mechanical ventilation
Severe distress | Continuous positive airway pressure (CPAP)

Intubation and mechanical ventilation
Moderate High-flow nasal cannula
distress Vapotherm

Continuous positive airway pressure (CPAP)
Minimal distress | Trial supplemental oxygen via nasal cannula

Prognosis

* Newborns in respiratory distress will require observation and treatment on an
inpatient service.

* Newborns with severe RDS are at risk of requiring long-term supplemental oxy-
gen and developing BPD.

* Bronchiolitis has an overall good prognosis with resolution of symptoms once
the virus infection resolves.

Prevention

* Prevention of bronchiolitis focuses on reducing virus transmission.
* Avoidance of preterm delivery unless clinically indicated will decrease the risk
of RDS.

Section B : Neonatal Cardiac Emergencies

Introduction

Congenital cardiac deformities may present in the first hours to days to weeks of
life. Prompt recognition of a cardiac aetiology is imperative, as management from
cardiogenic shock differs from management of other aetiologies of newborn shock.

Pathophysiology

* Congenital heart defects are a result of abnormal embryogenesis

» Defects can be classified as cyanotic (Table 11.5) and non-cyanotic (Table 11.6).

* Cyanosis is a result of right to left shunting of non-oxygenated blood into sys-
temic circulation.
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Table 11.5 Characteristics of cyanotic heart lesions

Truncus
Name arteriosus

Description | Single
arterial
trunk
supplying
pulmonary
and
systemic
circulation

Diagnosis Echo, CT
angiogram

Management | CR support,
diuretic
therapy,
surgical
intervention

Transposition
of the great
vessels

Pulmonary
artery
supplying
systemic
circulation;
aorta
supplying
pulmonary
circulation
Echo, CXR
showing “egg
on a string.”
CT
angiogram
CR support,
PGELl,
surgical
intervention

Tetralogy of
Tricuspid atresia | Fallot

Absence or Overriding
underdevelopment | aortic arch,
of the tricuspid pulmonary
valve atresia,
VSD, right
ventricular
hypertrophy

Echo Echo, CXR
showing
boot-shaped
heart

CR support, Tetralogy

PGE]1, surgical spell: 100 %

intervention oxygen,
morphine,
Vasopressor;
CR support,
surgical
intervention

205

Total
anomalous
pulmonary
venous return

All four
pulmonary
veins do not
connect
correctly
with the left
atrium

CT
angiogram,
cardiac MRI

CR support,
PGEIl,
supplemental
oxygen, fluid
support,
surgical
intervention

VSD ventricular septal defect, Echo echocardiogram, CT computerised tomography, CXR chest
x-ray, CR cardiorespiratory, PGE1 prostaglandin E,

Table 11.6 Non-cyanotic heart defects

Coarctation of the aorta

Ventricular septal defect (VSD)

Presentation Cool BLE extremities Time of presentation dependent on the
size of VSD

Decrease pulses in the BLE Signs of heart failure or fluid overload
Decreased blood pressure in the of the lungs
BLE

Diagnosis Echocardiogram Echocardiogram
CT angiogram or MRA of the CXR may demonstrate cardiomegaly
heart/aorta

Management Prostaglandin E; Haemodynamic support

Haemodynamic support

Surgical repair

BLE bilateral lower extremities

Clinical Features

Closure of the defect

* Newborns may present with a variety of findings (Table 11.7).
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Table 11.7 Possible clinical features associated with congenital heart disease

History Vital sign abnormalities | Physical exam findings

Abnormal foetal ultrasound | Tachycardia (>160 bpm) | Shock

Poor/difficult feeding Bradycardia (<80 bpm) | Decreased central/peripheral pulses
Cyanosis Hypoxia (<90 % on RA) | Poor perfusion

Emesis Tachypnoea Increased work of breathing

Poor weight gain Bradypnoea Pathologic murmur

Maternal diabetes Hypertension Lethargy

Maternal hypertension Hypotension Hepatomegaly

Maternal medication Crackles on lung auscultation

Family cardiac history
bpm beats per minute, RA room air

YES —> TOF, AVSD, TA, PA, PS

YES ——> MURMUR
~

7 NO —> TGA, PPHN, TAPVR
- ——> FEMORAL PULSES N

NO

N\

[BRRY —— FEMORAL PULSES —> NO ——> COARCT, HLHS, AS

YES——> vsD, ASD, AS
TOF: Tetralogy of Fallot AVSD: Atrioventricular Septal Defect TA: Truncus Arteriosus PA” Pulmonary Atresia
PS: Pulmonary Stenosis TGA: Transposition of the Great Arteries PPHN: Persistent Pulmonary Hypertension

TAPVR: Total Anomalous Pulmonary Venous Return Coarct: Coarctation HLHN: Hypoplastic Left Heart Syndrome
AS: Aortic Stenosis ASD: Atrial Septal Defect

Fig. 11.1 Assessment of infant colour and central pulses
Differential Diagnosis

» Serious bacterial infection (SBI) should be considered in all neonates presenting
to the ED.

* Metabolic abnormalities, respiratory infections, and feeding difficulties can
present similarly.

Investigations

* Assess colour of the newborn and central/peripheral pulses (Fig. 11.1).
* Measure four extremity blood pressures and pulse oximetry.

— In the setting of coarctation, lower extremity blood pressures and pulse oxim-
etry will be decreased compared to right upper extremity.

¢ CXR should be obtained to assess the cardiac silhouette.
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* Obtain electrocardiogram to assess for rhythm disturbances.

* Echocardiogram is used to assess cardiac anatomy and function.

» Consider blood gas to assess pH and arterial oxygenation.

* Detailed maternal and prenatal history, including ultrasound results, should be
gathered.

— Many maternal conditions and medications can be associated with congenital
heart disease [5].

Treatment

* Supplemental oxygen should be provided.
¢ Haemodynamic support should be provided with fluids, inotropes, and chrono-
tropes as clinically indicated.

— The degree of fluid resuscitation is dependent on the underlying cardiac
defect.

* Prostaglandins should be initiated to delay closure of the ductus arteriosus in
patients suspected of having a shunt-dependent defect.

— Initial dose — Prostaglandin E1: 0.05 mcg/kg/min

* Initiate inhaled nitric oxide if pulmonary hypertension is suspected.
* Cardiology consult should be obtained as soon as cardiac defect is suspected.

Prevention

* Improved management of maternal diabetes and hypertension may decrease con-
genital heart defects.

Section C: Serious Bacterial Infections (SBI)

Introduction

Any newborn with concern for infectious process should be evaluated and treated
immediately. SBIs in neonates include, but not limited to, urinary tract infections
(UTIs), bacteraemia, sepsis, meningitis, pneumonia, pyelonephritis, and cellulitis.
Neonates with bacterial infection are at high risk for long-term morbidity and mor-
tality [6]. Low threshold for workup of an SBI should be maintained when evaluat-
ing children less than 29 days old.
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Pathophysiology

* Newborns have reduced defence against bacterial infections secondary to an
immature immune system.

* The two most common bacteria responsible for infection in newborns are group
B streptococcus (GBS) and Escherichia coli (E. coli) [7].

e UTIs are the most common bacterial infection in this patient group.

* Necrotising enterocolitis (NEC) is a result of intestinal ischaemia, leading to
bacterial overgrowth and gut necrosis [8].

Clinical Features

* Rectal temperature greater than 38" C is suggestive of infection.

* Infants may present with hypothermia, lethargy, increased sleeping, poor feeding,
jaundice, vomiting, changes in their respiratory pattern, or abnormal vital signs.

e Detailed prenatal and antenatal history should be obtained.

— Risk factors for infection include prolonged rupture of membranes, maternal
fever, maternal infection, and lack of appropriate treatment for maternal GBS.

e Abdominal tenderness, distension, vomiting, bloody stool, and lethargy may
indicate NEC.
* Redness, tenderness, or drainage from the umbilicus is concerning for omphalitis.

Differential Diagnosis

* Consider hypoglycaemia, metabolic dysfunction, hyperbilirubinemia, congenital
heart conditions, and neurologic dysfunction when assessing a patient with the
above features.

Investigations

*  Workup should include CBC, blood culture, urinalysis, urine culture, and CSF
studies including cell count, differential, glucose, protein, and culture.

» Consider obtaining herpes simplex virus (HSV) tests.

* In the setting of omphalitis, send culture of umbilical discharge.

e Obtain cultures prior to antibiotic initiation unless patient is clinically
decompensating.

» For patients with dehydration or concern for metabolic abnormalities, obtain
electrolytes and liver function panel.
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¢ CXR should be considered in newborns with respiratory distress, and hypoxia.
* NEC diagnosis and management is reviewed in Table 11.11 [9].

Treatment

e Prompt antibiotic therapy is essential.
* Initiate broad-spectrum antibiotic coverage with ampicillin and gentamicin and/
or cefotaxime.

— Ampicillin, gentamicin, and cefotaxime dosing is dependent on age and
weight [10].
— Acyclovir covers for possible HSV infection: 20 mg/kg/dose every 8 h [10].

¢ Continue antibiotics until CSF, blood, and urine cultures have resulted.
¢ NEC management is reviewed in Table 11.11.

Prevention

e Appropriate treatment of maternal GBS infections reduces the likelihood of
newborn infection [11].

Section D: Newborn Gastrointestinal Emergencies

Introduction

There are a variety of gastrointestinal (GI) emergencies that may present in the
newborn period. The majority of diagnoses can be distinguished based on physical
exam and radiologic evaluation. Omphalocele and gastroschisis are not discussed in
depth, but ED physicians should be aware of these complications.

Hyperbilirubinemia

Pathophysiology

* Most newborns develop clinical hyperbilirubinemia [12].

* Most cases of hyperbilirubinemia are physiologic, or secondary to normal
delayed conjugation and excretion of bilirubin in the newborn, though patho-
logic aetiologies must be considered.
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* Factors contributing to higher bilirubin levels are listed in Table 11.8.
* Patients can be classified into low risk, medium risk, or high risk for complica-

tions of bilirubin (Table 11.9) [12].

Clinical Features

e Newborns with hyperbilirubinemia will appear jaundiced and may have

decreased activity and desire to feed.

* Jaundice occurs in a cranial to caudal progression and presents within the first

week of life, with peak from day 3 to 5.

» Jaundice presenting within the first 24 h of life is likely pathologic.

Differential Diagnosis

e Consider underlying genetic abnormalities, including Gilbert, Crigler-Najjar,
and Dubin-Johnson, when diagnosing unconjugated hyperbilirubinemia.
* Also consider causes of elevated direct/conjugated bilirubin, including biliary

atresia.

* Infection and sepsis can lead to increased bilirubin levels.

Table 11.8 Risk factors for
hyperbilirubinemia

Birth trauma
Dehydration

Breast feeding jaundice

Breast milk jaundice (after 1 week of life)

Haemolysis

ABO incompatibility
Polycythaemia
Preterm infant
Infection

Ethnicity (Asian)

Table 11.9 Classifying newborns into risk category based on age and number of risk factors

Gestational age
Low risk 38 weeks or older
Medium risk 38 weeks or older

35 weeks to less than 38 weeks
High risk 35 weeks to less than 38 weeks

with
with
with
with

Number of risk factors
0
1
0

1 or more
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Investigations

» Laboratory workup will demonstrate elevated unconjugated bilirubin levels.
» Consider blood type testing, direct bilirubin level, complete blood count, blood
smear, liver function panel, and infectious workup.

Treatment

¢ Treatment for hyperbilirubinemia is based on age, risk factors, and level of bili-
rubin (Table 11.10).

e The goal of treatment is to prevent encephalopathy secondary to bilirubin depo-
sition in the brain or kernicterus [12].

 Initial intervention includes oral hydration, intravenous (IV) hydration, and
phototherapy.

 For high-risk cases or concern for kernicterus, exchange transfusion is employed [12].

Prognosis

* Opverall prognosis of hyperbilirubinemia is very good [12].

* The incidence of kernicterus is declining with the advent of phototherapy and
exchange transfusion, though patients with kernicterus continue to have long-
term neurologic morbidities [12, 13].

Table 11.10 Trigger levels of total serum bilirubin for phototherapy and exchange transfusion in
infants 35 weeks or greater [12]

Phototherapy level Exchange transfusion

Age of newborn Risk level (pmol/L) level (pmol/L)
24 h Low 196 324

Medium 162 282

High 128 256
48 h Low 258 376

Medium 222 324

High 192 290
72h Low 299 410

Medium 265 360

High 230 316
96 h Low 336 428

Medium 294 384

High 247 324
5 days and older Low 359 428

Medium 307 384

High 256 324
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Prevention

* Prevention of hyperbilirubinemia focuses on appropriate hydration of the new-
born and appropriate treatment of maternal infections at the time of delivery.

* Awareness of risk factors will assist in early recognition and intervention.

» Kernicterus is an entirely preventable disease though not reversible [12].

Duodenal Atresia

Pathophysiology

¢ Duodenal atresia occurs when there is an occlusion of the duodenum, restricting
passage of materials through the small bowel.

¢ Overall incidence is reported at 1 in 6,000 births [14]

¢ This diagnosis is highly associated with trisomy 21.

Clinical Features

 Patients will present in the first days of life with bilious vomiting.

¢ Physical exam may reveal a scaphoid abdomen.

¢ Newborn may pass meconium but is unlikely to have any bowel movements.
¢ Prenatal history is often positive for polyhydramnios.

Differential Diagnosis

» Infection, oesophageal atresia, tracheaoesophageal fistula, pyloric stenosis, and
reflux should be considered.

¢ Vomiting in the setting of duodenal atresia is bilious in nature, distinguishing this
diagnosis from many others.

Investigations

¢ Abdominal x-ray will reveal a double bubble sign indicating trapped air in the
stomach and proximal duodenum.

¢ Electrolytes, including glucose, should be obtained to assess hydration and nutri-
tional status.
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Treatment

e Management of duodenal atresia is reviewed in Table 11.11.

Prognosis

e Complications may include dependence of parenteral nutrition, poor growth,
perforation of the duodenum, and stricture at the site of anastomosis [15].

Hirschsprung’s Disease

Pathophysiology

e Hirschsprung’s disease is the result of failed migration of neural crest cells lead-
ing to a lack of innervation in a section of the colon.

e The aganglionic colon is unable to relax, leading to constriction of that
segment.

e Hirschsprung’s disease is more common in males with a 4:1 male to female pre-
dominance [16].

Clinical Features

¢ Most newborns present with delayed passage of meconium and stool.
— Ninety-eight percent of normal newborns pass meconium within 48 h.

¢ Newborns may present with abdominal distension, vomiting, or stringy stools

¢ Physical exam reveals a tight anal sphincter and explosive stooling with rectal
exam.

» Patients may present with toxic megacolon — extreme dilation of the colon lead-
ing to distension, pain, perforation, and shock.

Differential Diagnosis

e Consider constipation, meconium ileus, duodenal atresia, or other intestinal
obstruction.



214

C.L. Cochran and P.P. Soni

Table 11.11 Characteristics of duodenal atresia, Hirschsprung’s disease, and necrotizing

enterocolitis

Age
Gender
dominance
Emesis

Abdominal x-ray
findings

Diagnosis
Management

Investigations

Duodenal atresia

First days of life
None

Bilious

Double bubble sign

Abdominal x-ray
NPO, nasogastric
tube placement, IV
hydration, surgical
repair

Hirschsprung’s disease
First days of life
Male > female

Bilious,

stool — coloured
Dilation of the
proximal colon, lack
of air in the rectum
Rectal suction biopsy
NPO, nasogastric tube
placement, IV
hydration, surgical
repair

NEC
First months of life
None

Non-bilious or bilious

Pneumatosis, abdominal
free air, portal venous gas

Clinical with x-ray findings
NPO, nasogastric tube
placement, IV hydration,
initiate antibiotics, surgical
consult

» Rectal suction biopsy of the narrowed section of the colon is gold standard for

diagnosis [17].

* Anal manometry and barium enema can assist with diagnosis.
 If toxic megacolon is suspected, obtain abdominal x-ray, electrolytes, complete
blood count, and blood culture.

Treatment

e Management of Hirschsprung’s Disease is reviewed in Table 11.11
* In the case of toxic megacolon, provide resuscitation as clinically indicated and

IV antibiotics

Prognosis

* Long-term complications of Hirschsprung’s disease include constipation, bowel
dysfunction, and toxic megacolon [17].

Section E: Metabolic Emergencies

Introduction

Metabolic disorders can masquerade as many different diagnoses on initial presen-
tation. In newborns, always consider underlying metabolic disorders such as
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congenital adrenal hyperplasia (CAH), thyroid dysfunction, fatty acid disorders,
amino acid disorders, urea cycle disorders, organic acid disorders, and glycogen
storage disease.

Pathophysiology

* Metabolic emergencies in a newborn result from a range of disorders and
deficiencies.
» Pathophysiology is entirely dependent on the underlying disorder.

Clinical Features

* Newborns may present with poor weight gain, feeding difficulties, lethargy, eme-
sis, diarrhoea, and decreased movement.
* Female and male infants with CAH present with slight variation [18].

— Females will likely have ambiguous genitalia with enlarged clitoris.
— Males tend to present with salt wasting and electrolyte abnormalities includ-
ing hyponatremia and hypokalaemia.

Differential Diagnosis

» Consider sepsis, genetic disorders, and cardiac abnormalities in these patients.

Investigations

e Newborn screening results should be reviewed.

* Glucose levels should be obtained immediately.

* Blood gas should be obtained to assess for signs of metabolic acidosis or
alkalosis.

e Multiple metabolic disorders can present with electrolyte derangement.

e Obtain ACTH, cortisol, and 17-hydroxyprogesterone levels if concerned for
CAH [18].

» Consider urine organic acids, serum amino acids, acylcarnitine profile, lactate,
and pyruvate in non-emergent phase.

* Consider thyroid studies in patients with clinical signs or maternal history of
antithyroid antibodies.
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Treatment

» Provide dextrose for patients with hypoglycaemia defined as less than 2.6 mmol/L
or symptomatic.

— Oral feeds with dextrose (milk, formula) if patient tolerates.
— IV dextrose 10 % bolus of 2 ml/kg.
— If blood sugar remains low, consider an IV infusion of 10 % dextrose.

» Consider stress-dose steroids if CAH and adrenal crisis are suspected [10].
— Hydrocortisone IV: 50-100 mg/m?
* Correct electrolyte abnormalities as indicated.

— CAH patients may require sodium chloride supplementation [18].
— Consider sodium benzoate for sodium replacement after discussion with an
endocrinologist.

Prognosis

e Many metabolic disorders require long-term dietary supplementation or
restriction.

Prevention

* Newborn screening should be administered on all newborns in the first 3 days of life.

Section F: Haematologic Emergencies

Introduction

Bruising, bleeding, and petechiae are not common presenting issues in newborns,
though when present, should raise concern. Broad differentials should be main-
tained for these clinical features.

Pathophysiology

¢ In neonatal alloimmune thrombocytopenia, maternal antibodies cross the pla-
centa and target paternally derived antigens, causing destruction of the platelet.

¢ Autoimmune thrombocytopenia occurs when maternal antibodies target mater-
nal and neonatal platelets.
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Clinical Features

» Patients may present with easy bleeding, petechiae, and purpura.
— Assess if males experienced prolonged bleeding with circumcision.

* Mental status changes could be indicative of intracranial haemorrhage.

Differential Diagnosis

* Consider vitamin K deficiency, neonatal alloimmune thrombocytopenia, and
autoimmune thrombocytopenia.

* Also consider nonaccidental trauma, infection, underlying coagulopathy, necro-
tizing enterocolitis, haemophagocytic lymphohistiocytosis, and leukaemia.

Investigations

* Gather thorough history including maternal medications, illnesses, birth history,
and vitamin K administration.

e Obtain complete blood count, coagulation panel.

e Maintain a low threshold for infectious workup

* Cranial computerised tomography (CT) scan or ultrasound should be completed
if concerned for intracranial bleed.

» Consider haematology/oncology consult.

Treatment

e Immediately administer vitamin K if not previously given or coagulopathy is
suspected.

— Vitamin K: 0.5-1 mg intramuscularly, subcutaneously, or intravenously [10]

» Provide platelet transfusion if patient is thrombocytopenic and actively bleeding
(Table 11.12).

* Consider fresh frozen plasma in setting of moderate to severe bleeding.

» If concerned for an antibody-mediated process, consider intravenous immuno-
globulin (IVIg) and/or platelet transfusion [19, 20].

— IVIg: 0.4-1 g/kg/day [19, 20].
— Steroid infusion can be considered as adjunct therapy [19, 20].

* Antibiotic therapy for infants with suspected bacterial infection
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T‘f‘ble 11.12 Potential Platelet level Clinical condition
triggers .for platelet Normal Platelet function disorder with bleeding
transfusion

Platelet count Major bleeding

<100 Disseminated intravascular coagulopathy

Preoperative
Sepsis
Platelet count <50 | Minor bleeding
Exchange transfusion
Preterm infant
Platelet count <30 | Asymptomatic term infant

Prognosis

 Intracranial haemorrhage and lower platelet levels are associated with increased
risk of morbidity and mortality [21].
* Majority of newborns with thrombocytopenia have good outcomes [21].

Prevention

* Administration of vitamin K immediately following birth
¢ Close monitoring of infants born to moms with idiopathic thrombocytopenia

Section G: Neurologic Emergencies

Introduction

Seizures may present in the neonatal period as a secondary process or as a primary
seizure disorder. The primary goal after stabilisation of the patient should be to
uncover and manage the underlying aetiology of the seizure.

Pathophysiology

* Seizures are more frequent in preterm infants and infants with hypoxic ischemic
encephalopathy (HIE) [22].

¢ Abnormal movements occur secondary to withdrawal from maternal drug expo-
sure, commonly opioids.
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Clinical Features

* Seizures may manifest with abnormal extremity or eye movements.
e Withdrawal symptoms are listed in Table 11.13 [23].

— Neonatal abstinence scoring may be utilised to assess for risk of neonatal
withdrawal.

Differential Diagnosis

* Aectiologies of seizure range from encephalopathy, stroke, HIE, metabolic disor-
ders, infection, to genetic disorders [24].

* Electrolyte abnormality can present abnormal movements or behaviour.

* Nonaccidental trauma should always be considered.

Investigations

* Obtain glucose and electrolytes in infants with abnormal movements.

e Gather thorough history, including maternal history, maternal medications,
maternal infections, and birth history [24].

e Obtain head imaging

* Complete infectious workup, including CSF studies, should be performed.

e Send urine and meconium toxicology screens to assess for withdrawal
syndrome.

Table 11.13 Comparison of neonatal seizures and withdrawal syndrome

Neonatal seizure Withdrawal syndrome

Clinical — Abnormal focal or generalised |— Inconsolable, high-pitched crying
features movements — Diarrhoea, vomiting
— Decreased responsiveness — Poor feeding
— Yawning, sneezing
— Sleep disturbance
Diagnosis — Clinical/history — Neonatal abstinence scoring
- EEG — Maternal drug history
— Infectious workup — Urine drug screen
— CT or ultrasound of the head — Meconium drug screen
Management |— Phenobarbital 20 mg/kg IV'? Supportive care

Fosphenytoin 20 mg PE/kg IV!°
Lorazepam 0.05 mg/kg IV'?

Methadone
Second line agents:
clonidine, lorazepam

phenobarbital,
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Treatment

» If hypoglycaemia is present, correct with IV dextrose.

» Consider treating a seizing neonate with phenobarbital or phenytoin [24].

» If seizures are nonresponsive to the above medications, please consider loraze-
pam or levetiracetam.

* In cases of neonatal withdrawal, provide supportive care and tailor medical man-
agement based on maternally abused drug (Table 11.13).

Prognosis

* Prognosis depends on the underlying aetiology and duration of symptoms
[24, 25].

Prevention

e Maternal education on the harms of drug use

References

1. Kattwinkel J, Perlman J, Aziz K, Colby C, Fairchild K, Gallagher J, et al. Neonatal resuscita-
tion: 2010 American heart association guidelines for cardiopulmonary resuscitation and emer-
gency cardiovascular care. Pediatrics. 2010;126(5):1400-13.

2. Mansbach JM, Piedra PA, Teach SJ, Sullivan AF, Forgey T, Clark S, et al. Prospective multi-
center study of viral etiology and hospital length of stay in children with severe bronchiolitis.
Arch Pediatr Adolesc Med. 2012;166(8):700-6.

3. Ralston SL, Lieberthal AS, Meissner HC, Alverson BK, Baley JE, Gadomski AM, et al.
Clinical practice guideline: the diagnosis, management, and prevention of bronchiolitis.
Pediatrics. 2014;134(5):e1474-502.

4. Kendig JW, Notter RH, Cox C, Aschner JL, Benn S, Bernstein RM, et al. Surfactant replace-
ment therapy at birth: final analysis of a clinical trial and comparisons with similar trials.
Pediatrics. 1988;82(5):756-62.

5. Liu S, Joseph KS, Lisonkova S, Rouleau J, Van den Hof M, Sauve R, et al. Association between
maternal chronic conditions and congenital heart defects: a population-based cohort study.
Canadian Perinatal Surveillance System (Public Health Agency of Canada). Circulation.
2013;128(6):583-9.

6. de Louvois J, Halket S, Harvey D. Neonatal meningitis in England and Wales: sequelae at 5
years of age. Eur J Pediatr. 2005;164(12):730-4.

7. Holt DE, Halket S, de Louvois J, Harvey D. Neonatal meningitis in England and Wales:
10 years on. Arch Dis Child Fetal Neonatal Ed. 2001;84(2):F85-9.

8. Ballance WA, Dahms BB, Shenker N, Kliegman RM. Pathology of neonatal necrotizing
enterocolitis: a ten-year experience. J Pediatr. 1990;117(1 Pt 2):6-13.



10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Neonatal Emergencies 221

. Brook I. Microbiology and management of neonatal necrotizing enterocolitis. Am J Perinatol.

2008;25(2):111-8.

www.lexicomp.com.

Verani JR, McGee L, Schrag SJ. Division of bacterial diseases, national center for immuniza-
tion and respiratory diseases. Prevention of perinatal group B streptococcal disease — revised
guidelines from CDC. MMWR Recomm Rep. 2010;59(RR10):1-32.

American Academy of Pediatrics Subcommittee on Hyperbilirubinemia. Management of
hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics.
2004;114(1):297-316.

Rasul CH, Hasan A, Yasmin F. Outcome of neonatal hyperbilirubinemia in a tertiary care
hospital in Bangladesh. Malays J Med Sci. 2010;17(2):40-4.

Kuenzler KA, Rothenberg SA. Duodenal atresia. Fundamentals of pediatric surgery. New York:
Springer; 2011.

Bishay M1, Lakshminarayanan B, Arnaud A, Garriboli M, Cross KM, Curry JI, et al. The role
of parenteral nutrition following surgery for duodenal atresia or stenosis. Pediatr Surg Int.
2013;29(2):191-5.

Suita S, Taguchi T, Ieiri S, Nakatsuji T. Hirschsprung’s disease in Japan: analysis of 3852
patients based on a nationwide survey in 30 years. J Pediatr Surg. 2005;40(1):197-201.
DeLorijn F, Kremer LCM, Reitsma JB, Benninga MA. Diagnostic tests in Hirschsprung dis-
ease: a systematic review. J Pediatr Gastroenterol Nutr. 2006;42:496-505.

Speiser PW, Azziz R, Baskin LS, Ghizzoni L, Hensle TW, Merke DP, et al. Congenital adrenal
hyperplasia due to steroid 21-hydroxylase deficiency: an endocrine society clinical practice
guideline. J Clin Endocrinol Metab. 2010;95(9):4133-60.

Ouwehand WH, Smith G, Ranasinghe E. Management of severe alloimmune thrombocytope-
nia in the newborn. Arch Dis Child Fetal Neonatal Ed. 2000;82(3):F173-5.

Ovali F, Samanci N, Ermis B, Akdogan Z, Dagoglu T. Alternative therapies for neonatal auto-
immune thrombocytopenia. Vox Sang. 1998;74(3):198-200.

Stanworth SJ, Clarke P, Watts T, Ballard S, Choo L, Morris T, et al. Platelets and Neonatal
Transfusion Study Group. Prospective, observational study of outcomes in neonates with
severe thrombocytopenia. Pediatrics. 2009;124(5):e826-34.

Ronen GM, Penney S, Andrews W. The epidemiology of clinical neonatal seizures in
Newfoundland: a population-based study. J Pediatr. 1999;134(1):71-5.

Hudak ML, Tan RC. Committee on drugs, committee on fetus and newborn, American
Academy of Pediatrics. Neonatal drug withdrawal. Pediatrics. 2012;129(2):e540-60.

Co JP, Elia M, Engel Jr J, Guerrini R, Mizrahi EM, Moshé SL, et al. Proposal of an algorithm
for diagnosis and treatment of neonatal seizures in developing countries. Epilepsia.
2007;48(6):1158-64.

Ronen GM, Buckley D, Penney S, Streiner DL. Long-term prognosis in children with neonatal
seizures: a population-based study. Neurology. 2007;69(19):1816-22.


http://www.lexicomp.com/

Chapter 12
Nonaccidental Injuries in Children

Kee-Chong Ng and Peter Choong-Yi Wong

Key Points

* “CALL DR” is a mnemonic for the key steps in the emergency department
pathway for nonaccidental injury.

* Fractures unusual for the reported mechanism of injury or the developmen-
tal age of the child may indicate NAIL

* Infants who have suffered abusive head trauma (AHT) may present with
apnoea or seizures.

* A diagnosis of NAI should not be made without due consideration of
differential diagnoses such as bleeding disorders and osteogenesis
imperfecta.

Introduction

The problem of nonaccidental injury is huge: the World Health Organization (WHO)
estimates that in the year 2000, there were 57,000 deaths from homicide in children
under 15 years old [1]. In the USA, nonaccidental injury is the third leading cause
of death in children aged 1-4 years [2].

The correct diagnosis and management of nonaccidental injury in one child can
potentially save many lives: at stake are the lives of the presenting victim as well as
others at risk of harm from the same source. A vigilant health professional that
recognises and reports it can break a cycle of recurring violence and redeem for the
child decades of healthy life ahead.
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The spectrum of presentation of nonaccidental injuries is so varied and the indi-
vidual needs of each patient so nuanced that no one algorithm will do the matter
justice. There is however a common pathway that involves a high index of suspi-
cion, good communication, recognition of alerting features and patterns of injury
and overcoming obstacles to report suspected child abuse as mandated by the local
legal framework [3-5].

The key roles of the doctor in the emergency department are to identify possible
nonaccidental injury, investigate or refer onward for investigation, provide medical
treatment, ensure the safety of the patient, document accurately and adequately
and communicate appropriately with law enforcement and child protection
agencies [6].

Definitions

e “Child abuse” or “child maltreatment” can be defined as “any act of omission or
commission by a parent or caregiver that would endanger or impair a child or
young person’s physical or emotional well-being, or that which is judged by
community values and professionals to be inappropriate” [7]. It includes the cat-
egories of physical abuse, sexual abuse, emotional abuse and neglect [1].

* “Nonaccidental injuries” usually refer to physical injuries resulting from abuse
or neglect. There is no clear line separating accidental from nonaccidental inju-
ries, but rather a continuum with a grey zone in the middle where injuries have
not been deliberately inflicted but have resulted, for example, from a caregiver’s
failure to supervise the child or ensure the child’s safety. A child’s injury can be
judged nonaccidental even if there was no intention to cause harm [5].

Clinical Features: General

In a child presenting with an injury, features which may raise the suspicion of non-
accidental injury include [3, 5]:

* No or vague explanation for a serious injury

» Explanation discordant with the nature/severity of the injury (e.g. a toddler with
a femur fracture reported to have “bumped into a chair while walking”)

» Explanation discordant with the age/developmental stage/ability of the child
(e.g. a 2-week-old neonate reported to have “rolled off the bed”)

* Discordant explanations from different witnesses

* Discordant explanations from the same witness at different times (changing
story)

Delay in seeking consultation or unusual patterns of emergency department use
are also of concern.
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No injury should be assessed in isolation. All injuries should be assessed in the
context of:

* The explanation given for the injury

e The child’s medical history/pre-existing illnesses

* Social history

* The developmental age of the child

* Full clinical examination, for other injuries as well as signs of possible differen-
tial diagnoses (e.g. blue sclera of osteogenesis imperfecta)

Clinical Features: Bruising and Other Soft Tissue Injuries

¢ Bruises are the most common form of nonaccidental injuries [8].

¢ Nevertheless, accidental bruising is more common than nonaccidental bruising.

e The location of bruising is important. Accidental bruises tend to occur over bony
prominences and anterior surfaces of the body, such as the forehead, knees and
shins. On the other hand, abusive bruises may occur anywhere on the body, often
away from bony prominences, and are often found on the face, ears, neck, abdo-
men, back and buttocks [8-10].

¢ Particular patterns of bruising, such as clustering of bruises, multiple bruises of
similar shape and size and bruises resembling the shape of an object (such as a
loop or clothes hanger), also suggest nonaccidental injury [8].

¢ The developmental age of the child should be considered. Accidental bruises in
young infants who have not yet learnt to crawl or cruise are rare. From 6 to
12 months old, the head and face are the most common site of accidental bruises;
in ambulant children, the extensor surfaces of the limbs, especially the knees and
shins, are the most common site of accidental bruises [8]. “Bruising before cruis-
ing” should raise concern [11], as should bruises in older children who are not
independently mobile for medical reasons (e.g. cerebral palsy).

¢ Accidental bruises are often small, less than 10 or 15 mm, whereas bruises in
abused children are often larger [8].

¢ It is not possible to accurately determine the age of a bruise from its appearance
or colour [9]. One study in adults and older children suggests that the appearance
of yellow colour may indicate that a bruise is at least 18 h old [12].

e Examples of other soft tissue injuries where the possibility of abuse should be
considered are biting marks (two opposing semicircular arcs of teeth imprints)
and abrasions around the wrists and ankles (caused by rope ties).

Clinical Features: Thermal Injuries

Burns and scalds, both accidental and nonaccidental, are a common reason for
infants and children to be brought to the emergency department. Several distinct
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patterns of nonaccidental thermal injuries are recognised [13, 14]. These
include:

Scalds from forced immersion in hot water. Unlike accidental scalds, forced
immersion scalds typically (but not universally) have features of uniform burn
depth, sharp demarcation lines, symmetrical distribution, absence of splash
marks and sparing of the flexures. A classic example would be of a toddler
forcibly held down in a tub with a shallow level of hot water, thereby sustaining
symmetrical scalds of both buttocks with well-defined “tide marks” reflecting
the depth of immersion and “sock distribution™ scalds of his ankles and feet as
well (see Fig. 12.1).

Contact burns from hot objects, in which the shape of the burn may suggest the
object used (“branding”): e.g. clothes iron, kitchen utensil and hot metal end of
a cigarette lighter. Multiple burns of uniform depth, size and shape may be pres-
ent. Small round, deep, sharply demarcated burns may have been inflicted using
a lit cigarette, often on parts of the body usually covered by clothing (e.g. but-
tocks, genitalia).

Clinical Features: Fractures

Fractures are common in children, accounting for 8—12 % of childhood injuries.
Twelve to 20 % of childhood fractures are attributed to physical abuse, far less
than those due to nonaccidental trauma such as falls and road traffic accidents but
a high enough proportion to warrant consideration of abuse in every case of frac-
ture in a child [15].

There is a strong inverse relationship between a child’s age and the likelihood
that a fracture is nonaccidental: the majority of abusive fractures in children are
in those under 18 months old [16].

Fig. 12.1 Tide mark and sock distribution from immersion injury
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Table 12.1 Strength of association of radiologic findings with child abuse in infants and toddlers

Specificity for child abuse Type and location of fracture

High specificity Classic metaphyseal lesions

Rib fractures, especially posterior
Scapular fractures
Sternal fractures

Moderate specificity Multiple fractures, especially bilateral

Fractures at different stages of healing
Epiphyseal separations

Vertebral body fractures and subluxations
Digital fractures

Complex skull fractures

Common but low specificity (common in both | Linear skull fractures
abuse and accidental injuries) Clavicle fractures

Long bone shaft fractures
Subperiosteal new bone formation

Adapted from Kleinman [17]

T

N\
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ear in CML

Fig. 12.2 Classic metaphyseal lesions in NAI

Multiple fractures, especially if they are at different stages of healing, are strongly
associated with abuse [16].

Some forms of fractures are more strongly associated with abuse than others:
Kleinman’s classification (Table 12.1) is widely quoted and very useful [17]. It
must however be remembered that no fracture is “pathognomonic” of child
abuse. Fractures that are particularly associated with abuse are rib fractures
(especially posteromedial rib fractures), scapular fractures, sternal fractures and
classic metaphyseal lesions of the ends of long bones [17].

Classic metaphyseal lesions (CMLs) are the most common long bone fractures
found in fatally abused infants. They are planar fractures through the metaphy-
sis, most commonly of the distal femur, proximal tibia or distal humerus;
depending on the projection of the radiograph, they appear as “corner fractures”
or “bucket handle fractures” [15] (see Fig. 12.2). Traction or torsion applied
across the metaphysis, such as when an infant’s limb is vigorously pulled or
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twisted, is believed to be the causative mechanism, although the evidence for
this has been challenged [18]. It should nevertheless be noted that breech deliv-
ery and splinting for congenital talipes equinovarus (club foot) may possibly
cause CMLs, and metabolic bone disease may cause a similar radiological
appearance.

* Excluding children involved in violent trauma/motor vehicle crashes, a meta-
analysis estimated the probability of abuse being the cause of a femoral fracture
as 0.43 (95 % confidence interval 0.32-0.54) [16].

* Supracondylar fractures of the humerus are usually accidental, although the pos-
sibility of abuse must still be considered, especially if the child is under 3 years
old; spiralloblique fractures of the humerus, suggesting a possible twisting
mechanism, are more concerning for abuse [16].

* An estimated 30 % of paediatric skull fractures could be due to abuse, with some
studies suggesting that skull fractures that are complex, multiple, bilateral or
cross suture lines are significantly more common in abused children [16].

» Fractures usually associated with accidental causes can also be caused by child
abuse.

 Differential diagnoses of abusive fractures and the role of skeletal surveys in the
investigation of suspected abuse are discussed in subsequent sections.

Clinical Features: Abusive Head Injury

* Abusive head trauma (AHT) is the leading cause of traumatic death in infants, as
well as the leading cause of death due to child abuse [19].

* The peak incidence of AHT occurs at the age of 3—4 months.

* The clinical symptoms and signs of AHT are often non-specific, such as poor
feeding, decreased activity, irritability and vomiting; it is thus easily missed ini-
tially, especially as there is usually no reported mechanism of head injury.

* The infant or child may progress to develop apnoeas (with or without noticeable
cyanosis), seizures, coma or cardiorespiratory arrest.

* Neuroradiological findings associated with AHT are subdural haemorrhage and
cerebral ischaemia [19].

» Retinal haemorrhages are very strongly associated with AHT. A recent meta-
analysis found that the presence of retinal haemorrhages in a head injured child
strongly favours abuse over non-abuse (odds ratio 27.12, 95 % confidence inter-
val 15.70-46.84) [19].

* The same authors found a very strong association between the absence of an
adequate history to explain the head trauma with AHT (odds ratio 46.94 favour-
ing abuse over non-abuse, 95 % confidence interval 12.91-170.63).

e The term “shaken baby syndrome’ has been used to describe the triad of subdural
haemorrhage, cerebral oedema and retinal haemorrhages. The presence of this
triad is believed to strongly suggest abuse. Shear forces due to violent shaking of
the infant’s head are believed to cause tears in the fragile bridging veins in the



12 Nonaccidental Injuries in Children 229

subdural space, leading to subdural bleeds. These forces are believed to also
cause retinal haemorrhages, and acceleration/deceleration forces may account
for the cerebral oedema. There is significant support for this from biomechanical
studies and case series where perpetrators had admitted to only shaking infants
who developed this triad of findings [20]. However, there have also been
significant challenges to this theory in the scientific and legal communities. The
American Academy of Paediatrics (AAP) holds the view that shaking is an
important mechanism of AHT. However, recognising that blunt impact alone, or
a combination of blunt impact and shaking, can also cause infant head injuries,
the AAP holds the view that “shaken baby syndrome is a subset of AHT” and
recommends that “paediatricians should use the term ‘abusive head trauma’
rather than a term that implies a single injury mechanism, such as shaken baby
syndrome, in their diagnosis and medical communications” (2009 AAP policy
statement) [20].

» Retinal haemorrhages while highly suggestive of shaken baby syndrome can also
result from cardiopulmonary resuscitation (particularly in children less than
2 years of age), accidental head injury, blood dyscrasias and coagulation defects,
severe hypertension, following birth trauma and post-seizure as well as from
infections (rickettsia, cytomegalovirus and falciparum malaria) and from arterial
aneurysms/arteriovenous malformations, etc.

Differential Diagnosis

* Always consider other causes when considering the possibility of nonaccidental
injury.

* Bleeding disorders (e.g. haemophilia, von Willebrand disease, thrombocytope-
nic purpura) may present with multiple bruises, although not usually patterned
bruising.

* Impetigo may be mistaken for cigarette burns; Steven-Johnson syndrome (SJS)
or toxic epidermal necrosis (TEN) may present with lesions resembling scalds.

* Acid stool burns, such as those caused by the ingestion of senna laxative, can
cause erythema and blistering of the buttocks mimicking immersion scalds.
However, unlike immersion scalds, acid stool burns do not spare the perianal
skin and intergluteal cleft and are less likely to have sharp demarcations.

* Osteogenesis imperfecta may present with multiple fractures or fractures after
minimal trauma, usually accompanied by other clinical and radiological features
of the disease (e.g. blue sclera in some forms, poor dentition, short stature, osteo-
penia on x-rays). Vitamin D deficiency rickets and osteopenia of prematurity
may present with fractures in infants. Scurvy and osteomyelitis may mimic clas-
sic metaphyseal lesions [15].

e Cultural practices that do not put the child at significant harm, such as moxibus-
tion and coining, are generally not considered as abuse by leading international
child abuse experts the authors have spoken to.
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Investigations

* Local guidelines may determine where radiological and laboratory investigations
for child abuse are conducted (in the emergency department, in the paediatric
clinic or as an inpatient) and exactly which tests are done.

Skeletal Survey

* Abused children presenting with various injuries (including one or more identi-
fied fractures) often also have clinically occult fractures resulting from abuse; a
skeletal survey is a specialised set of at least 20 separate plain radiographs (not a
single whole-body film) used to screen for these occult fractures in the workup
of suspected abuse.

* The American Academy of Paediatrics recommends that a skeletal survey be
done for:

— All children with fractures suspected to be due to abuse
— Children under 2 years old with any suspicious injuries [3]

More detailed guidelines, considering fracture types and age subgroups, have
recently been proposed [21].

Screening for Bleeding Disorders

¢ For children presenting with bruises or intracranial haemorrhage suspected to be
due to abuse, the American Academy of Paediatrics recommends a panel of:

— Clotting screen and DIC panel (D/dimer and fibrinogen)
— von Willebrand factor antigen

— von Willebrand factor activity (ristocetin cofactor)

— Factor VIII level

— Factor IX level

— Complete blood count with platelet count

Neuro-imaging

¢ An infant with suspected abusive head injury should be investigated with neuro-
imaging modalities (computed tomography, magnetic resonance imaging) and
also referred to an ophthalmologist early to look for retinal haemorrhages.
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Management

* Protocols for the management of suspected/alleged nonaccidental injury are coun-
try and centre specific. In terms of evaluation of suspected abuse, guidelines from
the American Academy of Paediatrics [3] and the UK National Institute for Health
and Care Excellence (NICE) [4] are widely referred to beyond these respective
countries. In many jurisdictions, healthcare providers are mandated by law to report
a reasonable suspicion of child abuse to child protection services or the police. The
procedures followed by these agencies upon receiving a report, and the role of vari-
ous child abuse professionals throughout the process, vary between countries.

e In a child who is medically unstable, the emergency physician’s priority is to
stabilise the child/acutely treat the medical emergency, ahead of forensic exami-
nation [6].

* Apart from identifying possible abuse, investigating appropriately and providing
medical treatment, the emergency physician has further key responsibilities of:

— Ensuring the child’s safety: this may involve admitting the child to hospital as
a place of safety or securing a safe transfer to a paediatric hospital

— Accurate and adequate documentation, as the medical records may be critical
to subsequent child protection and law enforcement interventions

— Unbiased communication with child protection and law enforcement agencies

— Unbiased court testimony if called upon to testify in court [6]

*  Where possible, an immediate child abuse paediatric consultation in the emergency
department is ideal. Or else the child with suspected nonaccidental injury should be
referred to a quaternary paediatric hospital with a specialist child abuse team.

A “Pathway” for the Emergency Department Evaluation
and Management of Nonaccidental Injury: The “CALL DR”
Mnemonic

The authors propose the novel mnemonic of “CALL DR” as an easily remembered
guide to six key steps in the evaluation and management of nonaccidental injury.
These steps are adapted from previously published guidance [3, 4]. See Table 12.2
for a safeguarding checklist:

C — Consider
A — Ask

L — Listen

L — Look

D — Document
R — Refer
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Table 12.2 Safeguarding checklist

Is an interpreter needed?

Has there been a delay in seeking medical help?

Is there an unexplained or unwitnessed injury?

Is there injury consistent with the history given?

Is the injury consistent with the child’s developmental stage?

Are there any concerns about the child’s reaction or behaviour?

Are there any concerns about the child’s care e.g. presentation, supervision?
Are there concerns about the parent/child interaction?

<R R K =
z\z\z\z\z|Zz|ZzZ

Is a safeguarding assessment required?
If ‘Yes’ refer to Paeds ED Consultant or Paeds Registrar

Consider

* Consider the possibility of child abuse in every consult with a child.
* Consider if the injury is consistent with the explanation given and the child’s
developmental age

Ask

* Ask how the injury occurred with open-ended questions, in a non-accusatory tone.

* Ask other relevant past medical history (previous injuries, chronic conditions),
family history (bleeding disorders, bone disorders), developmental history, the
child’s temperament (“difficult” children are at higher risk of nonaccidental
injury) and stressors in the family.

Listen

» Let the parent/caregiver, and also the child if he/she is able to, tell what happened
in their own words.
» Listen attentively for points that fit the injury, as well as points that don’t fit the injury.

Look

* Assess the injury/physical findings independently of the story and then decide if
they are concordant or discordant. Don’t try to make the injury fit the story.

* Look carefully for any other injuries or signs of possible abuse (not forgetting to
check often-missed sites such as behind the ears or the groin).



12 Nonaccidental Injuries in Children 233

* Look at the child’s demeanour and interaction with the parent/caregiver (a with-
drawn child or one clearly fearful of the parent/caregiver should raise concern).

Document

¢ Document in the clinical record exactly what was said or heard by whom and
when and what was observed by you at the time of consultation.

¢ Document exact findings including location, nature, colour and measurements of
lesions, using diagrams if possible. Consider using forensic photography where
available.

* Document your concerns and why you are concerned.

Refer

* Refer to the appropriate team such as the paediatric consultant/child abuse pae-
diatric team, social workers =+ police according to local policies

Conclusion

Diligent and skilled evaluation along with non-judgemental communication is criti-
cal when a child is being evaluated for possible nonaccidental injury.

A child whose safety from further harm has not been adequately determined
should not be discharged home and should be considered for admission whilst
further enquiries are being carried out.
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Chapter 13
Paediatric and Newborn Resuscitation

Martin Gray and Nadeeja Koralage

Key Points

* Children have unique physiology which directs resuscitation.

* Most cardiac arrests in children are due to hypoxia.

* A systematic approach should be used when assessing children.

Introduction

Worldwide, 10.5 million children under 5 years of age die each year. Many children
die of preventable causes [1]. Infectious diseases such as gastroenteritis, pneumonia
and malaria are the major causes of child death in developing countries.

Resuscitation and Shock [2]

Resuscitation is the restoration of the functions of life after their loss in the presence
of a shock state. Shock is the failure of tissue perfusion or of delivery of oxygen that
will ultimately lead to cell death; this will in turn lead to the death of the organism
if medical intervention aimed at reversing this process is not instituted. Even when
life is preserved, morbidity from shock can affect many organ systems resulting in
hypoxic ischaemic brain damage, acute kidney injury, gut ischaemia, cardiac failure
and acute respiratory distress syndrome.
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Shock States

Hypovolaemic shock (haemorrhage, burns, dehydration)
Signs in children: tachycardia; low-volume pulse; cold, pale, clammy skin;
tachypnoea; depressed conscious level and hypotension (preterminal in children)
Distributive shock (sepsis, anaphylaxis, neurogenic shock)
Two types

Warm shock: tachycardia, large-volume pulse and warm skin
Cold shock: tachycardia, low-volume pulse and cool skin

Hypotension in both scenarios is a late sign.

Cardiogenic shock (arrhythmia, heart failure)

Signs may be characterised by the nature of the arrhythmia ultimately leading to
signs of low cardiac output and congestion of the lungs and viscera.

Obstructive shock (pneumothorax, cardiac tamponade, pulmonary embolism)

Signs of low cardiac output are reversed by removal of obstruction.

Principles of Fluid Resuscitation in Shock

It is not always possible to differentiate between the different shock types at the point
of presentation. Once arrhythmia is excluded as a cause, a pragmatic approach to shock
is to attempt fluid resuscitation as both a treatment and a diagnostic intervention. In
most cases an aliquot of 20 ml/kg is the standard dose as an initial intervention. Close
observation of the response to fluid can help to differentiate the shock state and guide
your next move (i.e. drop in heart rate may suggest hypovolaemic or distributive shock,
whereas increased heart rate might suggest cardiogenic shock). Tissue perfusion itself
cannot be measured directly as an end point. Surrogate markers are used such as urine
output (target of 1-2 ml/kg/h), mean arterial pressures (although this can be unreliable
due to compensatory vasoconstriction) and central venous pressure trends.

Cardiorespiratory Arrest

If untreated, shock can lead to cardiorespiratory arrest. In children the outcome is
extremely poor. The key to prevention is to recognise the pattern of illnesses that
precede arrest and to treat them aggressively.

In the paediatric population, the most common cause of cardiorespiratory arrest
is hypoxia. This can be caused by:

» Respiratory pathology — birth asphyxia, asthma, bronchiolitis and pneumonia
* Neurological dysfunction

Most other arrests are due to circulatory failure as depicted below (Fig. 13.1).
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croup raised ICP vomiting cardiac failure
Respiratory failure Circulatory failure

Cardiac arrest

Fig. 13.1 Cardiac arrest in children: aetiologies (Adapted with permission [3])

Approach to Resuscitation

A child should first be assessed for responsiveness. This can be done by firmly hold-
ing the shoulders and squeezing and speaking loudly to assess for a response. An
appropriate verbal response informs us that the airway is patent and the child has a
sufficient blood pressure for mentation.

Airway

A hoarse voice or lack of a response tells us that there may be an obstruction or the
airway is not patent. The airway should be examined to look for the cause of
obstruction:

* A foreign body can be removed using McGill’s forceps.

* Vomitus or blood can result in a noisy, gurgling respiratory effort and can be
cleared by using a Yankauer catheter to direct suction, where directly
visible.

Airway manoeuvres and adjuncts are simple techniques that can be used with
great effect. In the unconscious patient, the aim is to maintain a patent airway, often
obstructed by the tongue.

Chin lift in infants keeps the infants” head in the neutral position as overextension
of the neck can obstruct the airway.
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Head tilt and chin lift in children. Place one hand on the forehead to apply gentle
pressure to bring the child’s head into the sniffing position. Use the other hand to
apply pressure under the mandible to bring the chin upwards slightly (Fig. 13.2).

If the head tilt/chin lift manoeuvre is not possible due to suspicion of c-spine
injury, then a jaw thrust can be performed.

Jaw thrust — place the index and middle fingers underneath the angle of the man-
dible and lift the jaw forwards. This lifts the tongue away from the back of the
throat.

During these manoeuvres always take care to only apply pressure to bony promi-
nences and not soft tissues. Once an airway manoeuvre has been carried out, assess
its effectiveness. Look, listen and feel for chest wall movement, breath sounds or the
feel of breath against your cheek (Fig. 13.3). If supplemental oxygen is being
applied, is the mask fogging with breath?

Airway adjuncts may also be used.

A Guedel airway can be sized by measuring it against the distance from the tra-
gus of the ear to the corner of the mouth. It is inserted by opening the mouth and
passing it over the tongue into the oropharynx. If a Guedel airway adjunct is toler-
ated, this would suggest that the child does not have a gag reflex and a definitive
airway is likely to be needed.

If a Guedel is not tolerated, a nasopharyngeal airway can be used. Visual approx-
imation can be used to pick the correct size, and this is passed through a nostril in a
direction that is perpendicular to that of the plane of the child’s face. It is theoreti-
cally possible to pass the airway through the cribriform plate into the brain if a base
of skull fracture is present, which is why they are avoided in children who may have
sustained a head injury. Both of these adjuncts can cause local trauma and bleeding
and should be avoided if passage is difficult so as not to compromise the airway
further.

Fig. 13.2 Head tilt and
chin lift in children
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A child who cannot protect their own airway and who is at risk of aspiration will
need intubation. This should be carried out by a practitioner who is experienced in
intubating children as it has its unique technique, equipment and risks. Straight
blade laryngoscopes are used to directly lift the epiglottis. This stimulation can
cause a reflex bradycardia.

Breathing

Supplement high-flow oxygen via a non-rebreather mask with an oxygen reservoir.

Respiration should be assessed by inspection of the chest wall — looking for the
depth and rate of breathing and signs of increased work of breathing (tracheal tug,
intercostal and subcostal recession). An increased respiratory rate is sometimes the
first sign of shock. Table 13.1 shows the normal resting respiratory rate for different
age groups. Nasal flaring is suggestive of respiratory distress.

Inspiratory noise, stridor, suggests that there is a tracheal or laryngeal airway
obstruction. Expiratory noises, or wheeze, point towards lower airway constriction.
Grunting in infants is called by the need to air trap against a partially closed epiglottis

Fig. 13.3 Head tilt + chin
lift + mouth-to-mouth
breathing

Age (years) | Respiratory rate (breaths per minute)

<1 30-40
1-2 25-35
2-5 25-30
Table 13.1 Normal 5-12 20-25
>12 15-20

respiration rates at rest by age



240 M. Gray and N. Koralage

to prevent end-expiratory lower airway collapse in young children with stiff lungs.
The volume of these added noises does not indicate the severity of the child’s condi-
tion — in fact, a silent chest on auscultation is a worrying, preterminal sign.

Pulse oximetry is very helpful, especially when the child is breathing normal air.
Keep in mind that normal levels may not reveal a child’s true respiratory distress if
they are breathing supplemental oxygen, and it is not a true marker of efficient ven-
tilation, but oxygenation.

A hypoxic child may present as agitated or irritable. Central cyanosis is a late
sign and will not occur until oxygen saturations are below 70 %. Hypercapnia can
result in drowsiness or unconsciousness.

Carbon monoxide monitors are helpful to both monitor ventilation and confirm
endotracheal tube placement. They can form part of the child’s ventilator circuit.

In the absence of respiratory effort, or what appears to be ineffective breathing, five
rescue breaths should be given via a bag-valve mask with supplementary oxygen.

A firm seal should be made around the child’s mouth and nose and five slow
breaths should be administered, checking for chest wall rise and fall with each. If
there is an absence of chest wall movement, the child’s position should be reas-
sessed and optimised.

Circulation

Once rescue breaths have been administered if necessary, a central pulse should be
assessed for rate, rhythm and character. In infants this should be done using the
brachial artery and in older children using the carotid or femoral pulse.

Tachycardia can be an early sign of infection, shock, pain or respiratory distress.
Bradycardia is a worrying, late sign of shock and suggestive of a preterminal state.
Table 13.2 depicts the normal heart rates for different age groups.

A weak radial pulse and cool peripheries may be suggestive of poor perfusion,
whereas a bounding pulse points towards carbon dioxide retention or sepsis.

Capillary refill assessment is carried out by blanching the skin by pressing the
sternum firmly using a finger. This is held for 5 s before the finger is removed,
and the seconds the skin takes to recolour are counted. A normal capillary refill
is <2s.

In the absence of a palpable pulse, or a rate of <60 beats per minute, chest com-
pressions should be started immediately. This assessment should take no longer
than 10 s (Fig. 13.4).

Age (years) Heart rate (beats)
<1 110-160
1-2 100-150
2-5 95-140
Table 13.2 Normal heart >-12 80-120
>12 60-100

rates by age
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Effective compressions are:

* Carried out with the child lying on their back on a flat surface.

* Done at a rate of 100—120 per minute.

* Pressure is applied over the lower half of the child’s or infant’s sternum.
e At adepth of a third of the patient’s chest.

e With full recoil of the chest wall in between each compression.

In infants, the torso should be encircled with both hands (Fig. 13.5), with thumbs
meeting over the lower half of the sternum to apply the pressure needed. This tech-
nique is best done when there is another rescuer to administer ventilations with a
bag-valve mask.

If only one rescuer is present, a two-finger technique (Fig. 13.5) is used to apply
compressions over the same site.

In children, the heel of one hand is placed over the lower half of the sternum,
with the rescuers’ elbows straight and their arm perpendicular to the child’s chest.

In older children or adolescents, both hands can be used with fingers interlocking
(Fig. 13.6).

‘ UNRESPONSIVE? ’

A

‘ Shout for help ’

\

‘ Open airway ’

!

‘ NOT BREATHING NORMALLY?

Y

‘ 5 rescue breaths

!

‘ NO SIGNS OF LIFE? ’

y

15 chest
compressions

!

‘ 2 rescue breaths

Fig. 13.4 Paediatric basic

life support (Adapted with
permission [3]) Call resuscitation team

15 compressions
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Fig. 13.5 Chest compression techniques in infants

Fig. 13.6 Chest compression techniques in adolescents

Compressions are carried out at a rate of 15 is to every two ventilations.
In a cardiac arrest, it is vital to ascertain the cardiac rhythm and perform advanced
life support (Fig. 13.7).

Non-shockable Rhythms

Asystole

This rhythm is most commonly seen in children after prolonged period of hypoxia.
Its appearance on the monitor is that of a wavy line. A completely flat line may
indicate a disconnection so check the equipment.
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Paediatric
Advanced Life Unresponsive?
Support Not breathing or
only occasional gasps
CPR Call
(5 initial breaths then 15:2) | resuscitation team
Attach defibrillator/monitor (1 min CPR first,
Minimise interruptions if alone)
Assess <
( rhythm )
Shockable » < | Non-Shockable
(VF/Pulseless VT) ‘ (PEA/Asystole)
A Y A
Return of
1 Shock spontaneous
4 Jikg circulation
Y \
Immediately resume Immediate post cardiac Immediately resume
\]  CPRfor2min arrest treatment CPR for 2 min
minimise interruptions © Use ABCDE approach minimise interruptions

® Controlled oxygenation and
ventilation

® |nvestigations

® Treat precipitating cause
® Temperature control

® Therapeutic hypothermia?

/

® Ensure high-quality CPR: rate,
® Give oxygen

@ Give adrenaline every 3-5 min

airway in place

® Correct reversible causes

During CPR

® Plan actions before interrupting CPR
® Vascular access (intravenous, intraosseous)

® Consider advanced airway and capnography
® Continuous chest compressions when advanced

™

® Hypoxia
@ Hypovolaemia

depth, recoil

@ Hypothermia

® Toxins

_/

Reversible Causes

® Hypo-/hyperkalaemia/metabolic

® Tension pneumothorax

® Tamponade-cardiac
® Thromboembolism

Fig. 13.7 Advanced paediatric life support algorithm [3]
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Pulseless Electrical Activity (PEA)

Recognisable complexes in the absence of signs of life and a pulse are known as
PEA. It may be associated with a reversible cause such as hypoxia, hypovolaemia,
tension pneumothorax, cardiac tamponade, hypothermia and electrolyte distur-
bances. It is important to consider and treat these causes if they are suspected.

Both of these rhythms share the same management — effective compressions with
ventilations. It is important that a competent clinician intubates the patient as soon
as possible to allow for continuous ventilations (10-12) alongside compressions.

Adrenaline should be given as soon as a diagnosis of asystole or PEA is made.
Ten micrograms/kilogram is given. This dose is repeated every 3—5 min until there
are signs of life or a palpable pulse over 60 bpm.

Shockable Rhythms

Ventricular Tachycardia

This is a broad complex tachycardia which in children is mostly associated with no
cardiac output.

Ventricular Fibrillation

A chaotic, irregular waveform is never associated with a cardiac output.

These rhythms require a DC shock of 4 J/kg. Following the shock, compressions
and ventilations should be restarted immediately as even if a shock is successful, the
first few seconds following are unlikely to result in a significant cardiac output.
Adrenaline (10 pg/kg) is given after the third shock (IV or I0) and then adminis-
tered with alternate cycles.

Amiodarone is given after the third and fifth shock only (5 pg/kg IV or 10).

Disability

A child’s alertness can be assessed by using ‘AVPU’. This is a technique which
formalises whether the child is alert or responding to verbal or painful stimulus or
is unconscious. A response to only pain suggests that the patient’s GCS is 8 or less.
Pupils and their reflexes should also be assessed at this stage. Very dilated or
pinpoint pupils with sluggish reactions are suggestive of possible overdose of ben-
zodiazepines or opiates. Dilated pupils which are unreactive following trauma may
indicate raised intracranial pressure and compression of the ophthalmic nerve.
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In children who are unwell, it is vital to check blood glucose. Insulin-dependent
diabetes can present with vomiting and malaise or concurrent infection. Conversely,
seizures can be caused by low blood sugar levels. Low blood glucose (<3 mmol/l)
is treated with a buccal glucose gel or an IV bolus of 2 ml/kg 10 % glucose.

Remember to consider and treat infective causes of reduced GCS.

Exposure

Due to their high surface area, if exposed for examination, paediatric patients
lose body heat rapidly. Care should be taken to avoid the patient becoming
hypothermic.

Pyrexia and hypothermia can indicate an infective cause.

A top-to-toe examination should be carried out to look for focuses of infection
and rashes which can evolve quickly. Petechiae and purpura should direct the clini-
cian to possible life-threatening bacteraemia. In some cases, a few petechiae can be
seen following prolonged vomiting, but these can only be attributed to this cause if
they are above the nipple line and other causes have been excluded.

While examining and treating children, it is important to always be mindful of
nonaccidental injury.

Reversible Causes
Consider the possible reversible causes of cardiac arrest 4 Hs and 4 Ts as illustrated
in Fig. 13.7.

Newborn Resuscitation

Contractions which push a baby through the birth canal result in periods of relative
hypoxia. Before birth, babies’ lungs are filled with fluid, and as a result, newborn
babies are far more likely to need resuscitation due to respiratory, rather than car-
diac, origin.

Dry, Warm and Assess the Baby

Wet babies will rapidly lose heat which in turn will put them at greater risks of
metabolic acidosis. Dry and warm the baby using towels, under a heat lamp. Remove
used, wet towels and wrap in a dry towel.
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During this time, assess the baby’s appearance (pink or blue in colour) and tone.
(Is it limp, floppy or appears to be significantly preterm?)

Rubbing the baby dry will cause stimulation and this is normally enough to elicit
normal breathing and crying.

In the absence of normal breathing, or with a heart rate of below 100 beats per
minute, rescue breaths are required. Using a stethoscope is the most accurate method
of assessing the heart rate.

Inflation Breaths and Compressions

Ensuring the newborn’s position is optimal (neutral position) to the airway. Most
newborn babies will have a prominent occiput that will flex the neck when the baby
is placed on a flat surface. To overcome this, place a folded towel under the shoul-
ders of the baby as shown in Fig. 13.8. Take extreme care not to overextend the neck
as this too will compromise the baby’s airway.

Suction can be used to remove blood, meconium or other fluid. Gentle suctioning
using a soft catheter offers further stimulation. If no respiratory attempts are made,
administer five inflation breaths.

This can be done using a soft face mask and t-piece or self-inflating bag-valve
(Fig. 13.9) mask with supplementary oxygen of 4-6 1. Each breath should last for
2-3 s using no more than 30 cm of water pressure, and the chest wall should be seen
to rise a little.

After five inflation breaths, reassess for spontaneous respiratory effort and heart
rate. If there is no improvement, repeat the five inflation breaths, after repeating
airway opening manoeuvres.

If the heart rate does not improve after this, compressions are necessary (see
earlier for technique). Perform three chest compressions to each breath. The rate
should be at 120 compressions per minute. Reassess the heart rate every 30 s. Follow
the newborn life support algorithm as shown in Fig. 13.10.

If there is no improvement, certain drugs (BAD mnemonic) can be used to
reverse intracardiac acidosis, increase volume and cardiac output and correct hypo-
glycaemia via umbilical venous catheter.

Fig. 13.8 Optimal airway
positioning of a newborn
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Fig. 13.9 BVM ventilation of the newborn

Bicarbonate —
1-2 mmol/kg (2—4 ml/kg of 4.2 %)
This can partially correct the baby’s metabolic acidosis to improve cardiac
function.

Adrenaline —
10 pg/kg (0.1 ml/kg of 1:10,000)
This can also be given via the intra-osseous route.

Dextrose —
250 mg/kg (2.5 ml/kg of 10 %)
Blood glucose levels decrease after birth and should be managed with an infu-
sion following an initial bolus.

Crystalloid infusion — 10 ml/kg

Bradycardia may respond to a fluid bolus. If the primary problem is hypovolae-
mia, a subsequent blood transfusion may be necessary.

If there is no improvement in the baby’s condition after drugs are given, the out-
come is likely to be poor.

It is vital to seek appropriate help when treating a seriously unwell baby.
Unfortunately, resuscitation attempts are often unsuccessful once cardiopulmonary
resuscitation is required. A decision to stop resuscitation attempts is a difficult one,
but prolonged attempts are unlikely to be successful. If they wish to be present, it is
appropriate for the child’s parents to witness the attempts made to resuscitate their
child.
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Newborn Life Support

Dry the baby Birth
Remove any wet towels and cover
Start the clock or note the time

Y

Assess (tone), breathing and heart rate 30s
Y

If gasping or not breathing:
Open the airway
Give 5 inflation breaths
Consider SpO, monitoring 60 s

Y

Re-assess
If no increase in heart rate
look for chest movement

Y
If chest not moving: Acceptable*
Recheck head position pre-ductal 5p0,
Consider 2-person airway control 2 min 60%

and other airway manoeuvres

: ) 3 min 70%

Repeat inflation breaths 4 min 80%
Consider SpO, monitoring 5 min 85%
Look for a response : °

10 min 90%

)

If no increase in heart rate
look for chest movement

Y

When then chest is moving:
If heart rate is not detectable
or slow (< 60 min-1)

Start chest compressions
3 Compressions to each breath

Y

Reassess heart rate every 30 s
If heart rate is not detectable
or slow (< 60 min-1)
consider venous access and drugs

Fig. 13.10 Newborn life support algorithm (Adapted with permission [4])
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A return of spontaneous circulation calls for a reassessment of all systems. The
child should be transferred, when safe to do so, to an appropriate area for their ongo-
ing stabilisation and care.

Aide memoire

Drugs and other useful calculations (WET FLAG) in paediatric resuscitation

Adrenaline

Cardiac arrest (IV) 0.1 mg/kg (1:10,000)

As soon as in asystolic cardiac arrest

After third shock in VF/VT arrest

Anaphylaxis (IM) >12 years of age 0.5 mg (1:1,000)
6-12 years of age 0.30 mg (1:1,000)
<6 years of age 0.15 mg (1:1,000)

Amiodarone after 3rd shock

Pulseless VT and VF (IV) 5 mg/kg

Bicarbonate 1 ml/kg of 8.4 % solution if required
Calcium 0.3 ml/kg of 10 % calcium gluconate
Hyperkalaemia, hypocalcaemia

Dextrose 2 ml/kg of 10 % solution
Magnesium 25-50 mg/kg

Torsades de pointes (form of VF)

Weight: 0—12 months = 0.5 x age in months + 4
1-5 years = 2 x age in years + 8
6-12 years = 3 x age in years + 7
Energy =4 J/kg
Tracheal tube:
Int. diameter (mm) = (age/4) + 4
Length (oral) (cm) = (age/2) + 12
Length (nasal) (cm) = (age/2) + 15
Fluid bolus = 20 ml/kg
(aliquots of 10 ml/kg in trauma)
Lorazepam = 0.1 mg/kg
(maximum of 4 mg)
Adrenaline = 0.1 ml/kg of 1:10,000
Glucose = 2 ml/kg 10 % dextrose
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Chapter 14
Respiratory Emergencies in Children

S. Thangavelu, R.C. Sharada, and N. Balamurugan

Key Points

* Focused clinical observation is the key in the initial recognition of respira-

tory distress in an acutely ill child.

» Early diagnosis and urgent treatment improve the chances of recovery in

critically ill child, presenting with respiratory distress or failure.

» Diagnosing the underlying aetiology is usually possible on clinical
grounds, and laboratory investigations are very few and are carried out

only after the initial stabilisation.

* Monitoring and management in PICU particularly ventilatory support for
both invasive and non-invasive has improved the prognosis to a greater extent.
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S. Thangavelu et al.

An Approach to a Child with Respiratory Distress
and Respiratory Failure

Introduction

Fever and respiratory distress are the most common reasons for hospital visit by an
acutely ill child. A child with respiratory distress (RD) can quickly worsen to respi-
ratory failure (RF) and finally to cardiac arrest if left untreated [1]. Hence a precise
recognition and management is essential (Flowchart 14.1). As a part of the initial
primary survey, look for the three “E”— effort, efficacy and effect of breathing [2].

* Effort of breathing — Increased effort or work of breathing if the following is pres-
ent: tachypnoea, sternal/subcostal/intercostals recession, use of accessory mus-
cles, flaring of ala nasi and stridor/wheeze/grunt. Subcostal recession is more
significant than intercostal recession. Bradypnoea is a sign of exhaustion and
suggests impending respiratory arrest. Increased work of breathing may be absent
in central causes like CNS depression and peripheral nervous system failure as in
Guillain-Barre syndrome. Check respiratory rate for 30-60 s (Table 14.1).

Approach to a child with
respiratory distress/respiratory failure

1.Check respiratory rate [30 — 60 Secs]
2.Look for signs of increased work of breathing

Normal

|
ﬂRR

Normal Wob

| Effortless tachypnea

Abnormal

F\‘|R1]

woB |

Respiratory distress

Upper airway
obstruction

RR

g

wos [|

| Respiratory failure## |

Lower airway
obstruction

Lung pathology

Cardiac pathology

Cardiac failure

Disordered
control
of breathing

.

(pulmonary edema)
Croup Asthma Parenchymal: Pleural "
Epiglottitis Bronchiolitis Pneumonia Pleural Central gel_';lphetr)al
Foreign body Foreign body ARDS Effusion -Seizure S”'da'" arre
Tracheitis Pneumonia Pneumothorax -Traumatic brain ynarome
Empyema injury

Flowchart 14.1 Approach to a child with respiratory distress/respiratory failure
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Table 14.1 Differences between effortless tachypnoea and respiratory distress

Effortless tachypnoea Respiratory distress

1. RR alone increased 1. RR is increased

2. WOB normal 2. WOB increased

3. No noisy breathing 3. Noisy breathing may be present
4. No respiratory findings on auscultation 4. Diminished breath sounds, crepts

W

. SpO, may be normal in room air

or wheeze on auscultation

W

. SpO, may be decreased

. Occurs due to non-respiratory causes (DKA, renal 6. Occurs due to respiratory causes

failure, poisoning with salicylates or isoniazid, etc.)

Efficacy — Impaired efficacy of breathing is suggested by reduced chest expan-
sion, diminished air entry and reduced SpO, on pulse oximeter.

Effort of breathing — Cyanosis, tachycardia and altered mental status such as
confusion or agitation would suggest reduced oxygen delivery. As per Integrated
Management of Neonatal and Childhood Illnesses (IMNCI), fast respiratory rate
(RR) was found to be the only clinical sign with high specificity and sensitivity
in the diagnosis of pneumonia. RR has to be counted meticulously for 30-60 s in
every child seeking medical help. Bradycardia in the presence of a respiratory
distress would suggest impending cardiac arrest.

Underlying Causes of Respiratory Distress/Failure

There are many causes for respiratory distress, important ones are listed below:

1.

AW

Upper airway obstruction: Viral croup, epiglottitis, diphtheria, bacterial
tracheitis, retropharyngeal abscess

Lower airway obstruction: Bronchiolitis, viral wheeze, asthma and foreign body
airway

Lung parenchymal disease: Pneumonia, ARDS, collapse

Pleural disease: Pneumothorax (Fig. 14.1)

Cardiac illness: Pulmonary oedema (Fig. 14.2)

Neurological causes for pump failure or respiratory failure: Central causes —
drug poisoning, traumatic brain injury, Guillain-Barre syndrome, etc.

Relevant Questions and Stepwise Management

Following questions should be raised, and answers sought while evaluating a child
with respiratory distress or respiratory failure.

1.
2.
3.

Does the child have features of respiratory failure or respiratory distress?
What is the initial management?
What is the anatomical diagnosis?
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Fig. 14.1 Bilateral
pneumothorax

Fig. 14.2 Vitamin D
deficiency cardiomyopathy
with features of cardiac
failure
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Table 14.2 Identifying the anatomical site based on clinical signs
Rise in
Anatomical Noisy respiratory | Predominant
diagnosis breathing | rate retractions Resonance | Others
1. Upper AW Stridor ++ Suprasternal | Normal
obstruction sternal
2. Lower AW Wheeze | +++ Intercostal Normal
obstruction recession
(ICR),
subcostal
(SCR)
3.a. Lung Grunting | ++++ ICR, SCR Impaired
parenchymal
3.b. Pleural Same Same Same Stony
dullness
3.c. Cardiac Same Same Same Normal Gallop, murmur,
hepatomegaly,
oedema
4. Disordered No Normal or | No Normal Shallow breathing,
control of bradypnoea see-saw
breathing respiration, low

voice volume

4. Which laboratory tests need to be done?
5. What is the specific management plan?

RD is an early stage of physiological disturbance. After the initial steps to correct

hypoxia (this may require high-flow nasal cannula or non-invasive ventilation or intu-
bation), specific management should be provided based on the underlying illness.
Respiratory rate, respiratory effort, level of consciousness, trends in oxygen satura-
tion via pulse oximeter (Sp0O,), response to oxygen therapy and looking for signs of
improvement or worsening are the most important components of monitoring.

Exact anatomical site of the underlying disease can be inferred by careful

stepwise evaluation (Table 14.2).

If the child is presenting with wheeze, absence of fever, or cardiac symptoms and
past history of response to nebulisation, it will support the diagnosis of under-
five wheeze or asthma in children above 5 years.

Child (6 months to 2 years of age) with rhinorrhoea, low-grade fever, cough fol-
lowed by noisy breathing, stridor and sternal and suprasternal retractions — viral
croup causing stridor.

Child above 3 years of age with high-grade fever, soft stridor, toxaemia, drooling,
dysphagia with sniffing position — epiglottitis, rare but potentially fatal disease.
Toddler developing breathlessness for the first time, dramatic onset, found to be play-
ing with small round objects such as a button battery or a coin (Fig. 14.3) — choking due
to foreign body in the airway presenting with obstructive emphysema or collapse.
Child with high-grade fever, cough, fast breathing, grunting, subcostal and inter-
costal retractions, no past history of breathlessness — pneumonia. Suspect empy-
ema if there is stony dullness and absent breath sounds on one side.
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Fig. 14.3 Button Battery
in the cricopharynx

* Child with acute-onset breathlessness, grunting without fever, lethargy, puffiness
of face, disproportionate tachycardia, gallop with or without murmur, hepato-
megaly — myocarditis or dilated cardiomyopathy.

* With the above said features, if the child has pericardial rub or muffled breath
sounds and pulsus paradoxus suspect pericardial effusion.

 If the child has low voice volume, floppiness, weak cough, bradypnoea, see-saw
breathing and shallow breathing, it is indicative of acute flaccid paralysis affecting
respiratory muscles — respiratory failure due to disordered control of breathing.

e Similar situation in a different presentation will be seen in a child with acute

seizures.

Laboratory Investigations

e Common indications for CXR in a child with respiratory distress are pneumonia,
pulmonary oedema, suspected pneumothorax and foreign body inhalation.
Cardiomegaly, collapse or congenital anomalies like eventration of diaphragm,
congenital lobar emphysema, bronchogenic cyst or diaphragmatic hernia are
sometimes seen as surprise.
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* See chapter on Stridor for other disease-specific investigations.

* Blood counts and blood culture: Any radiological shadow in the background of
fever is an indication for antibiotic in paediatric emergency department, but FBC
and CRP will aid in suggesting a bacterial aetiology if not confirming. Blood
culture is rarely positive in pneumonia unless there is septicaemia.

e In viral infections like HIN1, PCR of respiratory tract secretions is a useful
investigation when a child presents with pneumonia during an epidemic situation
particularly with normal WBC count and negative CRP.

Management

Specific management:

1. Management of asthma — see relevant section in this chapter.

2. For management of croup — see relevant section in this chapter.

3. Once the diagnosis of epiglottitis is suspected, PICU team, ENT surgeon and
anaesthetist are involved in the management early. Antibiotics such cefotaxime
should be given early. Child should be admitted in high dependency unit (HDU)
or paediatric intensive care unit (PICU). Airway has to be secured early by intu-
bation or tracheostomy because they can deteriorate very fast.

4. If pneumothorax or empyema is suspected, diagnosis should be confirmed by
CXR and ultrasonography of the chest. Inmediate needle thoracocentesis will
relieve the respiratory distress, and it should be followed by intercostal
drainage.

5. Appropriate antibiotics to treat the underlying pneumonia or empyema.

6. For management of foreign body, see relevant chapter under ENT.

Prognosis

In most of the situations, early recognition and management in HDU or PICU will
help in good recovery.

Asthma in Children

Asthma is a cause of reversible airway obstruction secondary to chronic airway
inflammation and bronchial hyperreactivity. Approximately 10 % of the children
are affected, and about 50 % of them will attend their GP or an ED before the age
of 10 years. They often present with wheeze and shortness of breath. Occasionally
the presenting complaint is that of cough at night or early morning, cough brought



258 S. Thangavelu et al.

on by exercise/cold weather and limitation in carrying out sporting activities
(exercise tolerance).

Look out for a family history of asthma or atopic disease such as hay fever,
eczema or allergy.

Based on the number of episodes experienced, asthma can be classified into three
subgroups:

Infrequent (<4 episodes/year) — three out of four asthmatics will fall into this
category (75 % of cases).

Frequent (episodes every 2-4 weeks) — one in five asthmatics will fall into this
category (20 % of cases).

Persistent (three or more episodes every week) — 1 in 20 asthmatics will fall into
this category (5 % of cases).

Severity of Asthma [3]

Moderate Life Threatening —

S00 Severe signs plus any of the below
[p0h =2 % Sp0,< 92 %

I\N/I(i)I(r:imvi‘;c\e”etgleSIgns, HR> 740(2-5 years) or 125 (over 5's) | Silent chest

Talking in full RR>40(2-5 years) or 30 (over 5's) || Cyanosis

senter?ces Can't talk/Can’t feed Poor Respiratory Effort

No severe signs Using accessory muscle Agitated/Altered consciousness

(PEFR 50 % or better) | | (PEFR <50 %)

Management

Salbutamol 10 puffs via spacer for the moderate to salbutamol 2.5 (2-5 years
of age)-5 mg (over 5’s) nebulised (in oxygen) every 20 min for 1-2 h for the
severe/life-threatening types.

Consider adding ipratropium 250 mcg every 20 min for 1-2 h.

Continuous oxygen by facemask or nasal cannula.

Give prednisolone 10 mg <2 years, 20 mg or 30-40 mg (max 40 mg unless on
regular oral steroids) within 1 h or hydrocortisone 4 mg/kg iv.

Reassess after 15 min.

Consider adding 150 mg MgSO4 to each nebuliser in the first hour if life-
threatening in severity.

If poor response/deteriorating, call ED consultant, consultant
general paediatrician and/or PICU team.

Consider in this order:

1

. Salbutamol 15 mcg/kg IV bolus (max 250 mcg) or 5 meg/kg in under 2s

Reassess.
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2. Magnesium 40 mg/kg IV bolus (max 2 g) over 30 min
Reassess.
3. Salbutamol IV infusion (1-2 mcg/kg/min)

Consider CXR.
Blood gas and measure serum K+.
ECG monitoring.

Indications for Ventilation

» Exhaustion.

*  Worsening hypoxia.

* RR >60 despite treatment or falling RR without clinical improvement.

* Normal or rising CO,.

* Prepare fluid bolus of 20 ml/kg and adrenaline bolus of 0.1 ml/kg of 1:10,000.

Induction

* Atropine 20 mcg/kg
» Ketamine 1-2 mg/kg or thiopentone 1-2 mg/kg
e Suxamethonium 1-2 mg/kg

Ventilation

¢ Largest possible cuffed ET tube
* Permissive hypercapnoea: PH >7.2, keep PIP <45 mmHg and TV 5-10 ml/kg,
RR 10-15. PEEP 5-7

Sedation

e Midazolam and fentanyl
* Regular suctioning and chest physio

Discharge Criteria

* All severe and life-threatening cases should be admitted.
* No life-threatening signs at any time.

* On 4 hourly bronchodilators.

e Sp0O2 95 % or higher.
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Discharge Plan [3]

* Weaning regime of bronchodilator.
* Prednisolone for 3 days.
* Consider regular inhaled steroids, i.e. beclomethasone 100-200 mcg BD, if:

— Needing B2 agonist >3 times per week
— Nocturnal symptoms disturbing sleep more than once per week
— Exacerbations requiring oral steroids

In children under 5 years with viral-associated wheeze, steroids (oral and inhaled)
may not be beneficial.

Follow-Up [3]

* GP follow-up within 48 h
e If >2 attendances to ED within 1 year or two courses of oral steroid, refer to
asthma clinic for urgent review.

Bronchiolitis

Bronchiolitis is a common respiratory tract infection in infancy and a common
cause for admission in young children and often leads to a lot of morbidity in infants.
It is typically caused by viruses and the common aetiologic agent being the
respiratory syncytial virus. Usual age group is 2 months to 2 years.

Bronchiolitis is practically defined as the first episode of wheezing in a child
younger than 12-24 months who has physical findings of a viral respiratory infec-
tion and has no other explanation for the wheezing, such as pneumonia or atopy [4].
It is usually a seasonal viral illness characterised by low-grade fever, nasal dis-
charge and dry, wheezy cough. On examination there are fine inspiratory crackles
and expiratory wheeze. Within 1-2 days of these prodromal symptoms, the cough
worsens and child may also develop rapid respiration, chest retractions, irritability,
poor feeding and vomiting. Though, in majority of cases, the disease remains mild
and recovery starts in 3—5 days, some of these children may continue to worsen and
become sick, and prompt management is needed.

Mild Moderate (any of) Severe (any of)
Minimal Respiratory Distress Moderate Respiratory Distress Severe Respiratory Distress
RR < 50 RR 50-70 RR > 70
Sp02 > 92 % SpO2 < 92 % in air SpO2 < 90 % in air
Feeding Well Difficulty Feeding / Dehydration Apnoea
No Risk Factors Risk Factors Looks unwell/toxic
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Factors Increasing the Likelihood of Severe Disease

» Chronological age less than 6 weeks

» History of apnoea before assessment

* Known structural cardiac anomaly (e.g. VSD)

* Known pre-existing lung disease (e.g. cystic fibrosis)
 Significant prematurity (<32 weeks)

The diagnosis of bronchiolitis is mostly clinical, and laboratory investigations
have a limited role in diagnosis and management.

Bloods Bloods (FBC, U&E and CRP) should only be done if child is having 1V line inserted.
Blood cultures if fever >39 or in infants <60 days old

CXR If deteriorating/needing ventilatory support/needing HDU/PICU or prolonged or
atypical course. Most don’t need them

CapGas | If tiring or poor saturations despite FiO, >40 % (ABG is alternative)
NPA For viral immunofluorescence/rapid antigen test if decision to admit

The current management primarily consists of supportive care:

e Widely accepted line of management is adequate hydration, supplemental oxy-
gen and careful monitoring of vital signs and SpO,.

* At this point, there is no other specific treatment for bronchiolitis for which there
is a strong or convincing evidence of effectiveness and the role of each modality
is debatable [5].

* Hypertonic saline nebulisation with salbutamol 2.5 mg may reduce the length of
stay for admitted children.

¢ Consider nebulised epinephrine if considering ventilation.

e Consider 1-3-month course of montelukast (4 mg at night) [6] as it may reduce
risk of relapse/recurrent wheeze.

Acute Laryngotracheobronchitis (Croup)

This is one of the most common causes of stridor in children presenting to the
emergency department. It is most commonly due to a viral illness caused by parain-
fluenza virus which accounts for 80 % of the cases [7].

Children often present with typical barking cough and harsh stridor. These symp-
toms are often preceded by a viral prodrome of low-grade fever, running nose and
cough. Usually the children are not toxic and they do not have drooling of saliva. The
illness usually lasts for 2-5 days. If obstruction worsens, the child becomes increas-
ingly tachypnoeic with respiratory distress indicated by retractions. Rarely respira-
tory failure occurs. Cyanosis, tachycardia and altered level of consciousness if present
indicate that there is hypoxia and it needs prompt management. Westley croup score
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is helpful in assessing the severity [8]. Croup is essentially a clinical diagnosis.
Steeple sign seen in x-ray is seen in croup but is not pathognomic of the condition.
Chest x-ray is done only when there are chest retractions and diagnosis is in doubt.

Treatment

Keep the child in the mother’s lap. Administer oxygen in a nonthreatening man-
ner if needed.

Steroids [9] are the drug of choice in managing croup. There is role for IV, IM,
oral and inhaled corticosteroids. Their action usually starts 1-2 h after adminis-
tration. Popularly a single oral or intramuscular dose of dexamethasone 0.15 mg/
kg for the mild variety up to 0.6 mg/kg in severe cases is used in the emergency
room/OP and is sufficient. Rarely the second dose is administered after 8—12 h
based on clinical need. Oral prednisolone 1-2 mg/kg/day for 24 h is another
option. Inhaled budesonide 2 mg in 3 ml normal saline also has rapid effect and
is found to be useful.

Epinephrine nebulisation is used in cases of moderate to severe croup, whenever
there is evidence of respiratory distress and retractions are present even at rest.
Nebulised adrenaline (epinephrine) solution 1 in 1,000 (1 mg/mL) should be
given with close clinical monitoring in a dose of 400 pg/kg (maximum 5 mg)
repeated after 30 min if necessary. Administration of three doses of nebulised
adrenaline within 60 min has caused dysrhythmia and myocardial infarction in
children. The effects of nebulised adrenaline last 2—3 h; the child should be
closely monitored/observed for at least 4 h after giving.

There is no role for antibiotics unless when croup is thought to be caused by a
Mycoplasma pneumoniae infection.

Westley croup score

0 1 2 3 4 5
Stridor Nil When At rest
agitated

Intercostal recession | Nil Mild Moderate Severe

Decreased air entry Normal | Mild Severe

Cyanosis None When At rest

agitated

Consciousness level | Normal Altered

Possible score 0—17: 0-3 = mild croup, 4—-6 = moderate croup, >6 = severe croup
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Chapter 15
Surgical Emergencies in Children

Shanthi Sangareddi, Saravanakumar Paramalingam, and Zahid Mukhtar

Abdominal Pain

Key Points

* Initial stabilisation of the vitals is important followed by prompt surgical
referral.

* Medical conditions can present with acute abdominal symptoms, and it is
important to consider these prior to surgical referral.

Introduction

Abdominal pain is a common complaint for which children are brought to the emer-
gency department. The cause of abdominal pain can be benign or life-threatening. It
is the responsibility of the emergency physician to accurately assess and arrive at a
probable diagnosis. The patient requires initial stabilisation and then referral to a
surgeon if a surgical cause is suspected. Severe abdominal pain lasting for more
than 6 h constitutes an “acute abdomen” [1].
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Table 15.1 Causes of abdominal pain

Acute surgical
Appendicitis
Intestinal obstruction
Visceral perforation
Intussusception

Malrotation + volvulus

Incarcerated hernia

Acute scrotum (including
testicular torsion)

Hirschsprung’s disease

Ovarian torsion
Traumatic injuries

Pathophysiology

Intra-abdominal
medical
Acute gastroenteritis

Urinary tract
infection

Peptic ulcer disease
Renal colic
Worm infestation

Constipation

Spontaneous
bacterial peritonitis

Pancreatitis

Cholecystitis

Gastroesophageal
reflux disease

Acute retention of
urine

Infantile colic

Extra-abdominal
causes
Tonsillitis
Streptococcal
pharyngitis

Viral syndrome

Lower lobe
pneumonia
Abdominal wall
abscess
Contusion of
abdominal muscle
or soft tissue

S. Sangareddi et al.

Systemic illness
Diabetic ketoacidosis
Dengue

Henoch-Schonlein
purpura (HSP)
Lead poisoning

Porphyria

Heart failure

Sepsis

Infectious
mononucleosis

Abdominal epilepsy
Migraine

Abdominal pain is transmitted by two types of fibres. Type A nerve fibre trans-
mits sharp pain from skin and muscle. Type C fibre carries impulses from vis-
cera, peritoneum and muscle and produces dull, poorly localised pain. These
fibres synapse in the dorsal root ganglia; some afferent fibres cross and travel in
the spinothalamic tract to the postcentral gyrus. In the gut pain is often due to
stretching or tension. Ischaemic pain is due to tissue metabolites released near

nerve endings.

Common Causes of Acute Abdominal Pain

Abdominal pain can be due to medical or surgical causes. Most of the medical
causes of abdominal pain are due to systemic diseases or extra-abdominal causes.
Table 15.1 shows the different causes of abdominal pain [2].
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Fig. 15.1 Acute appendicitis — intraoperative view
Acute Appendicitis

This is the most common cause of the acute abdomen. The child may present with
a low-grade fever, and the pain is initially periumbilical, later localising to the right
iliac fossa. Stools may be normal, loose or constipated. The classical McBurney’s
tenderness, the psoas sign, obturator sign and Rovsing’s sign may not be present in
young children. The diagnosis is often difficult to make and may need repeated
examination especially when there is minimal abdominal tenderness or no rigidity.
Delayed diagnosis can lead to perforation in the younger child resulting in peritoni-
tis. Diagnosis is o