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PART I: INTRODUCTION



INITIAL EMERGENCY CARE

Initial Emergency Care has been developed to improve the initial care of patients presenting to emergency and primary care providers in resource-limited settings. It is intended that the health care worker will gain the skills to administer first aid, and to be able to perform an initial assessment and treatment of life-threatening or limb-threatening conditions prior to referral to definitive care at the same or a different medical facility. Local solutions to the problem of stabilization and safe transfer of a patient requiring further care will be explored. 

When the number of patients presenting to care overwhelms a medical facility, it may be difficult to prioritize which patients are in most urgent need of care. To this end, IEC will introduce the concept of triage so that the most urgent cases are seen within a reasonable time.

IEC was developed because it is common for patients to present to a remote medical facility prior to referral to definitive care. The condition of these patients may deteriorate significantly in the time it takes to reach a larger hospital for advanced care (such as surgery or other procedures). The remote or rural medical facility may not have the equipment, medication or personnel available to apply advanced care, so there is a limitation to what can be provided for such patients. However, many treatments are simple and require minimal equipment. IEC will give the remote health care providers information and enable them to use what is available to reduce morbidity and mortality in such patients. 

The rural or remote health care provider needs to recognize a deteriorating patient and be able to communicate with the receiving hospital in such a way as to enable safe transfer in a timely manner.

The Initial Emergency Care Reference Text presents concise, point form management plans. The material is produced for resource rich environments, and hence includes investigation, treatment and disposition options that will not be universally available. 

Introductory Trauma – An approach to initial assessment and Management

Understanding Trauma
Understanding how people die from trauma helps inform how we can help trauma patients. Deaths occur at three peaks, the so-called tri-modal distribution of death.  Early deaths occur at the scene and account for 50% of the total deaths. The cause of death is injury to the brain and spinal cord, heart and great vessels and is often the result of rapid deceleration forces.  Intermediate deaths occur within 1-2 hours –the “golden hour” – and account for 35% of the total deaths. Head injury, chest injuries, abdominal injuries and fractures causing large blood loss make up the majority of this group. Late deaths occur days to weeks after the initial trauma and account for  15% of the total deaths. Sepsis and organ failure make up the bulk of this group.

Whilst there are three peaks of death, there are also, broadly, three groups of trauma patients. There is a group who will die no matter what we, as clinicians, do for them. There is another group who will live regardless of what we do for them. There is a very important third group whose survival depends on our timely assessment, decisions and actions.

With that in mind, while trauma care is complex and multi-system, there are broadly three preventable causes of death in major trauma – exsanguination, tension pneumothorax and airway obstruction due to maxillofacial injuries.

Assessment and management of trauma is a dynamic and continuous process that begins from the time of accident and moves through various phases of care. For practical purposes, it is easiest to divide this into the pre-hospital and the hospital phase. The aim of coordinated trauma care is a smooth transition between these 2 phases and avoiding the therapeutic vacuum. The therapeutic vacuum is the time where nothing useful is happening for the patient and their care has stagnated. This is most likely to occur at times of handover or in the preparation for or completion of a procedure or investigation.

Outline of Initial Trauma Management
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The Primary Survey -  <C>ABCDE

** Resuscitation measures occur concurrently with the primary survey as problems are encountered. **

Catastrophic Haemorrhage 

This will occur in extremity or major body cavity trauma and is relatively rare in blunt civilian trauma. It is more likely in areas where there is risk of penetrating or blast trauma (war, violence, some industries such as mining). If catastrophic bleeding occurs and is recognised, it needs attention immediately, above anything else or the patient will die quickly. The management of catastrophic bleeding is simply an extension of basic principles applied rapidly (direct pressure, elevation, tourniquets and pressure points.) There are some commercially available novel hemostatic agents (Quikclot™ and Hemcon™) that have been tested in combat situations. While very useful, these agents are expensive and not readily available.

A: Airway and Cervical Spine

If the patient can talk and answer the question “What is your name?” then you have gained very useful information in less than 10 seconds. From this information you know that (at least for the moment) their airway is patent and that they are breathing, that they have a good enough circulation to perfuse their brain and that they are conscious. If they are talking then your priority should be to protect their cervical spine.

If the patient is not speaking then you must open and clear their airway at the same time as protecting their cervical spine. Basic maneuvers such as chin lift (caution with C-spine injury), and jaw thrust can be life saving. Airway adjuncts such as oropharyngeal airways, nasopharyngeal airways and supraglottic airways e.g. Laryngeal Mask Airways (LMA) ™ can be used to assist in achieving a patent airway. The decision to intubate the trachea must be made if a definitive secure airway is needed. Intubation should be performed while maintaining manual in-line stabilization of the cervical spine but the priority is the airway. Flexion of the neck is the most dangerous movement if there is a suspected or confirmed cervical spine injury and must be avoided. Intubation may be very difficult. In the circumstance that intubation and oxygenation cannot be achieved then a surgical airway (cricothyroidotomy) will be required.

B: Breathing and Ventilation

The causes of fatal chest trauma are: BL-ATOM-FC

Blast Lung

Airway Obstruction

Tension Pneumothorax

Open Pneumothorax (‘sucking’ chest wound)

Massive Haemothorax

Flail Chest

Cardiac Tamponade

Look, listen & feel the chest for adequacy of ventilation. Look at the colour of the patient (cyanosis), bruising of chest wall and abrasions that may signify underlying injury. Measure the respiratory rate (increased rate or very low rate) and look at movement (work of breathing, abnormal movement of chest wall if flail segment). Listen to the breath sounds (present, absent, unilateral, wheeze) and feel for the tracheal position, presence of subcutaneous emphysema, a hyper-resonant or dull percussion note. If you suspect a tension pneumothorax, treat it immediately with either needle decompression or, if the patient is already intubated and ventilated, with finger thoracostomy. This should be followed up with a formal chest tube as soon as possible. 

C: Circulation and Haemorrhage Control

Look for signs of external bleeding and signs of shock - fast pulse, low blood pressure (assume this is due to haemorrhage), colour of skin and poor capillary return (should be less than 3 seconds) and adequacy of organ perfusion (level of consciousness, urine output).

The main causes of hypovolaemia are chest or abdominal injury, pelvis or femur fracture, penetrating injury (stab, gunshot, impalement) with injury to arteries or veins and external haemorrhage. Put pressure on external bleeding and, if that doesn’t stop extremity haemorrhage, use tourniquet +/- pressure points (brachial artery at the antecubital fossa or axilla, femoral artery in the groin). Insert 2 large IV cannulae. Send blood for X-match – or consider O negative if available. Give IV fluids – balanced salt solution (but not too much – no more than 2000mls titrate to radial pulse and conscious state). Establish monitoring of BP and ECG, Oxyfen Saturations.

D: Disability

Look at the pupils with a torch and check for size, symmetry and reactivity. Assess the level of consciousness using the ‘AVPU’ rapid assessment tool.

· A
Awake
· V
Responds to voice
· P
Responds to pain
· U
Unresponsive
A response only to pain means they are likely to need intubation and corresponds with a Glasgow Coma Score of 8.

Alteration in conscious state indicates brain injury until proved otherwise. Never assume an altered conscious state is due to alcohol or drugs until other causes have been excluded.

E: Environment and Exposure

Exposing the trauma patient is vital to ensure that serious injury is not missed. There is no place for modesty when initially assessing the trauma patient. Once injury has been excluded, it is important to cover the patient up again, not only to preserve their dignity as humans but more to prevent hypothermia. Hypothermia is very bad for injured patients. Hypothermic patients use more oxygen, are more prone to bleeding and have worse outcomes.

Take active measures to maintain the trauma patient’s temperature to as near to normal as possible.
Basic Imaging

If available, basic trauma imaging studies are important adjuncts to the primary survey. The most common are the F.A.S.T. (Focused Abdominal Sonography in Trauma) Scan, lateral cervical spine x-rays, chest x-ray, pelvic x-ray if indicated and CT scans if available (especially of the cervical spine and brain).

Secondary Survey

The secondary survey is a head to toe examination and is a thorough examination. “Hands and tubes in every orifice.” The patient should be log rolled and their back examined. If they are conscious, there is no longer a requirement to perform a PR examination. The secondary survey is also the time for the ‘AMPLE’ history.

Allergies

Medications

Past History

Last Meal

Events surrounding trauma

Pre-Hospital Emergency Care and Retrieval

Introduction to Retrieval Medicine

Pre-hospital emergency care and retrieval medicine is the branch of medicine that is concerned with the safe treatment of injured or unwell patients, before they get to hospital and the safe transport of these patients to hospital. It is not about the mode of transport per se and many forms of dedicated and ad hoc transport have been utilised successfully. Above all, retrieval medicine is about the patient and the safety of the retrieval crew.
The aims of pre-hospital and retrieval medicine are:

· To get the right care
· To the right patient
· In the right timeframe
· And keep the patient safe and stable to get to them to the right place 
Types of Retrieval

Primary

Patient retrieved directly from the scene of the accident or injury and transferred to definitive care

Secondary

Patient retrieved from a less specialised Health Care Facility to one that offers specific services such as a teaching hospital, city hospital or a specialised hospital (obstetric, trauma, neurosurgery)

Challenges of Pre-hospital and Retrieval Medicine

The pre-hospital environment may be unfamiliar to many doctors. This is further complicated by, environmental difficulties, time constraints, long travel distances, fatigue, limited assistance and limited equipment. All of these challenges combine to make a potentially dangerous work environment. This means that retrieval teams need to be aware of and manage their own safety at all times when in the pre-hospital environment.

How do we overcome these challenges?

Maintaining realistic aims and having a structured approach to the unwell or seriously injured patient is very important. Retrieval teams should ideally be made up of relatively senior personnel with a skill-mix that is complimentary (e.g. doctor/nurse, doctor/paramedic). These teams should train together regularly, no matter how experienced the team members are. Equipment should be robust and portable and should be chosen to meet local requirements and expectations. Our aim is to get the right care to the right patient in the right timeframe and, therefore, retrieval teams need to do what they can in order to minimise delays. Communication within the team and with referral and receiving hospitals is very important to smoothing this process and developing strong professional relationships in advance makes this much easier. Forward planning and prior preparation is also very important. Ideally, this means allocating staff and checking equipment as a part of daily clinical routine in case retrieval is needed, rather than trying to do it all once retrieval is needed.

A brief word on Major Incidents/Disasters

A Major Incident is any incident where the location, number, severity or type of live casualties requires extraordinary resources. The number of casualties alone is not the key determinant of a disaster.
Classification of Major Incidents

Major incidents may be natural or manmade, simple (infrastructure intact) or compound (infrastructure destroyed or unusable), compensated (response able to meet need) or uncompensated (response inadequate to meet need)

Response to a Major Incident

Major incidents are characterised by chaos and disorder. By definition they have overwhelmed available resources and will usually occur without warning. In direct opposition to this chaos, our response must be calm and ordered. The following is a framework to check off your response to dealing with multiple casualties in a major incident

· Command and Control

· Safety (self, scene, casualties)

· Communications

· Assessment

· Triage

· Treatment

· Transport 

This is a very basic overview of major incidents. For more detailed information, Colonel Timothy Hodgetts RAMC has written extensively of the topic and was a founding member of the Major Incident Medical Management and Support (MIMMS) course. The majority of this information is covered in much greater detail in the MIMMS course manual, which is available from the MIMMS foundation.

ISBAR
Introduction

ISBAR is an easily remembered acronym that assists in the communication of vital information about patients particularly at the point of handover or in the setting of a consultation.

It can provide a useful framework for a standardised approach to communication of critical information, which can be used in many different situations, not just in the medical field, (ISBAR in fact originated in the US Navy for use in communications within the nuclear submarine service).

Evidence has shown that when a standardised approach is implemented, the effectiveness of that approach increases. The listener knows what to expect and becomes more attuned and the speaker, knowing what is expected, can participate fully to meet the listener’s needs. 

ISBAR has been adopted by a number of high-risk industries, including health.

It is useful because more often than not, good communication skills are assumed rather than taught.
ISBAR consists of 5 elements that help focus a conversation to just the relevant information and at the same time helps to eliminate any irrelevant information. 

These 5 elements of the acronym are:

I:
Identify
S:
Situation
B:
Background

A:
Assessment

R:
Recommendation

Background

A study by JCAHO (Joint Commission for Accreditation of Hospital Organisations -USA) reviewed sentinel events between 1995 to 2006 and found that between 60-70% of these involved a failure in communication.

In Australia of the 25,000 to 30,000 preventable adverse events that led to permanent disability, around 10% were related directly to issues of communication. 

The World Health Organisation (WHO) in its “HIGH 5s” initiative to improve patient safety, has nominated prevention of patient care handover errors as one of its top five patient safety interventions.

Settings for Use

The ISBAR framework may be used in any information handover situation. 

For example:

●
Shift changes, (i.e. patient handover meetings)
●
Consultation for Time-critical situations
●
Discharge to community services

●
Inter-hospital transfers

●
Intra-hospital transfers

●
Procedure documents

●
Reports, memorandums and briefings

Advantages of ISBAR

The ISBAR framework:

●
Ensures completeness of information and reduces the likelihood of missed data.

●
Is an easy and focused way to set expectations for what will be communicated

●
Ensures a recommendation is clear and professional

●
Gives confidence in communication

●
Focuses not on the people who are communicating, but on the problem itself.

Implementation Example

The letters of the acronym act as a reminder to the concise conveyance of vital aspects of a case or situation to another person:

Using the framework, the essential points with respect to a consultation with a colleague, would include:

 I:
Identify

●
Who you are 

●
Who you are talking to

●
Where you are 

●
Your role

●
The Patient who you are talking about

S:
Situation

●
Describe your concern

●
Give the reason you are calling


B:
Background

●
Give a brief history of the patient’s presenting problem
●
Investigation results
●
Any treatment given
●
Relevant past history & medications

A:
Assessment
●
Patient's current status, (Conscious state, vital signs, stable/unstable)
●
State what you believe the problem may be, or any concerns that you may 
have. 

R:
Recommendation 

●
State what you would like to happen and clarify your expectations

Head Injury

Normal Brain Physiology

The contents of the skull in healthy people includes:

Brain (roughly 1400ml)

Blood (roughly 150ml in veins, arteries and capillaries)

Cerebrospinal fluid (roughly 150ml in the ventricles and around the spinal cord)

In head injury, the volume is normally increased by haematoma, which can, in turn, increase pressure. The principles of management for head injury can be applied to any patient with raised intracranial pressure.

Monro-Kellie Doctrine

The brain, blood and CSF is contained in a rigid box (the skull). Increasing the volume of one must result in the equal decrease of another or a rise in pressure will ultimately occur. Past a certain point (the critical volume) a dramatic rise in intracranial pressure will occur

Cerebral Blood Flow

In healthy adults, cerebral blood flow is 50-55ml/100g of brain/minute. If this falls below 10-15ml/100g/min it results in irreversible damage. Brain injury reduces cerebral blood flow acutely. Cerebral blood flow will then return to normal over the next few days depending on severity. In patients who remain unconscious, blood flow can remain lower than normal for weeks. 

Cerebral Perfusion Pressure

As we have seen, normal brain needs a minimum amount of blood flow to meet its metabolic needs. Cerebral Perfusion Pressure = Mean Arterial Pressure (MAP) – Intracranial Pressure (ICP)

In normal circumstances, cerebral blood flow is maintained across a wide range of pressures (50-150 mmHg). This is called pressure autoregulation. Brain injury impairs the ability of the brain to maintain flow across changing perfusion pressures. Cerebral blood flow is also affected by changes in PaCO2 and PaO2. As PaCO2 rises, blood flow rises and as PaO2 falls, blood flow rises.

Classification of Head Injury

The Glasgow Coma Score is a simple clinical tool to grade severity of head injury. Head injury can be classified as minor, moderate or severe head injury according to the GCS.

Minor – GCS 13-15

Moderate – GCS 9-12

Severe – GCS 3-8

In addition to grading severity, head injury can be classified according to mechanism, type and location of injury. These distinctions won’t change the principles of management BUT may help guide specific treatment

Approach to Management

Head injured patients are trauma patients. Therefore, don’t forget the structured approach to the trauma patient in the head injured patient. Begin with a primary survey to stabilise life-threatening problems and exclude other injuries to improve the overall clinical condition of the patient.

Minor Head Injury

The GCS will be 13-15 and the patient will conscious and talking. There is likely to be a history of a head strike or fall, brief loss of consciousness, disorientation and amnesia. Minor head injuries often occur in association with alcohol intoxication. Most patients with make an uneventful recovery, however 3% have an unexpected deterioration and require further management.

Management is focused around performing a history and examination, including a focused neurological examination and controlling any scalp bleeding, which can be massive. Investigations are often not required but may be indicated clinically (e.g. blood alcohol, other injuries). The question then becomes “does this patient need a CT scan and can this patient go home?” In general, the patient should receive a CT scan if they are high risk for requiring neurosurgical intervention. That is determined by the following criteria:
GCS<15 after 2 hours

Suspected open or depressed skull fracture

Any signs of a base of skull fracture (Racoon eyes, Battle sign, CSF out of nose or ears)

Vomiting more than 2 times.

<5 years old or >65 years old.

The patient should, ideally, be kept in hospital for a period of observation if any of the following criteria are met

No CT scanner available AND high risk according to above criteria

Abnormal CT scan if done

All penetrating head injury

Prolonged loss of consciousness

Deteriorating conscious state

Moderate to severe headache

Significant alcohol or drug intoxication

Skull fracture

Significant other injuries

Focal neurological defects

No reliable companion at home

If the patient does not require a CT scan and they do not meet any of the above criteria then it is likely that they are safe to be discharged from hospital.

Moderate Head injury

The GCS will be 9-12. These patients should be managed as for minor head injury except that they should all be admitted for a period of observation and, if a CT scanner is available, they should be routinely scanned. They should have frequent neurological checks and a repeat CT scan if available and their condition deteriorates. 

Severe Head Injury

The GCS will be 3-8. These patients are unable to follow even simple commands due to impaired conscious level. Patients with severe head injury often have other serious injuries. Brain injury is affected by other secondary insults (especially hypotension and hypoxia.) Prevention of secondary injury is very important in severe head injury. Therefore, approach is:
ABCDEs (primary survey) – REGULAR reassessment

Likelihood of cervical spine injury (5% or blunt head injury)

Early endotracheal intubation

Avoid hypoxia and hypercapnia

Circulatory stabilisation

Avoidance of hypotension and maintenance of cerebral perfusion pressure (to a systolic BP of > 100mmHg).

Normovlaemia – avoid hypovolaemia and hypervolaemia

Therapeutic agents (if available)

Mannitol or hypertonic saline (decrease intracranial pressure)

Anticonvulsants (minimise oxygen demand and consumption)

CT or surgery

COMA AND ALTERED CONSCIOUS STATES

Introduction

The term “coma” does not have a precise definition. Generally it is taken as a GCS of 8 or less.
It is useful to think of a patient as having a reduced conscious state, with a spectrum that varies from mild to severe, the severity of which is most commonly scaled according to the Glascow Coma Scale (GCS). 

Pathophysiology

Altered conscious states pathologically are due to one or both of bilateral depression of cortical function and/ or depression of the reticular activating system within the brainstem.

Causes

The causes of an altered conscious state fall broadly into 10 categories:
1.
Drugs and toxins:
●
Generally any CN depressant in overdosage, most commonly alcohol, narcotics, benzodiazepines, tricyclic antidepressants and major tranquilizers.
2.
Infections:
●
Within the CNS: 
♥
Meningitis
♥
Encephalitis
♥
Cerebral abscess

●
Severe generalized sepsis
3.
Trauma:

●
Direct brain injury (including diffuse axonal injury)

●
Cerebral oedema

●
Space occupying haematomas, (intra or extra axial)
4.
Environmental:

●
Hyperthermia

●
Hypothermia

●
Electrocution / Lightning strike
5.
Metabolic:
●
Electrolyte disturbances, (predominantly hyponatremia, hypercalcemia and severe acid/base disturbances)

●
Glucose disturbances, (hypoglycemia and hyperglycemia) 

●
Respiratory failure, (hypoxia and hypercapnia)

●
Renal failure with severe uremia

●
Hepatic failure (encephalopathy)

●
Reye’s syndrome (in children)

●
Endocrine:



♥
Adrenal insufficiency eg: Addison’s disease


♥
Myxedema coma


●
Thiamine deficiency (Wernicke’s encephalopathy)

●
Other rare causes (acute porphyrias)

6.
Seizure activity:

●
Post ictal
●
End stage status epilepticus (uncommon but very important cause and often overlooked). There may not be any motor activity to suggest this.
7.
Stroke:

●
Infarcts or hemorrhage, including sub arachnoid haemorrhage (SAH).
Supratentorial lesions usually need to be extensive to cause a reduction in conscious state, (to produce bilateral cortical depression).
Lesions within the posterior fossa are more likely to cause a reduction in conscious state, due to direct compression of the reticular activating system of the brainstem.
Lesions within the brainstem itself are especially likely to result in altered states of consciousness.
8.
CVS status, including: 

●
Hypertensive encephalopathy 

●
Shock or poor perfusion states from any cause.

9.
Raised intracranial pressure in general:

●
Space occupying lesions

●
Hydrocephalus

●
Cerebral edema, of any cause.
10.
Psychiatric conditions:

●
Hysterical conversion reactions

●
Catatonic states

●
Severe depression.

Complications

There are a number of important secondary complications of “coma” including:
1.
Airway problems, (obstruction and aspiration)
2.
Hypothermia (in prolonged cases or in cold environments)
3.
Rhabdomyolysis (with prolonged immobilization), especially in relation to hypekalemia.
4.
Pressure areas, (with prolonged immobilization)
5.
Trauma, including cervical spine.

Clinical Assessment

Important points in history should include:

1.
Past history, especially of diabetes, seizures or drug use.
2.
Allergies. 
3.
Medications, especially warfarin, CNS depressants.
4.
History from any witnesses: 
●
Collapse
●
Period of unconsciousness
●
Any actual or possibility of trauma.
●
Environmental conditions, eg, hypothermia, hyperthermia, patient in a confined space with fire (carbon monoxide poisoning)

●
Any features of seizure activity.
5.
Possibility of overdose, including alcohol consumption

Important points of examination should include:

1.
Initial assessment of ABC.
2.
Check glucose on all patients with an altered conscious state.
3.
Assess for any evidence of trauma, especially head injury, including hemotympanum.
4.
Check vital sings including temperature.
5.
Assess neurological status:

●
GCS

●
Pupils and responses
♥
“Pinpoint” pupils are very characteristic of opioid toxicity, however is 
a nonspecific sign. It may also indicate for example midbrain 
(classically pons) pathology.   

●
Lateralizing signs.
6.
Skin:

●
Rashes, in particular petechial.
●
“Track marks”, suggestive of drug use 
7.
Neck stiffness (unless cervical spine injury is suspected) 

Many texts also describe abnormalities in patterns of respiratory effort or ocular reflex movements when discussing the assessment of the comatose patient. Whilst academically interesting they add little or nothing to immediate diagnosis or management

Investigations

The extent of investigation will depend on how unwell the patient is and the degree of suspicion for any given condition or secondary complication.

Important considerations will include:

Bloods tests

●
FBE
●
CRP
●
U&Es/glucose
●
LFTs
●
Clotting profile
●
CK and troponin levels
●
ABGs
●
Blood cultures
●
Toxicological screen, according to clinical suspicion.

♥
In particular blood alcohol, paracetamol levels.
●
TFTs, if thyroid pathology is suspected.
Urine via IDC 

●
M&C
●
Drug screen
●
Myoglobin.

ECG 

●
Look for hyperkalemia secondary to rhabdomyolysis.
●
Evidence of hypothermia.

Plain Radiology

CXR :

●
Especially for signs of aspiration.

Cervical Spine:
●
Consider the need for a cervical spine x-ray, particularly in cases where there has 
been trauma or if this cannot be reasonably ruled out 
●
This should be done by CT scan if the patient is also having a CT scan of the brain.

CT scan brain
●
The threshold must always be low to do a CT scan. It is mandatory when the diagnosis is unclear.
●
Remember that more than one pathology may exist, the “drunk” patient may also 
have a head injury.
●
CT angiogram will be the best investigation if a brainstem infarction is suspected.

MRI
●
If the cause of coma remains unclear following CT scan, an MRI scan may be 
considered according to clinical suspicion. 
●
Cerebral infarcts, unusual infections or space occupying lesions, may not show up 
well / at all on initial CT scans.
●
MRI can be problematic in unwell/ intubated patients. It may be done later when a 
patient is more stable, providing potential serious pathologies (eg, encephalitis, 
meningitis) are already being treated.

Lumbar Puncture
●
The role of LP in this setting is controversial because of the concern regarding raised intra-cranial pressure, which cannot be reliably ruled out on CT scan alone. Altered conscious state itself can be a sign of raised ICP. 
●
It is safest to simply treat for meningitis/encephalitis if these conditions cannot be 
ruled out 

EEG 
●
This is useful when end-stage status epilepticus or ongoing seizure activity is suspected, however this in not widely available outside of specialist tertiary centres.

Management
Empirical management will depend on: 

●
How unwell a patient is. 
●
The degree of airway compromise.
●
The degree of clinical suspicion for any given condition. 
●
The degree of clinical suspicion for any given secondary complication of coma.

In general empirical terms|:
1.
ABC:

Attention to any ABC issues will be the immediate priority in all cases.

It must be immediately determined whether the patient is in cardiac arrest or is in need of immediate resuscitation measures, including airway manoeuvres, CPR measures, oxygenation and fluid resuscitation.

Once initially stable the patient may be managed in the coma position in cases of non-trauma or immobilized with additional spinal precautions as necessary in cases of trauma.  
2.
Check the glucose level by finger prick testing.
3.
Establish IV access, take blood tests and establish monitoring, (blood pressure, ECG and pulse oximetry). Intubated patients must also have end tidal CO2 monitoring.
4.
Empirical coma anti-dotes:
Careful thought should be given to each of these rather than their indiscriminate use in all cases, as each has potential hazards in particular settings. 
●
Glucose
Glucose for any hypoglycaemia is mandatory and potentially life saving. Note however that 50% glucose can worsen neurological outcomes in patients with ischemic cerebral injury; hence a finger prick glucose level to confirm hypoglycaemia is best done, if possible prior to its administration.
●
Naloxone 
Naloxone is safe and effective if narcotic intoxication is suspected. It may potentially result in severe withdrawal symptoms and aggression in chronic narcotic abusers. Its effect is relatively short lived and uncooperative patients may not be willing to undergo further observation upon wakening. The aim should be to avoid dangerously depressed levels in conscious state or respiration that may require intubation, rather than achieving full alertness. In the hospital setting where there are staff with advanced airway skills careful observation may be the best management. Where these skills do not exist full reversal is preferred. In all cases initial Basic Life Support (BLS) measures must still take priority over naloxone administration.  
● 
Flumazenil 
Flumazenil is generally avoided as a routine empirical drug in cases of altered conscious state of uncertain aetiology because of concerns about the precipitation of seizures in patients with epilepsy, chronic benzodiazepine use and in unrecognized TCA co-ingestion. It may be used to avoid intubation in cases where these concerns can be specifically and reliably ruled out.
●
Thiamine 
Thiamine should be given to chronic alcoholics in whom Wernicke’s encephalopathy is suspected. In these cases it should initially be given intravenously. Wernicke’s encephalopathy is a very uncommon cause of coma, far more commonly it presents with confusion, ataxia and ophthalmoplegia. Fears of severe allergic reaction to IV thiamine and the fact that coma is an uncommon presentation of Wernicke’s encephalopathy have limited its use in this setting. However these fears have been overstated and in the vast majority of cases IV thiamine is safe. Although coma is a rare presentation of Wernicke’s the consequences of missing the diagnosis are severe and so if doubt exists IV thiamine should still be given.  

Note that large glucose doses may precipitate Wernicke’s encephalopathy in thiamine deficient patients and so alcoholic patients who receive IV glucose should also receive thiamine.

5.
Charcoal 
●
This may be considered in intubated patients in whom overdose is suspected or possible. Because of the risk of aspiration it should never be given to unintubated patients who have an altered conscious state, or in alert patients who are likely to develop an altered conscious state. 
6.
Sedation
●
Paradoxically some sedation (or even intubation) may be necessary for patient agitation, in order to assist in potentially life saving investigation and management of the patient.
7.
Empiric anti-infective agents:

If there is any concern about an infective cause: 
●
IV antibiotics should be given early.
●
IV acyclovir should be given early, anti-influenza treatment may also be 
considered with specialist advice.

Disposition

Early consultation with and involvement of ICU should occur, particularly in cases where the diagnosis is unclear.

MINOR HEAD INJURY IN ADULTS

Introduction

There is no generally accepted definition of what constitutes a “minor” head injury. 

In general terms, it has been described as a Glascow Coma Score (GCS) that is 13-15, however significant intracranial injury may exist with potential for rapid deterioration even in patients who initially have a GCS of 15.

The best definition should involve 2 components:
 ●
A GCS of 13 or better and improving over time if less than 15.
And
●
CT scan findings that show a normal brain or minor degrees of contusion only, without evidence of subarachnoid, extra-axial hematoma, intracerebral haemorrhage, cerebral edema, signs of raised intracranial pressure or skull fracturing.

The major clinical decision in the Emergency Department (ED) will be the need for CT imaging of the brain

Clinical Assessment

Important factors in the clinical assessment of patients with an apparent “minor” head injury include the following:

1. What was the mechanism of injury?
●
Was it witnessed?
●
What was the likely force of the injury? 
●
Does the nature of the injury suggest a possible skull fracture? 
♥
In particular a large degree of energy delivered to a small area (for 
example, struck by golf ball at close range or a hammer blow). This is important as this type of mechanism may result in a 
depressed skull fracture in the absence of Loss of Consciousness            (LOC) or neurological signs.
2.
Does the patient have any co-morbidity factors that put them at greater risk with a head injury?

●
Is the patient on Warfarin or a new oral anticoagulant (NOAC)?

●
Do they have any other coagulopathy?
3.
Could the injury have been secondary to some other primary pathology?
 
●
A seizure

●
Syncope 
4. Are there any factors of communication, which make neurological assessment more difficult such as:
 
●
Extremes of age, confused elderly and the very young.

●
Language barriers 

●
Drug or alcohol affected

●
Intellectual impairment
5.
Associated injuries:
●
Does the patient have any significant associated injuries, in particular a cervical spine injury? 

These may readily be missed in confused patients or those with impaired ability to communicate in general. 

Diving type injuries in particular are very high risk for associated cervical spine injury.

The key clinical decision after assessment is then whether or not to CT scan the patient, (see below).
Investigation

Blood tests:

Blood tests are not routinely required. These will depend on the clinical suspicion for other pathology.

The following are included for consideration:
●
FBE
●
U&Es / glucose, especially in cases of ongoing confusion
●
INR for patients on warfarin
●
Blood alcohol level

CT Scan:

This is the investigation for any patient with a head injury.
CT scan the following:
1.
GCS < 15

2.
Persistent vomiting.
3.
Severe and persistent headache.
4.
Any patient with a coagulopathy especially those on warfarin therapy
5.
Alcohol intoxicated and confused patients with history or possibility of head 
trauma. 
6.
Cases of clinically apparent or suspected skull fractures 
●
Especially with larger lacerations, including vault fractures and base of skull fractures.
7.
Antegrade or retrograde amnesia for > 10 minutes.
8.
Well documented loss of consciousness.

The threshold for CT scanning should also be low in the following: 
9.
Age > 65 years.
10.
Significant mechanism of injury.
11.
Patients with impaired ability to communicate

Other Radiology:
Current best practice also suggests a CT scan of the cervical spine, when there is any possibility of an associated neck injury.

Head injured patients who are confused may not be able to adequately communicate their symptoms, due to the confusion or the distracting nature of their head injury.

An important consideration in these cases is the need for a cervical spine x-ray. Cervical spine injury is a not uncommon association with head injuries, whether they are “major” or “minor”

Management 

The management of “moderate” and “severe” head injury is relatively straight forward and is based initially on the usual Advanced Life Support (ALS) guidelines.

The best management for patients with so called “minor” head injuries is somewhat less clear cut.

Note that there is now less emphasis on the traditional “4 hours” head injury observations. Rather the major decision is “to CT or not to CT” 

Once a patient has had a CT for a head injury it must be reported by the radiologist before the patient leaves the Department. 

Patients with minor head injury must be admitted if:
●
There is any abnormality on the CT.
●
The GCS is less than 15
●
There is ongoing vomiting.
●
There is a skull fracture.

All patients with minor head injuries requiring admission should still be discussed with the neurosurgeon on call.

They may then be 
●
Transferred a Neurosurgical Centre
●
Suitable for ward admission for ongoing observation. 
♥
Some of these may be suitable for observation in an ED Short Stay Unit (SSU)
♥
If they do not fulfill local SSU admission criteria, then they should be admitted under the General Surgical Unit

Patients admitted for observation, should generally have a repeat CT brain within 24 hours, before being discharged. 
EXTRADURAL HEMATOMA

Introduction
Extradural (or epidural) hematomas are due to a collection of blood accumulating between the skull and the dura. 
They are especially associated with linear skull fractures in the parietal and temporal regions that cross the middle meningeal artery.
Extradural hematomas are a neurosurgical emergency, and must be referred immediately to the neurosurgical unit, as soon as the diagnosis is made and the patient stabilized.
Pathology

Extradural (or epidural) hematomas are due to a collection of blood accumulating between the skull and the dura. 

They are a relatively uncommon brain injury overall, (0.5% of cases of brain injury) however they represent around 9 % of brain injuries in those who are comatose. 
They are most often located in the temporal or tempo-parietal region, as a result of a fracture damaging the middle meningeal artery.  

These bleeds are classically arterial in origin, and so may bleed very briskly. 

Brain damage underlying an extradural hematoma is typically of a lesser degree than that which results from an acute subdural hematoma, although as mentioned above they can bleed more briskly and so lead more rapidly to raised intracranial pressure. 

Often extradural hematomas are a result of a focused blow (large force over a small surface area, such as that provided by a hammer) to the skull, particularly in the temporal region.

Clinical Features
Important features on history include:
The classically quoted history of extradural haemorrhage is of a brief loss of consciousness followed by a lucent period, then a secondary deterioration. This is rarely seen in practice and cannot be relied on when considering the possibility of an extradural haemorrhage.
Important aspects of history include:
1.
The mechanism of injury.
2.
How has the patient’s neurological status changed since the injury?
3.
Any co-morbidities. 

4.
The usual level of function in cases of debilitated patients, such as nursing home patient in particular.
5.
Persistent severe headache.
7.
Persistent vomiting.

8.
Is the patient on warfarin?
Important features on examination include:
1.
The immediate priority will be the assessment of ABC issues.
2.
Conscious state, including the GCS.
3.
Does the patients have localizing neurological signs?

●
Unilateral limb weakness

●
Pupil size and reactivity
It is vital to appreciate however that classic “localizing signs” are rarely present and occur late if at all. 

Headache and persistent vomiting as well as more minor degrees in alteration of conscious state constitute far more common neurological signs.
Note also that so called “localizing signs,” do not always accurately reflect the side of pathology.      
4.
Look for any other significant injuries, especially to the cervical spine.
Investigations
Blood tests
●
FBE
●
U&Es and glucose
●
Clotting profile, (always check if the patient is on warfarin)
Others as clinically indicated.
ECG
●
Non-specific ST changes
●
Arrhythmias

Bradyarrhythmias may be seen if the patient is “coning”.

CT scan brain
This must be done on an urgent basis for any patient who may have an extradural or subdural hematoma.
Note that some patients may be drug or alcohol affected and so are difficult or impossible to assess neurologically and the threshold for CT scan must therefore be low in these cases.
Patients who are on warfarin and have sustained a head injury should have a very high index of suspicion for intracranial haemorrhage; no matter what neurological signs they may or may not have.
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       CT scan of extradural hematoma                         CT scan of subdural hematoma
Extradural hematomas typically have a biconvex or lens shape, (as shown above left). This is in contrast to subdural hematomas which typically have a more elongated concave shape, conforming to the contours of the brain (as shown above right).

Further characteristics of extradural hematomas include:
●
Extradural hematomas may cross the midline.
● 
Epidural hematomas rarely cross the suture lines, (unlike subdural hematomas), because the dura is attached more firmly to the skull at sutures.
●
Irregular hypodense “swirling” is an indicator of active bleeding
Signs of raised intracranial pressure on CT include:
●
Midline shift
●
Loss of sulci
●
Loss or deviation of intracerebral ventricles
●
Loss of the basal cisterns.
MRI
This can readily detect an extradural hematoma, however offers no real advantage over CT in practical terms, due to lack of ready availability, and is far more problematic in unstable and/ or uncooperative patients

Management
1.
ABC:
●
The immediate priority is to assess and secure any ABC issues and establish IV access in all cases.
2.
Cervical spine precautions as clinically indicated.

3.
Monitoring:
●
There should be ongoing ECG and pulse oximetry monitoring.
4.
Analgesia:
●
Give adequate analgesia and antiemetic as indicated.
5.
Correct coagulopathies:
●
If a patient is on warfarin, then this must be reversed with prothrombin X, FFP and vitamin K.
6.
IV mannitol:
●
May be given if there are signs of severely raised intracranial pressure such as rapidly deteriorating conscious state and/or a falling pulse rate in association with a rising blood pressure
●
The need for mannitol should be discussed with the neurosurgeon.
7.
Prevent secondary brain injury:

Especially in the case of intubated patients: 

●
Head up 30 degrees.


●
Avoid hypoxia, maximize oxygen delivery

●
Maintain normocarbia, (avoid hypercarbia or hypocarbia).
●
Avoid acidosis

●
Avoid hypotension

●
Avoid hyperthermia
●
Avoid hyperglycemia or hypoglycemia.

●
Avoid seizure activity.
8.
Anticonvulsants: 

These should be given.
3 factors have been identified in the development late epilepsy in severe head injuries:

●
Seizures occurring within the first week.

●
An intracranial hematoma.

●
A depressed skull fracture.
Prophylactic phenytoin will reduce the incidence of seizures in the first week post injury, but not thereafter.

In adults give:

Phenytoin 1 gram IV at a rate not faster than 50 mg / min. 
9.
Steroids: 
●
Steroids do not have any beneficial effect on controlling raised intracranial pressure in severe head injury, nor have they shown any benefit in outcomes. 
●
Some studies in fact have demonstrated worse outcomes with steroid use.  
●
Steroids therefore are not recommended in the management of acute brain injuries.
10.
Neurosurgical referral:
Here should be urgent consultation with the neurosurgeon on call as soon as the diagnosis has been established and the patient stabilized.
The neurosurgeon will especially need to know the following:
●
The radiological diagnosis, including any signs of raised intracranial pressure. 
Note however, that if there is any delay in obtaining an “official” report this should not let this delay consultation with the neurosurgeon on call.
●
The patient’s current neurological status, including: 
♥
The GCS 
♥
Whether there are any localizing signs 
♥
Any changes that have occurred in this status since the injury.
●
The presence of any associated injuries.
●
Any significant co-morbidity, including especially in the case of elderly and debilitated patients, their normal functional status.
The neurosurgeon will make a decision about the need for and urgency of surgical drainage. Most cases of extradural hematoma (in contrast to subdural hematomas will require urgent surgical drainage)

SUBDURAL HEMATOMA
Introduction
Subdural hematomas are due to a collection of blood accumulating between the dura and the arachnoid. 
They can be acute, subacute or chronic.
The need for treatment and its urgency will depend on a range of factors. Treatment may range from urgent to conservative depending on these factors.

Pathology
Subdural hematomas are due to a collection of blood accumulating between the dura and the arachnoid. They are relatively more common than extradural hematomas, constitute about 30% of severe brain injuries. 
Subdural hematomas are usually secondary to tearing of bridging veins that run between the cortex and dural venous sinuses.
Brain damage underlying an acute subdural hematoma tends to be more sever than is the case with extradural hematomas.

Risk factors for subdural hematomas include: 
●
Cerebral atrophy
●
The elderly
●
Alcoholics 
●
Patients on warfarin.    
Clinical Features
Important features on history include:
1.
The mechanism of injury.
●
Note however that subacute or chronic subdurals are not commonly found in the elderly and confused where no clear history of trauma is available.
●
The subdural hematoma in these cases is usually found on CT done for investigation of a non-specific alteration in conscious state or confusion.   
2.
How has the patient’s neurological status changed since the injury?
3.
Any co-morbidities. 
4.
The usual level of function in cases of debilitated patients, such as nursing home patient in particular.
5.
Persistent severe headache.
7.
Persistent vomiting.
8.
Is the patient on warfarin?
Important features on examination include:
1.
The immediate priority will be the assessment of ABC issues.
2.
Conscious state, including the GCS.
3.
Does the patients have localizing neurological signs?

●
Unilateral limb weakness

●
Pupil size and reactivity
It is vital to appreciate however that classic “localizing signs” are rarely present and occur late if at all. 
Headache and persistent vomiting as well as more minor degrees in alteration of conscious state constitute far more common neurological signs.
Note also that so called “localizing signs,” do not always accurately reflect the side of pathology.      
4.
Look for any other significant injuries, especially to the cervical spine.
Investigations
Blood tests:
●
FBE
●
U&Es and glucose
●
Clotting profile, (always check if the patient is on warfarin)
Others as clinically indicated.
ECG
●
Non-specific ST changes
●
Arrhythmias
Bradyarrhythmias may be seen if the patient has significantly raised intracranial pressure.

CT scan brain:
This must be done on an urgent basis for any patient who may have an extradural or subdural hematoma.
Note that some patients may be drug or alcohol affected and so are difficult or impossible to assess neurologically and the threshold for CT scan must therefore be low in these cases.
Patients who are on warfarin and have sustained a head injury should have a very high index of suspicion for intracranial haemorrhage; no matter what neurological signs they may or may not have.
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      CT scan of extradural hematoma                         CT scan of subdural hematoma
Extradural hematomas typically have a biconvex or lens shape, (as shown above left). This is in contrast to subdural hematomas, which typically have a more elongated concave shape, conforming to the contours of the brain (as shown above right).

Further characteristics of subdural hematomas include:
●
They do not cross the midline because of the meningeal reflections, (unlike extradural hematomas). 
If seen on either side of the midline, this represents bilateral subdural hematomas.  
●
They can cross suture lines as they are not restricted by dural tethering at the cranial sutures, (in contrast to extradural hematomas)
●
They can also occasionally track along the falx or tentorium

It is important to look for any associated signs of raised intra-cranial pressure. These signs include:
●
Midline shift
●
Loss of sulci
●
Loss or deviation of intracerebral ventricles
●
Loss of the basal cisterns.
Radiologically, subdural hematomas may be roughly classified as: 
Acute:
●
< 24 hours old
●
These show as hyperdense collections, as compared to adjacent brain tissue. 

Subacute:
●
About 2 weeks old
●
These show as isodense collections as compared to adjacent brain tissue, (and hence may be difficult to distinguish)

Chronic:
●
Greater than 2 weeks old.
●
These show hypodense collections as compared to adjacent brain tissue.
Mixed:
Note that in cases of repeated trauma acute subdural hematomas, may be seen superimposed on a subacute or chronic hematoma

High attenuation acute bleeds will tend to “layer out” inferiorly (in a supine) patient, and will contrast with the low attenuation blood of a chronic collection which will be seen superiorly.
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Cerebral CT scan of a 77 year old male, who presented with recurrent falls and increasing confusion. The CT shows left sided subdurals of variable ages. The hyperdense regions represent acute bleeding, the dark hypodense region superiorly represents chronic a bleed, while the large isodense region represents a subacute bleed (approximately two week old). There is significant mass effect, with midline shift to the right, total loss of sulci on the left, and total obliteration of the left ventricular system. Note the difficulty in detection of the isodense hematoma. Bilateral isodense hematomas may not show midline shift, and can be very to diagnose, (Northern Hospital Melbourne).  

MRI
This can also readily diagnose subdural hematoma, but is not usually necessary with the availability of a CT scan.
It is useful in the following cases:
●
If there is a contraindication to CT scan, (radiation avoidance)
●
Isodense hematomas, difficult or impossible to distinguish on CT
●
Non availability of CT
●
Delineation of further intracerebral pathology, e.g. venous thrombosis
MRI is problematic in cases where patients are unstable and/ or cannot cooperate with the imaging procedure. Expense and availability are also limiting factors in its use. 

Management
1.
ABC:

●
The immediate priority is to assess and secure any ABC issues and establish IV access in all cases.
2.
Cervical spine precautions as clinically indicated.
3.
Monitoring:
●
There should be ongoing ECG and pulse oximetry monitoring.
4.
Analgesia:
●
Give adequate analgesia and antiemetic as indicated.
5.
Correct coagulopathies:
●
If a patient is on warfarin, this must be reversed with prothrombin X, FFP and vitamin K.
6.
IV mannitol:
●
May be given if there are signs of severely raised intracranial pressure such as rapidly deteriorating conscious state and/or a falling pulse rate in association with a rising blood pressure
●
The need for mannitol should be discussed with the neurosurgeon.
7.
Prevent secondary brain injury:

Especially in the case of intubated patients: 
●
Head up 30 degrees.

●
Avoid hypoxia, maximize oxygen delivery

●
Maintain normocarbia, (avoid hypercarbia or hypocarbia).
●
Avoid acidosis

●
Avoid hypotension

●
Avoid hyperthermia
●
Avoid hyperglycemia or hypoglycemia.

●
Avoid seizure activity.
8.
Anticonvulsants: 

These should be given.
3 factors have been identified in the development late epilepsy in severe head injuries:

●
Seizures occurring within the first week.

●
An intracranial hematoma.

●
A depressed skull fracture.

Prophylactic phenytoin will reduce the incidence of seizures in the first week post injury, but not thereafter.

In adults give:

Phenytoin 1 gram IV at a rate not faster than 50 mg / min. 
9.
Steroids: 

●
Steroids do not have any beneficial effect on controlling raised intracranial pressure in severe head injury, nor have they shown any benefit in outcomes. 
●
Some studies in fact have demonstrated worse outcomes with steroid use.  
●
Steroids therefore are not recommended in the management of acute brain injuries.
10.
Neurosurgical referral:
Here should be urgent consultation with the neurosurgeon on call as soon as the diagnosis has been established and the patient stabilized.

The neurosurgeon will especially need to know the following:
●
The radiological diagnosis, including any signs of raised intracranial pressure. 
Note however, that if there is any delay in obtaining an “official” report this should not let this delay consultation with the neurosurgeon on call.
●
The patient’s current neurological status, including: 
♥
The GCS 
♥
Whether there are any localizing signs 
♥
Any changes that have occurred in this status since the injury.
●
The presence of any associated injuries.
●
The presence of any associated injuries.
●
Any significant co-morbidity, including especially in the case of elderly and debilitated patients, their normal functional status.
The neurosurgeon will make a decision about the need for and urgency of surgical drainage.
Factors that will influence the decision to operate in cases of subdural hematoma will include:

●
The age of the bleed, (acute, subacute, chronic)

●
The age and normal functional status of the patient

●
The quality of life of the patient
●
The presence and type of any pre-existing limitation of medical treatment plan.

●
The comorbidity profile of the patient 

●
The extent of associated traumatic injury, if any
●
The extent of the subdural bleed, including the degree of raised intracranial pressure demonstrated on CT scan

●
The neurological status of the patient.

●
The wishes of the family

BASE OF SKULL FRACTURE
Introduction

●
Fractured base of skull can be a difficult diagnosis to make and may ultimately be a clinical one.
●
A sound knowledge of the anatomy of this region is required to appreciate the potential complications that this injury may have. 
●
All actual or suspected cases should be discussed with the neurosurgeon on call. 
Mechanism

●
A significant force is required to cause a skull fracture. The history will usually confirm this.

Complications

1.
As with all significant head injuries, the possibility of an associated cervical spine injury should be considered.
2.
As with any skull fracture there will be an increased likelihood of underling brain injury, (subdural, extradural, SAH, contusion and diffuse axonal injury) 
3.
As with any fracture in general, secondary infection with osteomyelitis may occur.  
4.
Specific localized complications: 
Trauma to the base of the skull may result in localized complications including:

Anterior cranial fossa
●
Injury to frontal lobes.
●
Injury to the first cranial nerve
●
Damage to the cribriform plate and leak of CSF and possible later meningitis.

Middle cranial fossa
●
Injury to temporal lobes
●
Fracture of the petrous temporal bone, with attendant injury to the 7th and 8th cranial nerves. 
●
Disruption of the inner/ middle/ outer ear with attendant hearing loss and leak of CSF with possible later meningitis.

●
Rarely there may be damage to the carotid vessels.
●
Rarely damage to the Vth cranial nerve, with involvement of the foramen ovale. 

Posterior cranial fossa

●
Injury to occipital lobes.
●
Damage to brainstem or vertebral arteries in the region of the foramen magnum.
●
Damage to the internal jugular vein cranial nerves IX, X and XI in the region of the jugular foramen, (rare)

Clinical Features
Clinical signs of a fractured base of skull may include:
1.
Anosmia (this is rare and tends to be a later complication)
2.
The presence of a subconjunctival haemorrhage that does not have a discernable posterior margin, (indicating possible injury to the region of the retro-orbit)   
3.
CSF rhinorrhoea:
●
This can be difficult to detect when CSF is mixed with blood.  If blood is placed on some absorbent filter paper and a clear ring of surrounding fluid may be seen this is termed a positive “halo” sign. It is suggestive of CSF. Note however that this is not a reliable test.
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4.
Hemotympanum:
●
Blood from the external auditory canal, which is not obviously from the surrounding external structures of the ear.
5.
CSF otorrhea:
6.
Bilateral peri-orbital bruising:
●
Otherwise known as “Raccoon eyes”. This may also be seen in direct peri-orbital orbital or nasal fractures as well however.
7.
Mastoid bruising:
●
Otherwise known as the “battle” sign. There is bruising seen behind the ear overlying the mastoid process.
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                       Raccoon eyes                                                         Battle sign 

Investigations
Fractured base of skull can be a difficult diagnosis to establish, if radiological confirmation cannot be obtained then it may in the end be a clinical diagnosis.
Plain radiology
Plain radiography is not reliable in diagnosing fractured base of skull. Plain skull x-ray should not be ordered for this indication.
At best only indirect evidence of base of skull fracture will be seen, including:
●
Air/fluid levels with internal sinuses, (ethmoid, sphenoid and mastoid)
●
The presence of intracranial air, in the absence of an obvious fracture of the vault of the skull.
CT Scan
●
CT scan with specific bony window views is the preferred radiological method of diagnosing a fractured base of skull.
MRI
●
This is most useful for looking for any suspected associated soft tissue or vascular injuries.
Biochemical
●
Beta-2 transferrin is specific and sensitive for CSF and so can be used to investigate cases of otorrhea and rhinorrhoea to confirm CSF leaks.
●
It is not present in tears, blood or mucous.

Management
1.
ABC issues:
●
As with all cases of head injury, the immediate priority will be close attention to any ABC issues which must be management as clinically indicated.
●
Attention must also be paid to any possible cervical spine injury or any other immediately life threatening associated injuries.
2.
Analgesia:
●
This must be carefully management with the recognition that narcotic analgesia will mask clinical signs of deterioration in neurological status. This is less of an issue in patients who are intubated and ventilated.
3.
Antibiotics: 
●
The use of antibiotics is controversial. Generally they are not required unless the open fracture is obviously contaminated.
4.
Nasogastric tubes should not be inserted in patients with a suspected fractured base of skull. 
5.
CSF leaks:

●
In most cases the defect will heal spontaneously. 
●
CSF rhinorrhoea has a higher incidence of persisting leak and meningitis as compared to CSF otorrhea. 

●
Occasionally the neurosurgeon will undertake a repair in cases of persistent leaks.
Disposition

All patients with a fractured base of skull or suspected fractured base of skull must be discussed with the neurosurgeon on call. 
VAULT SKULL FRACTURE
Introduction
The most important aspect to appreciate about a fracture of the vault of the skull is the potential underlying associated bleeding or brain damage that can occur. Liner skull fractures of themselves usually heal without complication. Depressed or comminuted skull fractures of the cranial vault may require surgical elevation. Open fractures will need surgical intervention.
Mechanism
●
A significant force is required to cause a skull fracture. The history will usually confirm this.
●
Depressed skull fractures result from a high-energy direct blows to a small surface area of the skull with a blunt object such as a hammer or golf ball. These types of injuries may warrant a CT even if neurological function has been normal

Classification of Skull Fractures
1.
Vault of skull:

●
Linear, (non depressed)

●
Depressed.

●
Comminuted.

●
Compound (or open).

●
Diastatic, (ie separation of a suture line)

2.
Basilar, (ie, base of skull)
Complications
1.
As with all significant head injuries, the possibility of an associated cervical spine injury should be considered.
2.
Associated brain injury:
●
As with any skull fracture there will be an increased likelihood of underling brain injury, (subdural, extradural, SAH, contusion and diffuse axonal injury). 
●
A fracture line crossing over a vascular groove, such as the middle meningeal artery, will increase the likelihood of an underlying extra-dural hematoma.
●
Remember however that significant brain injury can still of course occur without a skull fracture. 
3.
As with any fracture in general, secondary infection may occur leading to meningitis, brain abscess or osteomyelitis.
4.
As with any head injury, seizures may occur.
Further considerations in vault fractures of the skull:
5.
Depression of segments:

●
This may result in pressure on underlying brain tissue and may lead to seizures.
6.
Frontal sinus fractures
●
These pose a special problem, when the posterior wall of the sinus is involved, as the injury is then compound as the sinus is continuous with the nasal cavity.
Clinical Features

1.
The most important aspect of clinical assessment of the patient with a skull fracture will be the patient’s neurological status. 
●
This should be assessed via the GCS.
2.
When there is significant scalp laceration, a linear or more often a depressed skull fracture, may be palpated by a gloved finger, however this is not reliable in ruling out skull fracture, or more importantly in determining the need for a CT scan.
3.
Detection of CSF

●
This can be difficult to detect when CSF is mixed with blood.  If blood is placed on some absorbent paper and a clear ring of surrounding fluid is seen this is termed a positive “halo” sign. It is suggestive of CSF. 
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4.
In severe injuries, brain substance may be seen. It appears as a pearly grey colour.
Investigations

Plain radiology
●
Plain radiography is not reliable in diagnosing vault fractures of the skull. Plain skull x-ray should not be ordered for this indication.
●
The exception is the case of children, in whom non-accidental injury suspected. A skull x-ray may then be included in the skeletal survey in order to document the extent of abuse. 

If done, a skull fracture may on occasions be difficult to differentiate from a normal skull suture line or a normal blood vessel groove. 

The following table provides some differentiating features between these:

	Fracture Line


	Suture Line
	Blood vessel

	Greater than 3 mm width.
	Less than 3 mm width.


	Less than 3 mm width.



	Wider at periphery.
	Same width throughout.


	Narrower as moves to periphery.

	Sharper edge, runs through both the outer and the inner lamina of bone, hence appears darker. 


	Lighter on x-rays compared with fracture lines.


	Lighter on x-rays compared with fracture lines, less distinct edges. 



	Usually relatively straight or sharp angulation.


	Mildly curvaceous.
	Relatively curvaceous and branching.

	Course unrelated to known suture lines, commonly tempero-parietal.


	Follows the known suture lines.
	Typical location of the middle meningeal artery.


CT Scan
●
CT scan with specific bony window views is the preferred radiological method of diagnosing a fractured vault of the skull.

●
More importantly the main utility of a CT scan is the assessment of any underlying brain injury.
MRI
●
MRI or MRA (magnetic resonance angiography) is of ancillary value for suspected associated ligamentous and vascular injuries. Bony injuries are far better visualized using CT scan.
Biochemical
●
Beta-2 transferrin is specific and sensitive for CSF and so can be used to investigate cases of otorrhea and rhinorrhea to confirm CSF leaks.
●
It is not present in tears, blood or mucous.

Management
1.
ABC issues:
●
As with all cases of head injury, the immediate priority will be close attention to any ABC issues which must be managed as clinically indicated.
●
Attention must also be paid to any possible cervical spine injury or any other immediately life threatening associated injuries.
2.
Analgesia:
●
This must be carefully managed with the recognition that narcotic analgesia will mask clinical signs of deterioration in neurological status. This is less of an issue in patients who are intubated and ventilated.
3.
Compound skull fractures 
These must have antibiotics urgently

●
Give IV flucloxacilln.
4.
Anticonvulsants:
These should be given in cases of depressed skull fracture 
3 factors have been identified in the development late epilepsy in severe head injuries:

●
Seizures occurring within the first week.

●
An intracranial hematoma.

●
A depressed skull fracture.
Prophylactic phenytoin will reduce the incidence of seizures in the first week post injury, but not thereafter.

In adults give:  Phenytoin 1 gram IV at a rate not faster than 50 mg / min. 
5.
Neurosurgical intervention:
The main focus of neurosurgical interventions are directed toward associated vascular or brain injury.

With respect to the vault skull fractures themselves:
●
Depressed fractures (as a general rule, those depressed more so than the width of the bony cortex) will require surgical elevation and fixation. This is primarily to reduce the incidence of post injury seizures. 
●
Open fractures should have early operative intervention, repair and closure. Detection of CSF or brain matter will obviously suggest an open injury. The presence of air within the cranial vault will also suggest this.

Disposition

●
Any patient with a skull fracture must be discussed with the neurosurgeon on call
●
All should be admitted.

GLASGOW COMA SCALE

Adult Glasgow Coma Scale





	Best Motor Response

	Obeys commands
	Score
	6

	Localises to pain
	Score
	5

	Withdraws to pain
	Score 
	4

	Flexor response to pain
	Score
	3

	No response
	Score
	1

	Subscore
	

	Best Verbal Response

	Orientated
	Score
	5

	Confused
	Score
	4

	Inappropriate words
	Score
	3

	Incomprehensible sounds
	Score
	2

	No response
	Score
	1

	Subscore
	

	Best Eye Response

	Spontaneous opening
	Score
	4

	Opens eyes to speech
	Score
	3

	Opens eyes to pain
	Score
	2

	No response
	Score
	1

	Subscore
	

	Total score (out of 15)
	


CLASSIFICATION OF SEIZURES

The International Classification of Epileptic Seizures 1
It is important to ascertain seizure type in patients and, when possible, epileptic syndrome, (or exact disease) as it is these that will largely determine:

●
The type of investigation a neurologist will undertake 

●
The type of treatment that will be required.

Seizures are classified into two basic groups, partial and generalized
Partial seizures involve only a portion of the brain at the onset. 
These can be further divided into two sub-types: 
●
Simple partial, in which consciousness is not impaired 
●
Complex partial, in which consciousness is impaired 
Both types of partial seizures can spread, resulting in secondarily generalized tonic-clonic seizures.

Generalized seizures are those in which the first clinical changes indicate that both hemispheres are initially involved. 
Consciousness is usually impaired during generalized seizures, although some seizures, such as the myoclonic type, may be so brief that impairment of consciousness cannot be assessed.
Partial seizures: 
A. 
Simple partial seizures (consciousness is not impaired):
1.
With motor signs: 
●
Focal motor without march 
●
Focal motor with march (Jacksonian) 
●
Versive 
●
Postural 
●
Phonatory
2. 
With somatosensory or special-sensory symptoms:
●
Somatosensory 
●
Visual 
●
Auditory 
●
Olfactory 
●
Gustatory 
●
Vertiginous
3. 
With autonomic symptoms or signs 
4. 
With psychic symptoms:
●
Dysphasia 
●
Dysmnesic 
●
Cognitive 
●
Affective 
●
Illusions 
●
Structured hallucinations
B. 
Complex partial seizures (consciousness is impaired)
1. 
Simple partial seizures at onset, followed by impairment of consciousness 
●
With simple partial features 
●
With automatisms
2. 
With impairment of consciousness at onset 
●
With impairment of consciousness only 
●
With automatisms
C. 
Partial seizures evolving to secondarily generalized seizures 
1. 
Simple partial seizures evolving to generalized seizures 
2. 
Complex partial seizures evolving to generalized seizures 
3. 
Simple partial seizures evolving to complex partial seizures evolving to generalized seizures

Generalized seizures: 
A. 
Absence seizures:
1. 
Typical absence seizures:
●
Impairment of consciousness only 


With variants:
●
With mild clonic components 
●
With atonic components 
●
With tonic components 
●
With automatisms 
●
With autonomic components
2. 
Atypical absence seizures
B. 
Myoclonic seizures 
C. 
Clonic seizures 
D. 
Tonic seizures 
E. 
Tonic-clonic seizures 
F. 
Atonic seizures

Status Epilepticus
A patient who has continuous seizures or does not recover between recurrent seizures that are “so frequently repeated or so prolonged as to create a fixed and lasting condition” is considered to have status epilepticus (SE). 
Clinical and experimental data indicate that generalized convulsive seizure activity for 30 minutes is a reasonable criterion for use of the term, at least for recurrent seizures, because brain damage may occur at this point. 

Aggressive treatment should start much sooner, however. 

Just as there are many types of epileptic seizures, there are many forms of SE. 
The simplest current classification of status epilepticus however is convulsive versus non-convulsive SE.
Types of Status Epilepticus: 
Convulsive:
●
Generalized tonic-clonic
“Grand mal”; may be secondarily generalized 






from a 
focus
●
Myoclonic


●
Tonic:



Paediatric; often with Lennox-Gastaut syndrome
●
Atonic/akinetic

Paediatric; often with Lennox-Gastaut syndrome
●
Clonic



Infants
Non-convulsive:

●
Generalised (absence status) 
Or 
●
Partial: 

♥
Simple partial status

♥
Complex partial status
FIRST SEIZURE

Introduction

All first seizures in adults should have a screening CT scan of the brain before leaving the emergency department. MRI is in fact the best neuroimaging modality; however cost and availability limit its routine use for all cases.  

All first seizures must have appropriate follow-up organized before leaving the emergency department.

A vital aspect of the follow-up of patients with first seizures is an EEG examination. The earlier this is done following a seizure, the better will be the diagnostic yield. All patients should ideally have their EEG within 24 hours of their seizure.

As a general rule drug therapy is not routinely commenced following a first unprovoked seizure. 
Pathophysiology

A first seizure caused by an acute disturbance of brain function (acute symptomatic or

provoked) is unlikely to recur (3-10%). 
If a first seizure is unprovoked, however, meta-analyses suggest that 30-50% will recur

 After a second unprovoked seizure, 70-80% will recur, justifying the diagnosis of epilepsy (a tendency for recurrent seizures).
Clinical Assessment

Important points of history:
1.
Obtaining a history directly from an eyewitness. 
An attempt should be made to contact eyewitnesses and obtain a precise history.
Was the witnessed episode consistent with a seizure?
Associated features that suggest a seizure include:

●
Tongue bite injury

●
Post ictal confusion

●
Loss of continence. 

●
A short period of cyanosis may occur.
●
Was there any associated trauma?
2.
How long did the seizure last and did more than one seizure occur?
3.
Is there a history of drug or alcohol abuse?
4.
Has there been any recent sleep deprivation, (a recognized risk factor).
5
Previous seizures:
●
Many people presenting for the first time with a convulsive seizure have in fact had prior unrecognized seizures.
6.
Any current medical conditions, allergies or medications.
Important points of examination:
1. Assessment of ABC issues.
2. Bedside glucose estimation.
3. Look for any signs of trauma:
●
In particular to the neck or head.
●
Evidence of a bitten tongue, will help to confirm the suspicion that a seizure has occurred.
4.
Look for fever or other signs of sepsis.

Differential diagnoses
The main ones that will need to be considered include:
●
Syncope
●
Arrhythmias
●
Pseudo-seizures

Investigations

Blood tests:
●
FBE
●
U&ES, (in particular look for hyponatremia)
●
Glucose
●
Magnesium and calcium levels.
●
LFTs (if indicated, eg; heavy alcohol intake).
●
Others only as clinically indicated.

ECG:
Some collapses may actually be due to arrhythmias, look especially for evidence conditions which may predispose to these, such as:
●
WPW
●
Brugada’s syndrome
●
Prolonged QT syndrome. 
●
Ischemia 
●
ARVC
CT scan:
●
All adult patients with first seizures must have a CT scan before leaving the Department.
●
Although MRI is the best investigation for a first seizure, expense and availability limit its use. CT is a good initial screening test however, and should be done in adults in all cases. 
For children
●
The decision to CT is more problematic in children below the age of 16 years.
●
Generally CT scan is not routinely done, in well, uncomplicated and non-traumatic first seizures.

MRI:
●
MRI is the best imaging investigation for first seizure.
●
Not all cases however will require routine MRI in otherwise uncomplicated first seizures. 
●
The need for an MRI scans needs to be assessed on a case by case basis.  
●
Neurologist opinion should be sought in cases of uncertainty.
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A 44 year old woman with a first seizure had an apparently normal computed tomogram (left), whereas the corresponding magnetic resonance image (right) was obviously pathological, revealing a right hemispheric glioma, thus demonstrating the superiority of MRI for structural neuroimaging. 
Management

1. ABC:
●
Attend to these as clinically indicated. 
●
IV access for period of observation.
2. Control seizure activity, as required
3. Close observation till the patient is alert and well.
4.
Need for medication:
●
Drug treatment after a first seizure is controversial
●
In general drug treatment is not routinely commenced after a first unprovoked seizure. 
●
Any decision to start treatment in an individual case must weigh the risk of another seizure against the risks of side effects from chronic drug treatment.

Treatment may be justified when the risk of recurrence is high, such as with a focal structural brain lesion and corresponding EEG epileptiform activity.
●
In cases where uncertainty exists, consultation with a neurologist should be undertaken.
5.
Choice of drug treatment:

The choice of drug treatment, if needed. will be made by the neurologist. 

In general terms, the following is taken into consideration:
If drug treatment is considered after a first seizure, the chosen antiepileptic drug should have: 
●
High efficacy
●
Long term safety
●
Good tolerability
●
Low interaction potential

Allowance for a good quality of life, especially since half of all patients would never have another seizure without treatment. 
The starting dose should be in the lower range, and can then be titrated upwards as required.

Phenytoin and barbiturates are now avoided because of neurotoxic and cognitive side effects. 

If an underlying epilepsy syndrome has been established, the following antiepileptic drugs are available (listed alphabetically because there are no available comparative trials after a first seizure):

For focal seizures options include

●
Carbamazepine, clobazam (especially children), gabapentin, lamotrigine, oxcarbazepine, topiramate, valproate
For generalised seizures options include:
●
Lamotrigine, topiramate, valproate.

Drug choice needs to be individualised. Consideration is given to factors such as: 
●
Teratogenicity
●
The patient’s cognitive abilities
●
Drug interactions
●
The doctor’s familiarity with the drug
●
Cost.
Disposition
1.
Referral to a First Seizure Clinic:
●
Once the patient is stable, alert, oriented and all observations and investigations are normal, then they should be referred to a dedicated First Seizure Clinic. 
2.
EEG:
●
The patient should have an EEG organised within 24 hours.
3.
MRI:
●
An MRI is also often desirable, but this decision will generally be made by the reviewing Neurologist, unless there is a compelling reason to do it in the ED beforehand.
4.
Patient advice:
●
The patient must be advised, to avoid possible hazards such as driving, swimming, operating dangerous machinery or climbing ladders, until he/she has been reviewed by the Neurologist.
5.
Safe environment:
●
Patients should in most cases be sent home in accompaniment with a carer. 
6.
Children:
●
All cases should be referred to the pediatric unit for further assessment and follow-up planning before discharge from the ED
STATUS EPILEPTICUS

Introduction

Status epilepticus is commonly defined as:
●
Continuous seizure activity lasting more than 30 minutes or
●
Two or more seizures without full recovery of consciousness between the seizures.

These guidelines refer to “generalized convulsive” status epilepticus”. Generalized refers to abnormal excessive and widespread cortical electrical activity, while convulsive refers to the motor activity of a seizure.

This is in distinction to “non-convulsive” status epilepticus which includes such conditions as absence status epilepticus, complex partial status epilepticus, and other epileptic “twilight states”.

Pathophysiology
Causes:
1. Primary epilepsy.
2. Head trauma.
3. Cerebral tumors (primary or secondary)
4. Infection:
●
Febrile seizures in children
●
CNS, meningitis, encephalitis, cerebral abscess
●
Severe generalized sepsis.
5. Stroke:
●
This may be of any type including subarachnoid hemorrhage. 
6. Raised intracranial pressure of any cause, including:
●
Cerebral edema (of any cause).
●
Blocked V-P/A shunts.
●
Space occupying lesions.
7.
Metabolic causes:
●
Hypoglycemia
●
Hypoxia / hypercarbia / severe hypocarbia
●
Electrolyte disorders, especially hyponatremia. 
Less commonly hypernatremia, hypocalcaemia, and hypomagnesemia.
●
Hyperthyroid storm
●
End stage organ failure, including hepatic encephalopathy and uremia.
8.      
Drug related:
Overdose:
●
In particular TCAs, theophylline, cocaine, amphetamines, alcohol and isoniazid.
Withdrawal syndromes:
●
Alcohol, benzodiazepines, barbiturates
Drugs that lower seizure threshold:
Particularly in those who are predisposed. Many drugs have been anecdotally implicated. Some of the more common ones include:
●
Tramadol
●
Clozapine
●
Cannabis
Hyperthermic drug reactions:
●
Serotonin syndrome
●
Neuroleptic malignant syndrome
●
Malignant hyperpyrexia
9.       
Toxins / poisons
●
Many drugs and toxins can produce seizures.
10.
Hyperthermia
of any cause.
11.
Pregnancy related:
●
Eclampsia.
12.
Previous brain injury:
●
This is due to presumed scarring from previous neurological insults such as stroke, trauma or congenital cerebral palsies.
13.
Degenerative brain disorders of any cause.

Complications:
1. Airway:
●
Hypoxia
●
Aspiration
2. Injury, including:
●
Fractures due to falls or even severe muscle contraction
●
Joint dislocation, in particular posterior shoulder dislocations.
3.
Metabolic:
●
Hypoglycemia
●
Hyperthermia, (this is more commonly due to seizure activity itself than to infection)
●
Lactic acidosis
●
Rhabdomyolysis
4.
Todd’s paresis:
●
This is a transient non-progressive focal paralysis occurring in the post ictal period generally lasting 1-2 hours.
7. Neuronal damage:
●
If seizures are prolonged beyond 30-60 minutes irreversible neuronal damage may occur independent of secondary complications.
8. End stage complications:
Ultimately muscle contractions cease even though seizure activity continues and this will present diagnostic difficulty if the patient is brought to the ED at this stage. The patient is comatose and hyperthermic.

Death can occur from:
●
Cerebral edema
●
Multi-organ failure.

Clinical features

Generalized convulsive status epilepticus is readily recognizable when typical rhythmic tonic-clonic activity is present. 

Consciousness is impaired. 

A period of cyanosis is common due to impaired respiration.

The airway will often be compromised to a variable extent.

The pupils often dilate.

Rarely, status epilepticus may present as a persistent tonic seizure.

End stage convulsive status epilepticus
It is important to note that following prolonged generalized seizures, motor activity may diminish, even to the point of ceasing.
Electrical cerebral seizure activity may still continue in the absence of motor activity. 

The patient remains unconscious, may become hyperthermic, and has increasing metabolic abnormalities, ultimately leading to cerebral edema, multi-organ failure and death.   

Psychogenic seizures
Occasionally pseudoseizures may be difficult to differentiate from genuine seizure activity, however the former will have none of the severe metabolic consequences of generalized convulsive status epilepticus.

Investigations

Once seizures have been controlled the following investigations need to be considered:

Blood tests:
●
FBE
♥
WCC can be elevated, but is non-specific, it may be due to sepsis or it may 
be due to the seizure activity itself.
●
Glucose, (urgent bedside) 
●
U&Es:

♥
Including urgent sodium level
●
ABGs 
♥
A lactic acidosis may be seen
●
Magnesium and calcium levels.
●
LFTs 
●
CK 
●
Serum myoglobin levels.
●
Drug levels: 

♥
Such as phenytoin or valproate 

♥
Drug screens where indicated.

●
Blood cultures.

CXR 
●
For infection or aspiration.

ECG
●
As for any unwell patient.
Urine
 ●
For FWT, micro and culture, drug screen, myoglobin, as clinically indicated.
CT Scan
●
This should be done in all cases, once the patient has been stabilized.
MRI
●
This may be considered, once a patient is stabilized and the diagnosis still remains unclear following a CT scan.

Lumbar Puncture
●
Patients should always be stabilized before this procedure is contemplated.
●
It should never delay empirical treatments such as antibiotics or antiviral agents.
●
It should not be done in cases of raised intracranial pressure, (including space occupying lesions).

EEG
●
EEG may be required to make the definitive diagnosis, especially in unconscious intubated patients. 
●
Access is problematic in most centres unless they have a specialist neurological unit. Specialist interpretation will also be required.

Management
1.
ABC measures:
●
Attention to ABC, generally this means keeping patient in coma position, clearing secretions, proving oxygen and keeping the patient from physical injury. 
●
Attempts at oral airways should be avoided during the actual seizure.
●
Patients usually require no specific treatment for the first 5 minutes, other than the above measures.
2.
Glucose:
●
For seizures lasting 5-10 minutes glucose should be checked and IV inserted. 
●
If possible pulse oximetry and ECG monitoring established, this may be problematic in ongoing seizure activity however.
3.
Benzodiazepines:
For seizures lasting longer than 5-10 minutes benzodiazepines should be given.
Options include:
IV clonazepam
●
Adults 

0.5-2.0 mg bolus up to 10 mg.
●
Children 
0.25-0.5 mg bolus up to 5.0mg 2

IV diazepam
●
Adults

5.0 mg boluses up to 30.0 mg
●
Children
0.1 to 0.25 mg/kg IV 2
Midazolam


●
IV

0.1 mg/Kg, (range 5-10 mg)
●
IM

0.2 mg/Kg

Note that if IV access is impossible, options include:
●
PR diazepam (0.5 mg/kg) may be given. 2
●
IM (or buccal), midazolam (0.2 to 0.5 mg/kg/dose up to a maximum of 10 mg may be given). 2
4.
Thiamine:
●
Give thiamine (100mg IV) if the patient is alcoholic and especially if glucose has been given.
5.
Phenytoin:
In general terms, for recurrent seizures or seizures lasting longer than 20-30 minutes, IV phenytoin infusion should be considered:

●
Load with 15mg/kg IV (but up to 20 mg/ kg can be used) at a rate not exceeding 50mg/min (in an average adult this will come to about 1 gram over 20 minutes). 
●
In children the rate should not exceed 1 mg/kg per minute, up to 25 mg per minute.
●
If the patient is already on phenytoin then give half the loading dose (non-compliance is far more common than compliance) and get an urgent phenytoin level done.
6.
Sodium Valproate:
There is some evidence that IV sodium valproate may be more effective than IV phenytoin  


The Neurology Therapeutic Guidelines recommends the following dosing regime: 
●
Sodium valproate 400 to 800 mg depending on body weight (up to 10 mg/kg) by slow IV injection over 3 to 5 minutes.
●
Usually followed by continuous infusion of 1-2 mg/kg/hour up to a maximum of 2500 mg/day, according to the patient’s clinical response.
7.
Intubation:
For generalized convulsive seizures lasting 30-60 minutes and not controlled by above measures, anesthesia (ie intubation and paralysis) will need to be considered.

●
Note that where certain specific pathologies are suspected, such as trauma or drug overdose, intubation should occur much earlier than the generally quoted 30-60 minutes. 
●
Anesthesia will ensure protection from many of the secondary complications of seizure activity by protecting the airway, providing oxygen and allowing paralysis. 
●
Paralysis will protect against the deleterious effects of prolonged muscular activity, (hyperthermia and rhabdomyolysis).
●
It is important to recognize that even in the intubated and paralysed patient, seizure activity may still be occurring. In this setting only an EEG will determine if seizures have been controlled. 

Following intubation ongoing sedation with an infused anticonvulsant agent should commence.

Suitable agents for ongoing infusion include: 
●
Midazolam
●
Propofol 
●
Thiopentone 
8.
Treatment of any underlying cause:
It is important to recognize that treatment may be ineffective unless an underlying reversible cause is treated.


Important underlying causes will include:

●
Hypoglycemia
●
Trauma
●
Infection
●
Hyponatremia

●
Drugs / toxins / poisons:
♥
Some drugs may have specific antidotes, such as pyridoxine in cases of isoniazid poisoning. 

Empirical antimicrobials such as cefotaxime and aciclovir should be considered in cases were the diagnosis is unclear. 

Disposition:
●
All patients who have had status epilepticus should be admitted to hospital.
●
HDU/ICU consultation should also be sought

BACTERIAL MENINGITIS

Introduction

●
Bacterial meningitis is most commonly a disease of childhood or adolescence, however all age groups can be affected.
●
Untreated this condition will usually prove fatal.
●
Note that infection with meningococcus may present not only as meningitis, but also as meningococcal septicaemia, (a disease just as serious and just as rapidly fatal). 
Pathology

Infectious route
Spread to meninges may occur via:

●
Nasopharynx
●
Middle ear
●
Sinuses
●
Dental infections
●
Cranial trauma, surgery or intracranial devices, (V-P shunts etc)
●
Haematogenous

Predisposing Factors
These may include:
1.
Immunocompromised
2.
Surgical predispositions 
●
Recent neurosurgery.
●
V-P shunts and other intracranial devices.
3.
Trauma, including base of skull fracture and compound fractures of the cranial vault.
4.
Those who have not been vaccinated for Haemophilus, meningococcus or pneumococcus. 

Complications
1.
Septicaemic shock with cardiovascular collapse and death.
2.
Electrolyte disturbances, in particular:

●
Hyponatremia, (due to SIADH)

●
Hypoglycemia

3.
CNS
●
Confusion

●
Altered conscious state, coma

●
Seizures
4.
DIC
5.
Amputation of grossly septic / ischemic limbs, especially in case of meningococcemia.
6.
Long term neurological sequelae in survivors, including:
●
Intellectual impairment.
●
Sensorineural deafness.

●
Focal neurological deficits, less commonly.

Organisms
For community acquired organisms:
1.
Organisms to consider in infants under 2 months of age include:
●
Group B streptococcus
●
E. coli and other Gram-negative organisms 
●
Listeria monocytogenes 
●
S. pneumoniae 
●
N. meningitidis 
●
Haemophilus influenzae type b.
2.
The usual organisms causing bacterial meningitis in children over 2 months of age are:
●
Streptococcus pneumoniae.
●
Neisseria meningitidis 
●
Haemophilus influenzae type b (however Hib uncommon after age 6). 

Other organisms may be involved depending on a patient’s risk factors, including:
1.
Staphylococcus aureus in cases of trauma, neurosurgery and V-P shunts.
2.
Immunocompromised states, including:

●
TB


●
Cryptococcus

●
Fungal.

Differential Diagnoses to bacterial meningitis include:
Differential diagnoses which may obscure the clinical picture include:
●
Viral meningitis (usually enterovirus, arbovirus or coxsackie virus)
Note that the signs and symptoms of viral meningitis are similar to those of bacterial but generally less severe, however it is important to recognise that these 2 conditions cannot be reliably differentiated on clinical grounds, or on initial investigation in the ED. 
●
Partially treated bacterial meningitis.
●
Meningitis in the immunocompromised, TB meningitis, Fungal meningitis.

Clinical Features
Whilst “classical” signs and symptoms are well described for meningitis it is critical to recognize that most presentations will not be classical. Many factors will influence the way in which a patient presents.

The younger the patient the more non specific and the less reliable will be the clinical signs and symptoms. In neonates the “typical” signs will be totally unreliable. 

The most consistently reliable features (especially in combination) will include
1.
Fever in association with purpuric rash 
2.
Appears “unwell”
Unwell essentially includes severe “constitutional” symptoms 
These are non specific symptoms and /or significantly abnormal vital signs of severe bacterial infection, (see also guidelines on PUO in adults and indicators of serious illness in children)


●
Headache, especially severe.

●
Nausea / vomiting/ anorexia.
●
Myalgia, especially severe.
●
Extreme malaise / lethargy

●
Toxic general appearance.

Important Points of History
1.
Vaccination, to haemophilus, meningococcus or pneumococcus.
2.
Any immunocompromise, HIV, recent chemotherapy / radiotherapy, malignancy etc.
3.
Any history of contact with confirmed or possible cases of meningitis, especially meningococcus.
4.
Recent cranial / spinal trauma, surgery, devices in situ.
5.
Recent antibiotic use.
6.
Intravenous drug use
7.
Recent travel to known endemic areas for meningococcus.

Patients with headache, especially if severe and unrelieved by simple analgesics, in association with fever without obvious focus, must always have meningitis considered in the differential diagnosis. 

Important Points of Examination
1.
Fever
2.
CNS

●
Confusion

●
Altered conscious state
3.
Signs of meningeal irritation:
●
Neck stiffness, (it is important to note that absence of this sign does not rule out the possibility of meningitis, all other clinical features must also be taken into consideration)
●
Positive Kernig’s sign, (pain and hamstring spasm resulting from passive attempts to straighten leg with hips flexed).

●
Brudzinski’s sign, (passive neck flexion resulting in flexion of hips and knees)
●
Photophobia, a very non specific and subjective finding, overall a much less reliable feature.
4.
Rash

●
Look for a purpuric rash, ie a non-blanching hemorrhagic rash. 
●
Technically petechiae are pinpoint non-blanching spots. Purpura are larger non-blanching spots (>2mm), however for practical purposes the distinction is not relevant. Any patient with fever and non-blanching rash must be strongly considered as having serious bacterial (meningococcal, hemophilus or pneumococcal) infection in the first instance.

In infants clinical features are non specific but may include:
1.
“Paradoxical irritability” may be noted, ie, more irritable with movement, ie attempts to console)
2.
Bulging or tenseness of the anterior fontanelle, indicating raised intracranial pressure.
3.
Less than 6 months of age may present with an isolated seizure. If there is no apparent cause for this an LP should be done if there are no contra-indications to this.
4.
Non specific signs of unwellness in association with fever will increasingly be the most common and important feature the younger the patient is.

Investigations

Blood Tests
1.
FBE

●
Elevated WCC.
2.
CRP

●
Will usually be elevated.
3.
U&Es and glucose

●
Look especially for hyponatremia and hypoglycemia.
4.
Blood cultures 
5.
Clotting profile.

Lumbar Puncture
Current expert thinking is that LP should in most cases not be performed in the first instance.
The major issues of concern are:
1.
It should not be done in cases of suspected raised intracranial pressure:
Note that whilst CT scan can detect signs of raised intracranial pressure, (ICP) it cannot exclude it. In other words a normal CT scan will not rule out raised intracranial pressure. 

The diagnosis of raised intracranial pressure therefore may need to be a clinical one.
Clinically raised ICP may be indicated by: 
●
Altered conscious state/ drowsiness or confusion
●
Headache, especially persistent and severe.
●
Vomiting, especially unexplained and persistent.

Two other signs commonly quoted are much less useful:
●
Papilloedema, (this is an unreliable and late sign of raised ICP in meningitis).
●
Lateralizing neurological deficits, (pupillary signs or weakness), these are less commonly seen and are very late signs.

LP done under conditions of raised ICP put the patient at risk of “coning” meaning herniation of the brainstem through the foramen magnum, resulting in death.  

2.
It should not be done if there is a coagulopathy.
●
This includes any case where a purpuric rash is present, (this is characteristic of meningococcus in particular).

The diagnosis of meningitis in any case can be made from the blood cultures and blood PCR testing in most cases.

With specialist advice, LP may be considered 24-48 hours or more following initiation of antibiotic treatment and clinical improvement of the patient, if a diagnosis has not already been made, or if the patient is not responding to treatment or the diagnosis is in doubt.
CSF testing:

1.
Biochemical (protein and glucose) and cell count findings:
●
See tables listed in Royal Children's Hospital, Melbourne guidelines.
2.
Microbiology:

●
Urgent gram stain for bacteria.
3.
CSF Bacterial Antigen Testing:
●
This test can be useful if positive, but if negative does not rule out infection. The specificity and sensitivity of this test however is not high and so cannot be relied on for definitive diagnosis. With the availability of PCR testing, its use has declined. 
●
A panel is done for neisseria meningitidis, streptococcus pneumoniae, group B streptococci, hemophilus influenzae, E. Coli and cryptococcus, 

PCR Testing:
This test replicates specific bacterial DNA sequences to levels that can be readily detected and identified.
Polymerase chain reaction testing is available for the following bacterial pathogens:
●
Neisseria meningitidis on blood and CSF samples
●
Streptococcus pneumoniae on CSF only.

This test is especially useful for patients who have already received antibiotics, 1 or in whom other diagnostic tests have proved inconclusive and clinical suspicion remains.
Its disadvantage over culture of an organism is that it cannot be used to determine antimicrobial susceptibility.

CT scan
This is not a useful test for meningitis, but may be required to rule out possible alternative diagnoses, according to the clinical picture in each case.
Indications include:
●
Focal neurological signs.
●
Depressed conscious state. 
●
Seizures
●
Immunocompromise, (eg HIV, where there will be a higher risk of unusual infections such as cerebral toxoplasmosis)
●
A known or suspected space occupying lesion. 

There is sometimes concern about the need to do a CT scan prior to LP, in order to exclude an occult mass lesion, which could lead to cerebral herniation during subsequent CSF removal. This will not be routinely necessary for this indication unless the patient has other clinical features to suggest that there may be other space occupying cerebral pathology.
Throat/nasopharyngeal swab
●
This is useful for the detection of meningococcal carriage.

Management
1.
Attend to any immediate ABC issues.
2.
IV access and take bloods as above
3.
Fluids

●
Initial fluid resuscitation, as clinically indicated.
●
Once initial fluid resuscitation has occurred, fluid management can be complicated in children due to SIADH, 
4.
Antibiotics
●
Note that the early administration of parenteral antibiotics in cases of bacterial meningitis will reduce both morbidity and mortality. Because meningitis, (especially that due to meningococcus) can be a rapidly fulminating disease it is imperative to give antibiotics as soon as the diagnosis is considered. 

Further, the administration of antibiotics must take precedence over potentially time consuming investigations including lumbar puncture and CT scanning.

●
Important scenarios for this will include:
a.
Any patient including adults and especially children who appear clinically “unwell”. 
b.
Any patient with a fever and purpuric rash whether they are “well” or unwell must be strongly considered.
c.
Any febrile neutropenic patient, (or other significant immunocompromising condition), regardless of whether the are well or unwell
●
In the first instance antibiotic treatment will need to be empirical. Treatment can be modified once culture and sensitivity results become available.

●
Empirical antibiotics should include


IV benzyl penicillin, (especially for meningococcus and Listeria)


AND

IV cefotaxime (or ceftriaxone), (for hemophilus, pneumococcus and meningococcus and E. coli)
5.
Steroids:
●
In adults, treatment with dexamethasone 10 mg IV 6 hourly for 4 days has been shown to improve outcomes.  The first dose should be given before or at the time of the first antibiotic dose.
●
Dexamethasone, (given 15 minutes before antibiotics are commenced) has been found useful in minimising the incidence of complications, (especially sensorineural deafness) in children, (over 1 month of age) especially for Haemophilus influenzae type B. The dose in children is 0.15 mg / kg IV (to a maximum of 10 mg) 6 hourly for 4 days. Antibiotics should not however be delayed more than 30 minutes after a decision has been made to treat for meningitis. 
6.
Supportive Measures may include:


●
Intubation and ventilation

●
Ongoing fluid resuscitation

●
Inotropes

●
Renal support

●
Correction of coagulopathy
Disposition
1.
All patients with meningitis or suspected meningitis must be admitted to hospital.
2.
Patients with presumed “viral” meningitis should also be admitted in the first instance for at least a period of observation and treated as bacterial until proven otherwise. Early presentations of bacterial meningitis may be impossible to distinguish from viral meningitis on clinical or investigative grounds.
3.
Patients who are unwell must be discussed with ICU, early.
4.
All paediatric cases must involve the paediatric unit early. 
5.
All patients with suspected or confirmed meningitis must be admitted to an isolation bed.
Contacts

Note that both the index case and close household contacts (over previous 10 days) will require chemoprophylaxis therapy in cases of confirmed meningococcus or hemophilus, (not for pneumococcus). Options include Rifampicin, ceftriaxone and ciprofloxacin.

MENINGOCOCCAL SEPTICEMIA

Introduction

Infection with Neisseria meningitidis can result in rapidly fulminating and fatal illness.

It can take the form of:
1.
Meningitis, (see Bacterial meningitis guidelines) or
2.
Septicemia, (meningococcemia or meningococcal septicaemia) or
3.
A combined septicaemic/ meningitis picture.

(Rarely meningococcal disease may present with conjunctivitis, arthritis, pneumonia or pharyngitis).

These guidelines relate to the septicaemic form of meningococcal disease. The septicaemic form has even greater mortality than the meningitis form. 

The most important clinical sign will be a purpuric rash.

The most important and time critical aspect of management will be the urgent administration of IV antibiotics as soon as the condition is suspected.

Pathology

Organism
●
Neisseria meningitidis, (meningococcus)
●
On gram stain this is a Gram-negative diplococcus.
●
The following serogroups have been recognized: 


♥
Groups A, B, C, 29E, H, I, K, L, W135, X, Y and Z. 

Complications
1.
Septicemic shock with:
 
●
Cardiovascular collapse.

●
SIRS and MODS
2.
DIC
3.
Grossly septic / ischemic limbs, requiring amputation.

Epidemiology
Invasive meningococcal infections occur in endemic and epidemic forms. 

Endemic disease is at low levels of incidence and cases are generally unrelated to each other.

Reservoir 

Humans are the only natural hosts for meningococci and the organism dies quickly outside the human host. It is not able to be isolated from the environment. 

Asymptomatic naso-pharyngeal carriers of the organism can spread infection, but there is not a consistent relationship between the carrier rate in a given community and the incidence of disease. 

Mode of transmission 

Transmission usually occurs through direct and close contact including airborne droplets from nose and throat of infected persons. 
Salivary contact has in the past been regarded as a possible means of transmission of meningococci. There is little evidence however to support this view and the available evidence indicates that salivary contact is not a major factor in the transmission of meningococci. 
Incubation period 
This is commonly 3 to 4 days, but can vary from 2 to 7 days. 

Note that people who do not develop the disease within seven days after colonisation may still become asymptomatic carriers.

Period of communicability 
It is communicable until the organisms are no longer present in discharges from the nose and mouth. 

Susceptibility & resistance 
Susceptibility to clinical disease is actually quite low as evidenced by the usual high ratio of carriers to cases. 

Susceptibility decreases with age. It is most common in 0-4 years of age with a secondary peak of occurring in adolescents and young adults in the age group of 15 to 25 years. 

Patients deficient in certain complement components in the blood are prone to recurrent meningococcal infections. 

There is an increased and prolonged risk of secondary infections in close contacts. In one series, the incidence of such infection was 0.5 per cent with a median interval of seven weeks between the index and secondary cases. 

Secondary cases have been reported up to five months later. The risk in household contacts is 500 to 800 times higher than in the general population. 

There is no transferred maternal immunity.

Clinical Features

Important point to note on history should include:

1.
Severe “constitutional” symptoms 


These are non specific symptoms of severe bacterial infection:

●
Headache 

●
Anorexia/ Nausea / vomiting.
●
Myalgias, especially if severe.
●
Extreme malaise / lethargy
●
Arthralgia, (less typically)
Also enquire about:
2.
Any immunodeficiencies, (eg HIV, diabetes, splenectomy)
3.
Any recent close contact with a confirmed case of Neisseria meningitidis.
4.
History of immunization for meningococcus.
5.
Current medications, especially, immunosuppressive agents, antibiotics
Important points of Examination:

1.
Fever
2.
Tachycardia
3.
Rash:
●
Look for a petechial or purpuric rash, i.e. a non-blanching haemorrhagic rash. 

●
Technically petechiae are pinpoint non-blanching spots. Purpura is larger non-blanching spots (>2mm), however for practical purposes the distinction is not relevant in the first instance. 

Any patient with fever and non-blanching rash must be strongly considered as having serious bacterial (meningococcal, hemophilus or pneumococcal) infection in the first instance.
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4.
There may also be some associated signs of “meningism”, (see Bacterial meningitis guidelines)
5.
There may be an overall appearance of being “unwell”, although early in the disease process this may not be the case. The overall picture however will be important here.  

Early presentations:
The most “classical” presentation is fever and purpuric rash as described above, however, in the initial stages of the disease the rash may be more “viral” in appearance (ie blanching) or indeed there may be no rash. The only clue to the possibility of early meningococcal disease being:
●
Fever with a lack of an obvious focus of infection.
●
The severity of the “constitutional” symptoms.

Therefore absence of the typical purpuric rash does not rule out the possibility of early meningococcemia.

It is important to remain vigilant in these cases. Rather than labelling a patient as “the flu” it will often be more prudent to admit patients as “PUO” for a period of observation until serious bacterial illness (meningococcus in particular) can be ruled out.

Investigations

Blood tests:
1.
FBE.

2.
CRP.

3. U&Es / glucose.

4.
Blood cultures.

5.
Clotting profile.

6.
Serology testing


●
IgM for meningococcus.

●
IgG, look for a rising antibody titre over 10 days.

Capsular Antigen testing:
Antigen capsular (polysaccharide) testing can be done for meningococcus on urine. This is helpful if positive, but if negative does not exclude meningococcal infection.

PCR Testing:
This test replicates specific bacterial DNA sequences to levels that can be readily detected and identified.

Polymerase chain reaction testing is available for Neisseria meningitidis on blood samples.

PCR testing can also be done on CSF, however an LP should not be done when the typical rash is present or the disease is otherwise strongly suspected and treatment should be given empirically as an urgent priority, and later modified if necessary following blood culture and blood PCR results. 
This test is especially useful for patients who have already received antibiotics, or in whom other diagnostic tests have proved inconclusive and clinical suspicion remains.

Its disadvantage over culture of an organism is that it cannot be used to determine antimicrobial susceptibility.

Throat/Nasopharyngeal swab
●
For the detection of meningococcal carriage.
Skin lesions
●
Aspiration of material from skin lesions can also be used for micro and culture.

Septic workup
Further septic workup may be required to exclude other causes of infection including:
●
CXR
●
Urine for micro and culture.

Management
1.
Immediate attention to any ABC issues.
2.
IV access, take blood samples and commence fluid resuscitation as clinically indicated. 
3.
The most important aspect of management is the urgent administration of antibiotics.

It is vital that antibiotics be given as soon as the diagnosis is suspected and that this takes preference over any investigations, (such as blood tests or CT)

●
In the first instance antibiotic treatment will need to be empirical. Treatment can be modified once culture and sensitivity results become available. They should be given within 30 minutes of the diagnosis being suspected.
●
Empirical antibiotics should include:


IV benzyl penicillin, (especially for meningococcus and Listeria) and
IV cefotaxime (or ceftriaxone), (for hemophilus, pneumococcus and meningococcus and E. coli)
4.
Supportive management:
●
Further complications will be those of septic shock, 

Disposition
●
All cases must be admitted to an isolation ward.
●
All adult cases will need early referral to ICU.
●
Most paediatric cases will need transfer to the RCH.

Contacts
Note that both the index case and close contacts (over previous 7 days) will require chemoprophylaxis therapy in cases of confirmed meningococcus. 

Contacts include: 
●
Household contacts are defined as those people living in the same house and include recent visitors who stayed overnight in the seven days preceding the onset 
of the case’s illness. 
●
Dormitory contacts in boarding schools, military barracks, school camps, and hostels in the seven days preceding the onset of the case’s illness. 
●
Sexual (intimate) contacts. 
●
Medical, nursing, or paramedical staff that have performed mouth-to-mouth 
resuscitation or intubation or suction or similar intimate treatment with a case of 
meningococcal disease prior to being started on therapeutic antibiotics. 
Options include:

●
Rifampicin, Ceftriaxone or Ciprofloxacin

SYNCOPE

Introduction
Syncope is collapse with transient loss of consciousness, whilst collapse without loss of consciousness is often termed “presyncope”.
In many cases a diagnosis will not be found. The majority of cases that do get diagnosed will be done so on history and examination rather than on initial investigation in the ED.
The most important decision to be made in the ED is assessing the probability of a serious underlying condition as the cause and deciding on that patient’s disposition.

Pathophysiology
Causes
1.
Seizure
2.
Cardiac
●
Arrhythmia, (so called “Stokes-Adams” attacks)
●
Acute coronary syndrome.
●
Outflow obstruction such as aortic stenosis or HOCM
3.
Reduced venous return.

●
Valsalva related (micturition, cough or straining of any cause)

●
Vasovagal reactions
♥
Venous pooling, simple “faint”


♥
Abrupt standing
4.
Vagal responses
●
Emotional responses, fear, pain.
●
Carotid hypersensitivity syndromes
5.
Hypovolemia, of any cause.
6.
Drug related, in particular:

●
Diuretics

●
Beta blockers

●
Calcium channel blockers

●
Any agent in general capable of causing hypotension.

Other causes are less common:
7.
Autonomic dysfunction

●  
Neuropathies, eg in diabetics.

●
Addison’s disease

●
Neurocardiogenic syndrome.
7.
Large pulmonary embolism, (less common, but important!)
8.
Cerebrovascular
●
TIA
●
Subclavian steel syndrome
9.
Hyperventilation
10.
Hypoglycemia
11.
Hysterical

Notes:

●
Hypoglycemia is a common cause of confusion and coma, but an unusual cause for 
syncopal symptoms.
●
Syncope due to TIA is uncommon. When it occurs it is usually due to vertebrobasilar insufficiency (with ischemia of the reticular activating system of the brainstem). Other brainstem features are needed to make the diagnosis with any confidence. These include vomiting, vertigo, visual disturbances and ataxia.
●
Syncope is an uncommon, yet well recognized presentation of large pulmonary 
emboli. There will usually be associated severe shortness of breath and the patient is 
usually described as looking particularly unwell. It is usually seen in association with 
a well recognized risk factor such as recent surgery.
●
Neurocardiogenic syndrome. This rare condition is due to an abnormal 
mechanoreceptor response to assuming an upright posture. It occurs within 15 
minutes of assuming an upright posture. There is a paradoxical inhibition of 
sympathetic activity and enhancement of parasympathetic activity, resulting in an 
abnormal bradycardic and hypotensive response. Specialized “tilt table” testing is 
required to make this diagnosis.

●
As a general rule arrhythmias that result in collapse will depend on the rate, usually 
less than 40 or greater than 150. 

The commonest causes include:

●
Vasovagal
●
Cardiac 
●
Seizure
●
Drug related.
●
Hypovolemia (from any cause)

Clinical Assessment
Important points of history:

An accurate history from a reliable witness is the most critical aspect of assessing the patient who presents with syncope. 

In the majority of cases the witness (if any) will not be present in the ED and phone contact will need to be made to gain a more reliable first hand account of the event. 
1.
Asses the features of the syncopal episode itself:

Presyncopal features:

●
Complex auras are suggestive of seizure.
●
“Vasovagal” syncopal episodes are suggested by prolonged immobility, 
(especially in a warm environments), or visual or auditory disturbances.
●
Straining is suggestive of “valsalva” type syncope.
●
Shortness of breath is suggestive of hyperventilation syndrome or pulmonary 
embolism
●
Cardiac causes are suggested by palpitations, chest pain or extreme 
suddenness (ie without any warning) of the collapse.

Syncopal features:
●
Did the patient injure himself or herself in the collapse, especially with respect to head injury?
●
A seizure is suggested by tonic / tonic-clonic / or clonic movements. Lip / 
tongue biting and urinary incontinence are also suggestive of seizure.
●
A prolonged ictal (altered conscious state) period is more suggestive of 
seizure.
●
Extreme paleness during the attack, especially with subsequent extreme 
“flushing” is suggestive of a cardiac cause. Blueness is suggestive of seizure 
or a respiratory cause or cardiac cause.

Post syncopal features:

●
Rapid improvement on lying flat is suggestive of vasovagal type syncope.

●
A prolonged period of confusion is strongly suggestive of seizure.
●
Focal neurological deficit indicates TIA /stroke, occasionally it may be due to 
Todd’s paresis.

Further important features on history include:
2.
Have any new medications been prescribed for the patient or has there been any 
recent alteration in dosages.
3.
Has there been any recent blood loss, (hematemesis / melena)? 
4.
Does the patient have a past history of seizures?
5.
Has the patient been drinking alcohol or taking drugs or does the patient have a past 
history of drug or alcohol abuse?
6.
Does the patient have a pacemaker or other cardiac device?

Important points of examination:
1.
Assess airway, breathing and circulation, vital signs.
2. Check glucose and pulse oximeter readings
3. Assess for the possibility of anemia or blood loss, (including melena)
4. Asses for signs of dehydration.
5. Check for early signs of hypovolemia by checking for any postural blood pressure drop, (orthostatic hypotension)
●
In general terms look for a fall in systolic pressure to less than 90 mmHg or a 
fall of greater than 25 mmHg, particularly with reproduction of symptoms.
●
An associated reflex tachycardia is suggestive of hypovolemia, whilst a lack 
of tachycardic response is suggestive of autonomic dysfunction or drug effect.
6. General examination, in particular for:

●
Neurological deficits

●
Irregular pulse or evidence of aortic stenosis or HOCM.
Investigations

These will be largely directed by the clinical findings on history and examination and the index of clinical suspicion for a given pathology.

The following will need to be considered:
Blood tests:
●
FBE, especially for anaemia
●
U&Es / glucose
●
ABGs / D-dimers if pulmonary embolism is suspected.
●
Blood alcohol, as clinically indicated.
ECG:
In particular for:
●
Arrhythmias.
●
WPW
●
Ischemia
●
Prolonged QT
●
ARCV
●
Brugada’s syndrome.
●
Trifascicular conduction blocks.

CT brain:
●
 Is mandatory in cases of first seizures.
●
May need to be considered if there has been secondary trauma sustained during the syncopal episode.
●
If TIA or stroke is suspected
●
There is neurological deficit or ongoing altered conscious state / confusion.

Management and Disposition Issues
If no obvious cause has been found after clinical assessment and investigation the most critical issues relate to disposition, which will be guided by the risk factor profile of the patient and the degree of clinical suspicion for any given condition.

Lower threshold for admission includes:
1.
Syncope unwitnessed.
2.
Significant risk factors, including:
●
Cardiovascular disease.
●
Documented or suspected arrhythmias.
●
Known epileptic with greater than one seizure or without home supervision. 
●
Patients with cardiac pacemaker or other devices
3.
Elderly

Suspected cardiac cause:
●
If the cause is thought to be cardiac (and syncopal symptoms were significant and / 
or the patient is high risk for cardiac events) then the patient should be admitted for 
monitoring, and cardiology review, (not sent home for a Holter monitor).
●
This will be to rule out an ischemic event and / or malignant arrhythmias. 
High risk factors for a cardiac cause include:
●
Age
●
Known electrophysiological abnormalities, or previously documented malignant arrhythmias.
●
Diabetes
●
A newly abnormal ECG
●
Elevated troponin level.
●
Significant depression of ventricular function, documented on echocardiogram
●
Documented IHD including past STEMI/ non-STEMI/ abnormal cardiac functional study or abnormal angiogram.
Patients with pacemakers or other cardiac devices:
●
There must be a high index of suspicion in these patients for arrhythmia and / or 
cardiac device malfunction. 
●
All patients with pacemakers with unexplained collapse must be admitted until such 
time as their pacemaker can be checked, 
Suspected drug related cause:
●
These patient should be admitted for drug medication review and observation. The 
short stay unit may be appropriate. 
Vasovagal:
Even if the cause is considered to be “benign”, admission should still be considered in elderly patients or those with significant co-morbidities.

This is particularly important when:

●
Episodes have been recurrent. 

●
Significant injuries have occurred.

●
There is no adequate supervision at home.

A period of observation / care coordination / ACATT assessment / physiotherapy assessment may be appropriate.

Suitable for Discharge:
Patients may be considered for discharge providing:
1.
They do not have significant clinical risk factors, including:
●
CVS risk factors, (as above)

●
Initial hypotension
●
Initial history of shortness of breath
●
Witnessed seizure activity
●
History of seizures, especially when the event is un-witnessed

●
Severe co-morbidities.
2.
Investigations, have been normal, (including ECG, CT, U&Es/ glucose and hemoglobin levels)
3.
Observations and clinical findings are normal.
4.
The patient’s medications have been reviewed.
5.
In the case of the elderly, the home environment is safe.

DYSPNEA
Introduction
Dyspnea can be defined as an awareness that an abnormal amount of work is required for breathing.  (In lay terms dyspnea refers to “breathlessness” or “shortness of breath”).
Dyspnea is an important symptom as it may indicate serious underling pathology.

Precise diagnosis may not always be possible in first presentations to the ED. 

More importantly than precise diagnosis, the critical issues from an ED perspective will include:
●
How unwell is the patient?
●
What immediate treatment does the patient require?
●
What further investigation does the patient require?
●
Does the patient require admission into hospital?

Pathophysiology
Breathlessness is an important symptom as it may indicate serious underlying disease.

When the cause is unclear, all the important differential diagnoses will need to be carefully considered.

Causes
The important groups of the causes of dyspnea include the following:  
1.
Respiratory:
●
Infective, pneumonia.
●
Exacerbation of airways diseases, (asthma, COAD).
●
Exacerbation of restrictive diseases, (pulmonary fibrosis).
●
Malignant disease.
●
Pulmonary embolism.
●
Pneumothorax.
●
Aspiration, (in particular those with impaired airway reflexes or nursing home patients).
2.
Cardiac:
●
Acute cardiogenic pulmonary edema.
●
Non-cardiogenic pulmonary oedema.
●
Exacerbation of chronic heart failure.
●
Valvular heart disease.
●
Cardiomyopathy, (of any cause).
●
Pericardial effusion with cardiac tamponade
3.
Metabolic:
●
Acidosis, from any cause.
●
Toxic causes:


Examples include: Carbon monoxide poisoning, Methaemoglobinemia  and 

Cyanide poisoning.

4.
Anaemic:
●
Anaemia from any cause can lead to breathlessness.
5.
Psychogenic:
●
Although benign, this is an important group, as it is a very common presentation.
●
Hyperventilation, 

Less commonly:
6.
Neurological causes:
●
Muscular paralysis, as in Guillian-Barre syndrome, multiple sclerosis or poliomyelitis.   
7.
Mechanical restrictive causes:
 
●
Gross ascites.
●
Advanced pregnancy.

Clinical Assessment

Important points of history
1.
It is important to establish the degree to which the patient has become short of breath.
●
In this regard compare how the patient is now as compared to how they are “normally”
2.
 The acuteness of onset and the rapidity of progression of symptoms.
3.
Nature of the dyspnea:
●
Are there cardiac features, orthopnea or paroxysmal nocturnal dyspnea?
3.
Are there any associated symptoms, in particular:
●
Chest pain, cough, wheeze, hemoptysis.
4.
Past history, in particular a patient’s risk profile for important conditions:
●
For cardiovascular disease 
●
Respiratory disease
●
Smoking.
●
Pulmonary embolism.

Important points of examination
1.
Any obvious airway problem:
Rule out signs of upper airway obstruction, in particular assess for:
●
Stridor
●
Drooling
●
In-drawing of intercostal spaces
●
Inability to talk/ swallow.
2.
Conscious state:
●
This is a serious sign, and indicates hypoxia and/ or hypercarbia.
●
It may also indicate severe hypocarbia, in cases of hyperventilation.
3.
Exhaustion:
●
Sweating/ altered conscious state/ use of accessory muscles of respiration.
●
This can be a sign of impending respiratory arrest.

4.
Vital signs:
●
Fever, (infection/ pneumonia).
●
Pulse, (a persisting associated tachycardia is a significant finding).
●
Blood pressure.
●
Respiratory rate, (a persisting tachypnea is a significant finding).
●
Pulse oximetry, (this should be measured in all cases).
3.
Cyanosis:
This will most commonly be due to hypoxia. It is a late sign.
Other differential diagnosis however can include:
●
Polycythemic patients.
●
Methaemoglobin poisoning.
●
Vascular congestion, (massive PE or cardiac tamponade) 

Note that patients with carboxyhemoglobin or cyanide poisoning may not initially appear cyanosed, despite being severely “metabolically” hypoxic. 
4.
CVS:
●
Murmurs. 
●
Evidence of heart failure.
●
Beck’s triad, (cardiac tamponade). 
5.
Respiratory:
●
Decreased air entry. 
●
Wheeze.
●
Crepitations.
6.
Signs of anemia:
7. 
Legs:
●
Swelling of ankles, (possible heart failure)
●
For signs of DVT, (although absence of signs does not rule out the possibility of a DVT)

Investigations
The type and extent of investigation will obviously depend on how unwell the patient is and on the degree of suspicion for any given pathology.

The following may be considered:
Blood tests:
1.
FBE:
●
Infection, anaemia.
2.
CRP:
●
Infection/ other inflammatory conditions/ malignancy. 
3.
U&Es/ glucose
4.
BNP:
●
The role of this test is not currently well established in the acute setting. It is very helpful in distinguishing a cardiogenic from a non-cardiogenic cause for breathlessness. 
5.
ABGs:
●
This will not be diagnostic, but will help indicate the degree of “unwellness” in a patient who is short of breath.
●
Pulse oximetry and the clinical state of the patient in most cases will provide sufficient information on how hypoxic a patient is and so AGBs will often not be necessary for this indication alone. ABG testing can be difficult and distressing to a patient. In a significantly distressed patient, it is not initially indicated where cooperation may not be possible and where the result will not alter decisions required about the patient’s immediate management. 
●
It is useful for establishing, the degree of acidosis or hyper (or hypo) capnia of a patient, and in documenting the trend of a patient’s response to treatment.   

●
Note that by “co-oximetry”, this will be the only immediate way that a diagnosis of carbon monoxide or methemoglobinemia can be made.  

Other blood tests are done as clinically indicated, and in general terms may include:
6.
Cardiac enzymes, if an ACS is suspected.
7.
Serological tests for various suspected respiratory infections.
●
Although this will not be of any immediate assistance in managing the patient and so need not necessarily be done in the emergent setting.
8.
D-dimers:
●
This test should not be done indiscriminately, as it is a very non-specific test with a high level of false positives and negatives. 
●
It is best reserved for scenarios of ruling out the need for further investigation in patients with possible PE and whose pre-test probability for a PE is low

ECG:
●
This should always be done in any significantly breathless patient.
●
The priority of the test will be in accordance with the degree of suspicion for a cardiac cause of the patient’s symptoms.   
●
Look for any evidence of ischemia or arrhythmias. 

CXR:
All patients with significant symptoms should have a CXR 
Significant cardiomegaly may represent:
●
Heart failure, (from any cause). 
●
Dilated cardiomyopathy.
●
Valvular heart disease.
●
Pericardial effusion, (an important cause often overlooked in the initial presentation). 
Bilateral pulmonary infiltrates is a common, but non-specific finding. Further diagnostic refinement in these cases will depend on:
●
The clinical setting.     
●
Whether the finding is acute or chronic.
●
Whether the pattern can be determined as predominantly “reticular” or “alveolar”

Localized opacities may represent: 
●
Infective consolidation.
●
Malignancy.
●
Pulmonary infarction.
●
Aspiration●
Contusion, (in cases of trauma).

Pleural effusions:
These can often be distinguished from regions of consolidation by:
●
Dense opacification, (without air-bronchograms)
●
An upper meniscal shaped border.
Ultra sound or CT however may need to be done to make a definitive diagnosis of pleural effusion.

A clear CXR:
●
This does not rule out a potentially serious lung problem
●
The diagnosis may be pulmonary embolism.
●
It may be early lung infection, as radiological changes can de delayed in onset compared to the clinical onset of symptoms.

V/Q scan:
For the patient suspected of having a pulmonary embolism.

CT scan chest:
This will depend on the diagnosis that is being considered.
In the acute setting this will most often be done as a CTPA to rule out pulmonary embolism.
High resolution scans are also done to assist in the precise diagnosis of respiratory disease. This however is usually done on a more “elective” basis.

Echocardiography:
This is the “gold standard” imaging test when a cardiac cause for the patient’s symptoms needs to be ruled out.
Any patient with significant undiagnosed cardiomegaly should undergo echocardiography.

The urgency of this examination will depend on how unwell the patient is together with the index of suspicion for a cardiac aetiology of the patient’s symptoms.

It can provide information on
●
Direct diagnosis, in some cases, (such a cardiac tamponade or valvular heart disease).
●
Indirect evidence, in other cases, (pericarditis or myocarditis).
●
The degree of myocardial compromise.
Pulmonary Function testing:
Bedside spirometry testing may be useful in certain patients, providing the patient is able to fully cooperate. 

Stable patients with more chronic symptoms, may benefit from referral for formal lung function testing under a respiratory physician, when the diagnosis remains unclear, or for establishing a baseline in function in patients with diagnosed chronic lung disease.

Management

The immediate priority in any patient that presents short of breath will be to quickly establish how unwell the patient is and how hypoxic they are.

Airway obstruction is treated according to its immediate merits.

Psychogenic causes are ruled out. 

The first consideration of treatment will be oxygenation to a satisfactory SaO2 level. This is generally taken to mean a value of at least 90%.

Escalating options for oxygenation will include:
●
Nasal prongs with low flow oxygen.
●
Hudson mask with high flow oxygen.
●
100% oxygen delivered with use of an oxygen reservoir.
●
Non Invasive Ventilation (NIV), by means of CPAP or BIPAP.
●
Intubation and mechanical ventilation. 
Once oxygenation has been optimized, then other modalities of treatment may be initiated as clinically indicated.  

Admission to hospital
In general terms admission to hospital will be required for:
●
Any patient with acute hypoxia.
●
Any patient diagnosed with or suspected of having a potentially and rapidly life threatening condition.
This may be readily apparent, but patients may also be admitted on the basis of their risk profile, or simply on the basis of persistently abnormal vital signs.
●
Patients requiring timely investigation for their symptoms.
In general terms dyspnea is an indicator of potentially serious underlying pathology and as such, in cases of uncertainty, the threshold for admission for further investigation and observation must always be low.

CYANOSIS

Introduction

Cyanosis refers to the clinical sign of bluish discoloration of the skin and/ or mucous membranes due to hypoxia and/ or poor peripheral perfusion. Historically this was used as a key clinical indicator of hypoxia. 

This clinical sign was emphasized largely before the era of rapid arterial blood gas analysis and pulse oximetry. The clinical assessment of hypoxia however is often unreliable and the specific sign of cyanosis is a late sign.

Therefore, although cyanosis is an important clinical observation, its absence does not rule out the possibility of significant hypoxia.

Pathology
At least 5 grams/dL of unoxygenated hemoglobin in the capillaries is required to clinically appreciate cyanosis. Patients who are anemic therefore may be hypoxic without showing any signs of cyanosis.

Further the appearance of hypoxia will also be influenced by: 
●
The total Hb of the patient:

♥
The lower the value, the more likely cyanosis will be missed
●
The oxygen saturation of the blood:

♥
Higher values (eg patient on oxygen) will mask cyanosis

These relationships are demonstrated in the graph .

[image: image19.emf]
Oxygen and hemoglobin values at which central cyanosis occurs: The threshold for central cyanosis is a capillary reduced hemoglobin content of 5 g/dL, which can occur at varying values of the 2 parameters that are measured most commonly, arterial oxygen saturation (SaO2) and arterial hemoglobin content. The vertical axis shows values for venous, capillary, and arterial reduced hemoglobin (RHB, g/dL blood), and the horizontal axis shows a percent saturation of hemoglobin in arterial blood (SaO2) along with corresponding PaO2 (mm Hg). Each diagonal line represents different hemoglobin content (g/dL). 

For example, central cyanosis can manifest when SaO2 is 85% in a patient with a hemoglobin of 15 g/dL.
Tissue hypoxia:

It is important to recognize that tissue hypoxia is not only caused by reduced partial pressures of oxygen. It may also be due to impaired tissue perfusion or reduced haemoglobin levels.

The total oxygen delivery (or “oxygen flux”) to the tissues is determined by the following equation:

O2   flux = CO x O2 content of the blood.
= Cardiac output x (O2 carrying capacity of Hb + dissolved O2 )

= CO (mls /min) x (1.39 Hb gm / 100 mls x SAT % + 0.3 / 100mls at PaO2 of 100 mmHg)

Cyanosis due to abnormal haemoglobin forms:
Abnormal haemoglobin forms may also cause a cyanotic picture. In these cases the patient may have a normal PaO2 and a relatively normal pulse oximetry reading, yet be severely hypoxic due to the presence of a non-functional haemoglobin.

Examples include: 
1.
Methemoglobin:
Methemaglobinemia refers to hemoglobin, which contains its iron in the oxidized Fe+++ (ferric) form, as opposed to the normal reduced Fe++ (ferrous) form. Unlike the Fe++ form the Fe+++ form cannot carry oxygen. Normal adults have levels of methemaglobin of up to 1%.
Levels that are greater than 1% are referred to as methemaglobinemia
Methemoglobin results in an intense bluish tinge to the skin; therefore, giving the appearance of cyanosis. The patient is hypoxic due to the reduced carrying capacity of the affected hemoglobin, rather than a reduced PaO2 level.
2.
Sulfhemoglobinemia:
Sulfhemoglobinemia is a rare condition caused by sulfur binding with hemoglobin.

Sulfhemoglobin like, methemoglobin cannot bind oxygen. Unlike methemoglobin, the iron moiety remains in the reduced state (Hb Fe++). Like methemoglobinemia, sulfhemoglobinemia causes an intense bluish tinge to the skin and mucous membranes.
The patient is hypoxic due to the reduced carrying capacity of the affected hemoglobin, rather than a reduced PaO2 level.

Hypoxia where cyanosis may not be apparent:
1.
Carboxyhemoglobin: 

This is an abnormal haemoglobin due to the presence of carbon monoxide, COHb.
The patient can be significantly hypoxic, because of the reduced oxygen carrying capacity of their poisoned haemoglobin, and providing PaO2 /SaO2 levels are normal, cyanosis may not be apparent. 
2.
Cyanide poisoning:
The patient can have profound tissue hypoxia here without any sign of cyanosis. Their haemoglobin is normally oxygenated, but the tissue cytochromes cannot utilize this oxygen

Differential diagnoses:
Pseudocyanosis is a bluish tinge to the skin and/or mucous membranes that is not caused by tissue hypoxia or poor perfusion.

Causes may include:
· Metals, in particular: Silver nitrate, silver iodide, silver, lead
· Drugs, in particular: Phenothiazines, amiodarone, chloroquine hydrochloride
· Chemicals: Some food colouring agents.

Pseudocyanosis is considered when the patient demonstrates no cardiopulmonary symptoms and the skin does not blanch under pressure. Pulse oximetry or arterial blood gas measurement may be required to confirm the suspicion. Co-oximetry for methemoglobin should also be checked.  
Clinical Assessment

Clinical classification of cyanosis:
Cyanosis is generally divided into central or peripheral
Central cyanosis:
●
Central cyanosis also results in peripheral cyanosis and indicates hypoxia.
Peripheral cyanosis:
●
Peripheral cyanosis is a bluish tinge to the periphery (fingers and toes predominantly) and 
may occur with or without central cyanosis (ie, with or without hypoxemia). 
●
When unaccompanied by central cyanosis (hypoxemia, as determined by blood gas 
analysis), peripheral cyanosis is due to poor tissue perfusion. 
Although cyanosis is an important clinical observation, its absence does not rule out the possibility of significant hypoxia.

Other clinical signs, (though non-specific) will be more important in suggesting the possibility of hypoxia, including:
●
Pulse oximeter readings
♥
This is a far more sensitive indicator of hypoxia, than the late clinical sign of cyanosis. If the cyanosis is due to an abnormal haemoglobin form, (carboxyhemoglobin, 
methemoglobin, sulfhemoglobin) the pulse oximeter readings will be unreliable.
●
Tachycardia
●
Tachypnea
●
Mental status changes: confusion, agitation.
Note however that if a patient is chronically hypoxic they may not appear to be “unwell”!

Factors making the assessment of cyanosis difficult:
Factors making the detection of cyanosis problematic include: 
●
Room lighting conditions
●
Skin pigmentation
●
Nail polish, (peripheral cyanosis)
●
The clinical experience and skill of the observer will also be an important factor in the 
detection of cyanosis.
Investigations
The type and extent of investigation undertaken for a patient who presents with cyanosis will depend on the clinical suspicion for the particular underlying pathology on a case by case basis

1.
ABGs:

●
This will be the most useful investigation, to both confirm the diagnosis of hypoxia, due to a lowered PaO2 and to assess its degree of severity. A normal PaO2 however will not rule out significant tissue hypoxia, as this may also be due to perfusion problems or hemoglobin pathology.
2.
Co-oximetry:
●
Co-oximetry, done on routine blood gas analysis, can directly measure COHb and MetHb levels
Other more specific investigations are done according to the index of clinical suspicion for any condition.

Management
Specific management will obviously depend on how unwell the patient is and the underlying pathology.

ASTHMA

Introduction
All patients presenting with asthma need to be assessed for the severity of the attack. This is done by considering important factors of history in addition to the examination and investigation findings.
Initial management in the ED will then be guided by the severity of the acute attack.
Past history is also a very important consideration when deciding on disposition of the patient after initial management in the ED

Pathophysiology

There are three important pathophysiological responses in asthma:
●
Bronchospasm
●
Inflammation
●
Mucous plugging

Clinical Assessment
Important points of History
1.
Patients own rating of severity.
2.
Previous admission history: 
●
Numbers of admissions, including ICU and need for non-invasive ventilation or 

intubation.
3.
Current and past treatment including:
●
Frequency of medication use leading up to presentation.
●
If steroid dependent.
4.
Duration of the current episode:
●
With increasing duration of the attack, exhaustion and muscle fatigue may precipitate ventilatory failure.
●
Longer duration attacks are associated with more inflammatory oedema and mucous plugging and therefore can be more difficult to treat than acute onset attacks. 
Important points of Examination 
Note whilst wheeze is the most characteristic sign of asthma, it is an unreliable indicator of the severity of an asthma attack and in fact may be absent in a severe attack.

Important features that help determining the severity of an attack include:

1.
Ability to talk
2.
Conscious state
3.
Respiratory effort
4.
Pulse rate
5.
Pulsus paradoxus
6.
Breath sounds

●
A silent chest in a severely distressed patient is a serious sign suggesting very little air entry, (or a pneumothorax) 
7.
Bedside lung function tests

●
PEFR, Spirometry readings FEV1
8.
Cyanosis 

●
This is a very late sign, and in asthma represents a life threatening presentation. 
Note however that pulsus paradoxus and bedside lung function tests, are academic points and inappropriate tests in the clearly acutely very unwell! 

The Assessment of Severity
Episodes may be assessed as:
●
Mild
●
Moderate  
●
Severe.

According to 8 examination points and two investigation points, as presented in the table below:
	PRESENTATION


	MILD
	MODERATE
	SEVERE TO

LIFE

THREATENING

	Altered conscience State
	No
	No
	Yes

	Respiratory effort (physical exhaustion)
	No
	No
	Yes (may include paradoxical chest wall movement).



	Ability to talk


	Sentences
	Phrases
	Words to none



	Pulse


	<100
	100-120
	>120 (bradycardia can herald imminent respiratory arrest)


	Breath sounds


	Moderate wheeze
	Loud wheeze
	Silent:  Decreased air entry or pneumothorax.



	Paradoxical pulse
	No
	No
	Yes (> 10 mmHg abnormal & > 20 mmHg severe)

	PEFR

(% predicted)


	More than 75% predicted (or best if known)
	50-75% predicted (or best if known)
	Less than 50% predicted (or best if known) or less than 100 L per min



	FEV1(% predicted)


	More than 75% predicted   
	50-75% predicted
	Less than 50% predicted or less than 1 litre

	Cyanosis
	No
	No
	Yes

	Pulse Oximetry
	>95%
	92-95%
	<92%

	ABGs. 

PaO2

PaCO2


	Not needed


	Perform if initial treatment response is poor (if PaCO2 >40 mm Hg treat as severe attack)


	PaCO2 > 45 mmHg indicates respiratory failure. PaO2 < 60 mmHg indicates respiratory failure. 




Differential diagnosis of wheezing patient (apart from asthma)
Some important differential diagnoses of wheezing include:
●
Upper airway obstruction (usually an inspiratory stridor).
●
LVF (“cardiac asthma”).
●
COPD.
●
Lymphangiitis carcinomatosis.
●
Pulmonary aspiration.
●
Multiple pulmonary emboli

Investigations

Blood tests:
1.
ABGs: (arterial or venous may be used):

●
A PaCO2 > 45 mmHg indicates severe asthma
●
Note however that a PaCO2 of 45 mmHg in a patient who is hyperventilating should not be considered a normal result. A patient who is hyperventilating should have a PaCO2 that is less than 45 mmHg.
Others are less important and are done according to clinical indication:
2.
FBE
3.
CRP
4.
U&Es/ glucose
●
Patients may become hypokalemic if high doses of salbutamol, (especially when 
given as an IV infusion) are used.

CXR
CXR is done to rule out complications or other conditions. It is not routinely indicated in mild to moderate asthma.
Consider if:
●
The presentation is severe (rule out other contributory conditions) 
●
Pneumothorax is suspected.
●
There is little or no response to treatment.
●
Associated pathology is suspected, eg. pneumonia, atelectasis (mucous plugging)
●
The diagnosis of “asthma” is unclear ie: rule out other pathology LVF, lymphangiitis  
carcinomatosis.

Sputum for M&C:
●
If infection suspected.

ECG:
●
If arrhythmias or ischemia suspected in unwell patients. This investigation should not delay initial treatment however.

Management
The initial treatment asthma will be determined by its severity.
1.
Oxygen therapy:
●
Oxygen therapy is the immediate priority, aiming to maintain an SaO2 of at least 
90 %.
2.
Salbutamol:
●
In all cases, nebulized ventolin, 5 mg nebules (same dose for all age groups), this 
frequency of this will depend on the severity, it can be given as frequently as 
required, including continuously in very severe cases.
3.
Atrovent:
●
Atrovent 500 micrograms via nebulizer as required, particularly if response to 
the beta 2 agonist is poor.
●
This can also be given continuously if necessary.
●
Atrovent can be given together with the nebulised salbutamol.

4.
Corticosteroids:
●
Oral steroids may be considered for mild exacerbations.
●
IV dexamethasone should be used for moderate to severe attacks, 10 mg stat, 
then 5 mg tds.

Alternatively:

●
Hydrocortisone 100 mg IV, 6-hourly
5.
Non-invasive ventilation, CPAP:

In severe episodes not responding to the above measures, CPAP may be considered 
especially if there is impending exhaustion. Use only 5 cm of water

CPAP can:

●
Help with the work of breathing.

●
Provide 100 % oxygen

●
Prevent the need for intubation.

Nebulized ventolin and atrovent may still be given via the CPAP circuit.

An urgent CXR will be necessary to rule out pneumothorax, but this need not delay the commencement of the CPAP.
6.
IV beta agonist:

If further measures are required for a severe attack:
●
IV infusion of salbutamol, watch for the development of lactic acidosis and 
hypokalemia, however.
●
IV aminophylline may also be considered, however, there is uncertainty regarding 
its benefits in the presence of maximal B2 agonist use and it is a far more toxic 
agent than salbutamol (seizures and tachyarrhythmias). It is generally no longer 
used in adults.
7.
Adrenaline:

In severe cases the use of adrenaline may also be considered, especially if there is thought 
to be an anaphylactic component to the asthma presentation.

●
It may be nebulized, 4 ampoules of 1:1000 solution in a nebulizer.

●
As a continuous IV infusion.

●
IV infusions may also be considered in very severe cases.
8.
Intubation:

Ultimately intubation and ventilation may be required.

Indications for Intubation
●
Continued deterioration to a dangerous degree despite maximal medical 
treatment.
●
Altered conscious state.
●
Severe exhaustion.
●
Unrelieved hypoxia, despite maximal treatment and /or a rising CO2.
●
Arrest or pre-arrest.


Ventilator settings for Permissive Hypercarbia in asthma / COAD:
●
Usually 6 ml/kg
●
Adjust rate to 6-8 /min
●
Allow long expiratory time ratios, ie adjust I: E ratio to allow more time for 
expiration.
●
Keep SaO2  >94%, PaO2 > 80 mmHg.
●
Allow ETCO2 to rise, (“permissive hypercarbia”)
●
Muscle relaxants may be required in addition to IV sedation.
●
Note, this technique is a short term measure only to aid in the prevention of 
hyperinflation and barotraumas in patients with severe airflow obstruction.
Disposition Considerations
Indications for Admission:
1.
All severe presentations.
2.
Most moderate presentations.

●
Need to also consider the patient’s past history
3.
Mild probably not, but need to also consider:

●
The patient’s past history.
●
Re-presentations within a short period (eg. within three days).
●
Patient reliability / compliance

●
Social circumstances (adequate support / supervision)

●
Ease of hospital access for the patient.

●
With children consider parental anxiety and reliability.
●
First episodes of asthma, the threshold should be lower for a short admission period for observation and education and possible further investigation.
4.
Failure of improvement with treatment in the ED.  
Even if mild these patients should at least be observed for a period to ensure that improvement eventually does occur.


Look for:
●
Failure of patient’s subjective improvement.

●
Failure in objective improvement.
Failure to improve PEFR > 15% above initial presentation or absolute value of < 200 l/min 

FEV < 50% or predicted normal (if able to measure).

●
Consider also any associated / complicating medical problems.

STRIDOR
Introduction
Inspiratory stridor (or noisy breathing on inspiration) may indicate an upper airway obstruction.
Upper airway obstruction is a medical emergency. This can progress rapidly to complete airway obstruction and death from asphyxiation.
As such stridor must always be recognized as a clinical sign of possible life threatening significance, and a cause should always be thoroughly investigated.
The priorities in these cases (even before an exact diagnosis may be made) will be:
●
Rapid clinical assessment 
●
Immediate intervention, where required.
●
Close ongoing observation in an appropriate resuscitation area.
●
Urgent referral to appropriate clinicians skilled in the management of an obstructed airway.

Pathology
Causes
The causes of stridor include:
1.
Infection:
Space occupying abscesses and or inflammatory edema.
Examples include:
●
Peritonsillar abscess, (quinsy)
●
Retropharyngeal abscess/ cellulitis
●
Other deep neck abscesses
●
Epiglottitis, (may occur in adults, now rare in children who have been immunized against HIB)
●
Croup, (in children).
2.
Allergic:
Anaphylaxis:
●
Airway oedema due to an anaphylactic reaction. Although this is uncommon, (hypotension and wheeze are more characteristic).
Angioedema:
 
●
Either primary or secondary to drugs, (see separate guidelines).
3. 
Malignancy:
●
Tumours of the upper airway or adjacent structures
4.
Foreign bodies:
In particular:
●
Elderly demented, (such as dental prostheses)
●
The very young
5.
Altered conscious state:
●
Reduced muscle tone of the upper airway musculature
6.
Trauma:
●
Hematoma and/ or oedema:
7.
Post surgical procedures of the neck or upper airway:
●
Hematomas or oedema.
8.
Prolonged endotracheal intubation:
●
Including laryngospasm on extubation.
9.
Congenital abnormalities of the upper airway.
10.
Psychogenic:
●
Though this cause must always remain a diagnosis of exclusion.

Clinical Assessment
The clinical features of an upper airway obstruction include:
1.
Noisy breathing, particularly on inspiration, (stridor).
2.
Difficulty in talking.
3.
Difficulty in swallowing.
●
This may be to the point of “drooling” whereby the patient is unable even to swallow their own saliva. This is an important sign of significant obstruction.
4.
A history of sudden chocking, (raising the possibility of an impacted foreign body in the airway or upper oesophagus).
5.
Paradoxical respiratory efforts:
●
This is a serious sign of severe obstruction of the upper airway.
●
The patient is in obvious respiratory distress. On inspiration there is intercostal or sternal retraction, whilst on expiration there is intercostal or sternal expansion, (the opposite of normal respiratory effort, hence “paradoxical” respiratory effort).   
6.
Oral examination:
●
A cautious examination of the mouth may be undertaken in adults, unless the patient is particularly distressed. 
●
Note however that oral examination is not recommended in distressed children, in particular where croup or epiglottitis is suspected, as increased distress may result in a worsening of upper airway obstruction. 
7.
Recent neck surgery, (there may be a post operative complication)
8.
Vital signs:
●
It is important to recognize that the vital signs, including a normal oxygen saturation level, may be completely normal, even in the presence of a significant upper airway obstruction.
●
Fever will suggest an infective cause.
●
Abnormal respiratory rate, pulse rate or hypoxia on pulse oximetry or cyanosis are late signs and ominous of impending complete upper airway obstruction. 
9.
Decreasing noisy breathing:
Noisy breathing indicates some resolution of swelling or obstruction, however this sign needs to be assessed in the light of the overall clinical picture as it may also indicate a deterioration of the patient’s condition.  
●
When a patient progresses to complete airway obstruction, stridor and noisy breathing may cease because there is no further air movement at all.
●
Alternatively the patient may be becoming fatigued and a decrease in stridor may indicate impending respiratory arrest.

Investigation
Investigation will usually be necessary to establish a firm diagnosis, however this should never delay definitive airway management when this is required.

Depending on the stability of the patient and the index of clinical suspicion for any given condition the following may be required:
Blood tests:
1.
FBE
2.
CRP
3.
U&Es/ glucose
4.
Blood cultures.

Radiography:
In stable patients a plain soft tissue lateral radiograph of the neck may be useful, in particular for suspected foreign bodies or retropharyngeal abscess.  

CT scan:
This is an excellent imaging modality for the neck, and may be undertaken in patients with stable airways, however in patients with stridor or who are unstable then the investigation is far more problematic, as these patients cannot lie flat.
Each case needs to be assessed on its merits but in general terms the airway should be secured before CT scanning is attempted.

Management
It is critical to anticipate problems before the patient’s airway becomes completely obstructed and to mobilize expert medical help quickly.

In general terms:
1.
Initial general measures: 
Positioning:
●
Support the patient in their preferred position for breathing. An upright position is preferred.

Generally these patients will be reluctant to lie flat as this tends to exacerbate an upper airway obstruction.

Give oxygen if required:
●
Nasal prong delivery may be the most practicable in some cases. Humidification may provide some benefit. 
Establish monitoring: 
●
HR, BP, RR, Temperature, pulse oximetry, conscious state, (drowsiness may precede respiratory arrest).  
2.
IV access:
●
IV access should be secured, (although this may not be appropriate in children in the first instance as distress with exacerbate an airway obstruction).  
3.
Resuscitation area:
●
Patients should be closely monitored in an appropriate resuscitation area that is stocked with resuscitation drugs and equipment.
Intubation is likely to be difficult, and a surgical airway may be required. Equipment for this should be on hand.
●
Appropriately experienced staff should monitor the patient
4.
Specific treatments where applicable:
Examples include:
●
Adrenaline nebulizers, for suspected or possible allergic reactions or for croup in children.
●
IV antibiotics, for suspected infective causes.
5.
Referral:
●
There must be early referral to Anaesthetics and/or ICU to assess the airway and manage it urgently should this become necessary.

●
Other referrals may also be appropriate such as ENT or thoracic surgery
Disposition
This will obviously depend on the exact cause of the obstruction, how unstable the patient is and what management has already been initiated in the ED.

In general terms however patients with stridor should be admitted to an ICU for close monitoring and to be in the best environment should urgent intervention become necessary.

ASPIRATION

Introduction

Aspiration is defined as the inhalation of oropharyngeal or gastric contents into the larynx and lower respiratory tract.

Aspiration may also include that of foreign substances, (water, hydrocarbons, volatile liquids, for example) but these guidelines refer primarily to gastric aspiration.
Aspiration is frequently an occult event, and so is often unsuspected. Occult events most frequently occur in elderly nursing home patients, patients with reduced conscious states due to drug overdose and those with seizures.

There therefore needs to be a high index of suspicion for the event in those who are at risk of it.

Pathophysiology
Aspiration may be secondary to: 
●
Vomiting, (an active process), 
●
Regurgitation, (a passive process), 
●
An “external” source, (near drowning, charcoal, hydrocarbons)
The severity of subsequent illness can range from mild to lethal and will depend on:
1.
The nature of the aspirated material:
●
Degree of acidity
(
Severe pneumonitis is likely when the pH of the gastric contents is < 2.5.
●
Particulate food matter will induce a more severe reaction.
●
Infected matter
2.
The amount of material aspirated:
●
A minimum volume of gastric aspirate of 0.3 ml per kilogram of body weight (20 to 25 ml in adults) is generally required for the development of aspiration pneumonitis. 
3.
Co-morbidities.

Following gastric aspiration there is a chemical pneumonitis. This may be followed by a complicating bacterial pneumonia and/ or an ARDS type picture.

Predisposing factors
1.
Impairment of reflex airway defences:
●
Decreased conscious state, (from any cause)


In particular:


(
Overdose patients



(
Post seizure patients
●
Neuro-muscular impairment, (from any cause)
This group commonly includes: 
(
Stroke patients


(
Elderly nursing home patients with dementia 
(
Patients with advanced neurodegenerative conditions, such as Parkinson’s disease, motor neurone disease or multiple sclerosis.  
2.
Increased gastric volume / pressure:
●
Recent meal, (in the predisposed)
●
Reduced gastric emptying
●
Gastric dilation
●
Intestinal obstruction / dilation.
3.
Local pathology:
For example:
●
Tracheo-esophageal fistula
●
Oesophageal pathologies, including incompetent lower esophageal sphincter.
4.
Iatrogenic causes:
For example:
●
Nasogastric tubes, (prevents closure of oesophageal sphincters), they may however be necessary to empty gastric contents.
●
Tracheostomy
●
Ventilating unfasted patients with laryngeal masks

Complications
1.
Pneumonitis:
●
The initial complication is a chemical pneumonitis, the immediate concern of which will be hypoxia. This situation sometimes goes by the traditional name of Mendelson’s syndrome.
2.
Pneumonia:

●
A secondary bacterial pneumonia may follow the chemical pneumonitis.
●
Lung abscess may also develop, particularly with staphylococcal infection.
3.
ARDS:
●
In severe cases a secondary ARDS may develop.

Clinical features
Aspiration is frequently an occult event, and so is often unsuspected.
There therefore needs to be a high index of suspicion for the event in those who are at risk of it.
The following clinical triad in particular must always raise suspicion for aspiration:
1.
Presence of a predisposing factor.
2.
A history or evidence of vomiting or regurgitation or sudden “choking”.
3.
A deterioration in respiratory function.

Symptoms may develop within minutes to some hours depending on the severity of the aspiration. 

Clinical presentations include:
1.
Respiratory distress:
There may abrupt onset of respiratory distress, however symptoms may be minimal with lesser degrees of aspiration, (“silent aspiration”).
Typical features may include:
●
Choking/ Cough 
●
Tachypnea
●
Tachycardia
●
Lung sounds, crepitations, wheezing
●
Cyanosis, if severe.
2.
Occult presentations:
Elderly nursing home patients:
Elderly nursing home patients, particularly those with stroke or neurodegenerative disorders are at particular risk of aspiration.

Typically the aspiration event occurs whilst feeding or at night when the patient is lying supine.
The aspiration event in these cases is often not recognized. The patient suffers a sudden deterioration that is often attributed to other pathologies such as stroke or arrhythmia. Respiratory symptoms may not be clearly apparent in the first instance.

Patients may be observed to have:
●
Sudden collapse
●
Sudden loss or reduced conscious state
●
Sudden onset of cyanosis or apnea


Clues that an aspiration event has occurred may include:

●
Apparent choking, cyanosis, even apnea

●
Sudden demise in conscious state whilst feeding 


Occult presentations may occur in the settings of:

Reduced conscious state:
●
This can be of any cause, but in particular in drug overdose or alcohol intoxication.

Seizures:
●
Patients who have had seizures, especially status epilepticus.
 3.
Subsequent bacterial pneumonia:
●
Onset is subacute/ insidious, with manifestation of typical infective pneumonia. 
Investigations
Blood tests
1.
FBE
2.
U&Es/ glucose
3.
CRP
●
This may be elevated in cases of delayed presentations where a bacterial pneumonia has become established.
3.
ABGs:
●
These may be done according to the severity of illness, but are not an immediate priority, as initial treatment is based on the clinical state of the patient.

ECG
This is not specifically required in gastric aspiration, but should be done as a routine in any patient who is significantly unwell. 
It should not delay other more urgent measures of resuscitation however.

CXR
Note that in smaller degrees of aspiration CXR changes may not become apparent for 24-36 hours
Larger aspirations usually show CXR changes acutely. They are usually seen as patchy opacities.  
CXR changes will also be influence by the nature of the aspirate; more acidic aspirations will show more severe changes more quickly.
Radiographic changes may then persist for up to 10 days. Changes persisting beyond this time, despite adequate treatment are suspicious for secondary bacterial pneumonia or recurrent aspiration events.

Lobes involved: 
●
The position of the patient at the time of aspiration will determine which segments and lobes will be affected. The most dependent bronco-pulmonary segments are at the greatest risk.
●
The right lung is involved more commonly than the left lung, as the right main bronchus is wider, shorter and forms a less acute angle with the carina than the left main bronchus.
●
The most commonly involved lobe is the right lower lobe. The least commonly involved lobe is the left upper lobe.
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Extensive right lower lobe consolidation in a patient who had suffered a recent stroke. 

●
If supine, the risk is greatest for:
(
The inferior and posterior segments of the upper lobes (right > left)
(
The superior and posterior segments of the lower lobes.

If upright, the risk is greatest for:
(
The basal segments of the lower lobes (right > left)

Management
1.
ABC issues:
●
The immediate priority will be attention to ABC issues and oxygenation, and these should be addressed as clinically indicated. 
2.
Antibiotics:

The decision to give antibiotics is uncertain and controversial, even among experts.
Minor degrees of chemical pneumonitis require supportive care only, however if gastric food contents have been aspirated, (or are likely to have been aspirated) or if the patient is “unwell” or has “signs of sepsis”, then antibiotics are mandatory. 

Determining the presence of these factors can be imprecise and will depend largely on the experience of the treating clinician, even then the decision will be a “best guess” one. In clinical studies, up to 25% of patients develop superimposed bacterial infection during the course of a chemical pneumonitis. The risk for secondary infection overall is therefore high. The consequences of withholding antibiotics in this setting are more severe than giving them
Overall therefore, it is best to give antibiotics. 
●
Ceftriaxone
Plus
●
Metronidazole
Severe cases should also have staphylococcus cover with flucloxacillin
3.
Steroids:
●
These have no proven benefit in aspiration.
4.
Speech therapy:

●
All patients with suspected aspiration should be kept “nil by mouth”, until assessed by a speech therapist. 
5.
Prevention:
●
It is vital to prevent further aspiration events in those who are at risk. The protection of the airway must always be a primary concern in these patients.

PNEUMONIA

Introduction
Pneumonia has a wide range of causative agents and degrees of severity and treatment decisions will necessarily be based on a wide variety of clinical considerations.
These considerations will include the following:
1.
Is the pneumonia community acquired? (CAP)
●
CAP occurs in individuals who are not in hospital or have been in hospital for less than 48 hours, who are not institutionalized and not significantly immunocompromized.
2.
Is the pneumonia nosocomial, or hospital acquired? (HAP)
●
HAP by definition is pneumonia that was not incubating upon admission, developing in a patient hospitalized for greater than 48 hours.
3.
Critically, how unwell is the patient?
4.
Is the host immunocompromized, (HIV in particular, is the patient neutropenic)?
5.
Is the pneumonia due to aspiration?
6.
Is the patient at risk for a particular type of pneumonia?
For example:
●
Are there particular exposure risk factors (Psitticosis)?
●
Are there current epidemiological factors (Legionellosis outbreaks, especially if patient has been in a known area of contamination, or mycoplasma outbreaks)?
●
Are there geographical risk factors (eg Tuberculosis in patients from known endemic regions)?
●
Are there risk factors for a staphylococcal pneumonia, such as aspiration, right sided endocarditis, IV drug users or post influenzal infection. (This type of pneumonia, however, can also occur as a primary diagnosis.)
Management of the patient with pneumonia will depend on the likely causative agent, host factors, social factors and on how unwell the patient is.
Pneumonia severity can be assessed by the presence of “red flag” features as well as by the more formal CORB or SMART-COP scoring systems.  
Pathophysiology
Predisposing factors 
Important ones include:
●
Immobility
●
Immunocompromise, from any cause.
●
Endobronchial obstruction.
●
Pre-existing lung disease, such as bronchiectasis, cystic fibrosis, pulmonary fibrosis.
●
Smoking.
●
Aspiration.
Causative Agents 
Bacterial
●
Pneumococcus (Streptococcus pneumoniae), the most common cause of CAP worldwide.

●
H. Influenzae (especially in smokers/COAD)
●
Other Gram negative bacilli (in chronic lung disease and the immunocompromised, aspirations: in particular, Klebsiella pneumoniae and Pseudomonas aeruginosa
●
Staphylococcus aureus (aspiration, IV drug users)
●
Legionella species.
●
Tuberculosis.

Viral
●
Influenza Virus, Para-Influenza Virus

●
Adenovirus
●
RSV (in children)
●
Varicella (more commonly in adults than in children)
●
Measles

Atypical organisms
●
Chlamydia psittaci
●
Mycoplasma pneumoniae (more common in children)
●
Q fever (Coxiella burnetii)
●
Pneumocystis carinii (in patients with HIV) 

Fungal 
These are usually only seen in immunocompromized hosts, and may include:

●
Aspergillus
●
Cryptococcus neoformans
●
Candida is a very uncommon cause of pneumonia and is often isolated from the respiratory tract but is seldom of significance. Patients with HIV may be at risk. Definitive diagnosis is by histological evidence of fungal invasion of lung tissue.
Complications
Severe complications of pneumonia can include:
●
Hypoxia/ ARDS
●
Septic shock
●
Empyema
●
Lung abscess

Clinical Assessment
1. Clinical signs and symptoms alone provide little assistance in determining the likely causative organism. 
The most common symptoms include:
●
Cough
●
Sputum 
●
Fever 
●
Pleuritic chest pain
●
Dyspnea
●
Non-specific “constitutional” symptoms.
2. The “classical” signs of consolidation occur in less than 25% of cases.
3. Signs and symptoms in the very young and in the elderly may be very non-specific. 
●
In the young fever may be the only clue.
●
In the elderly confusion may be the only clue.
4. Recurrent episodes of pneumonia may indicate underlying disorders such as immune disorders, bronchiectasis cystic fibrosis in children.
5.
Patients should always be considered for the possibility of any underlying immunosuppression.

Stratifying the Severity of Community Acquired Pneumonia   

A careful assessment of pneumonia severity is required in all patients to guide decisions about need for inpatient management.

When assessing pneumonia severity, consider in particular:
●
The patient’s age and pre-existing medical co-morbidities 

●
The presence of clinical or investigation features of organ system failure. 

In general terms the “Red Flags” indicating a severe community-acquired pneumonia requiring hospital admission include: 
Clinical:
●
Respiratory rate greater than 30 breaths/min
●
Systolic blood pressure less than 90 mm Hg 
●
Oxygen saturation less than 92% 
●
Acute onset confusion. 
Investigations:
●
Arterial (or venous) pH less than 7.35 
●
Partial pressure of oxygen (PaO2) less than 60 mm Hg 
●
Multilobar involvement on chest X-ray. 
The presence of any one of the above key features indicates a high likelihood of the patient having severe disease requiring inpatient care.

A number of scoring systems have been developed to help stratify patients with CAP according to their disease severity.

The Pneumonia Severity Index (PSI) was sometimes used however it had a number of significant drawbacks; it was too complex for efficient real time use, it was heavily weighted by the patient’s age and co-morbidities, and was designed to specifically identify low-risk patients who may be suitable for outpatient care.

More recent Australian studies (CORB and SMART-COP) have developed new severity scoring systems that are based on the more useful predictors of requirement for intensive respiratory or vasopressor support, in addition to mortality. 

These newer tools draw attention to the important clinical features that predict clinical deterioration, and so are now preferred for assessing pneumonia severity. Additionally these scoring systems are far simpler and hence more easily applied in the emergency setting. In addition to scoring systems, however, clinical judgment in each case is still important!  
CORB

CORB  is the most useful in the Emergency setting because of its simplicity, and non-reliance on the results of investigations. CORB uses the following four patient parameters, based on the most abnormal results obtained during the initial 24 hours of inpatient stay: 

C = acute confusion
O = oxygen saturation 90% or less
R = respiratory rate 30 breaths or more per minute
B = systolic blood pressure less than 90 mm Hg or diastolic blood pressure 60 mm Hg or less
Interpretation of CORB score: Severe CAP = the presence of at least two of these features.
SMART - COP

SMART-COP  includes more variables than CORB, which generally increases its sensitivity, however is a little more complex and involves the results of investigations.

Investigations

Blood tests:
The extent of blood tests will be determined by how unwell the patient is as well as the index of suspicion for any given specific condition.
The following may be required:  
1.
FBE
2.
CRP:
●
Baseline to assess progress of treatment.
3
U&Es and glucose
4.
ABGs: 
Not routinely necessary, but in unwell patients to assess severity.
5.
Blood cultures: 
●
These are not routinely required, unless the patient is very unwell or significantly immunocompromised.
6.
Nasopharyngeal swabs for viral PCR studies:
●
These should be considered for viral pneumonias, such as influenza.  
7.
Serological tests:
Other serological tests are done according to clinical suspicion. 
These may include testing for:

●
Chlamydia psittaci
●
Mycoplasma pneumoniae (more common in children), (IgM).
●
Q fever (Coxiella burnetii)

CXR  
●
A lateral should ideally be included. This will pick up left lower lobe pneumonias, which may otherwise be missed on PA alone.
●
Radiological changes may lag behind the clinical course in the acute and recovery phases. 
In other words a patient may have pneumonia with little evidence of this on CXR initially. Similarly the patient may have recovered clinically yet the CXR may still show some changes.

●
If a pneumonia has not shown radiographic resolution within 6 weeks however, a concomitant disorder (such as malignancy) should be considered and ruled out.
Sputum:
●
Sputum for M&C if possible.

♥
Including for AFBs where clinically indicated.
●
Occasionally more invasive investigations are necessary to obtain sputum when a patient is very unwell and/or is not responding to treatment. These may include bronchoscopy for bronchial washings or lung biopsies.

Urinary antigens:
●
Pneumococcal urinary antigen assay, which can be performed easily on routine urine specimens (either before or after commencing antibiotics), and appears to be reasonably sensitive and specific (especially in bacteraemic adults) and has aided the early identification of this pathogen. 
●
Legionella urinary antigen for Legionella pneumophila serotype 1, (see also Legionella guidelines).
ECG:
●
Important for assessing co-morbidity in unwell patients.
CT scan:
●
This is useful when the diagnosis is unclear and/or underlying pathology or complications are suspected.
Management

Management of the patient with pneumonia will depend on the likely causative agent, host factors, social factors and on how unwell the patient is.

1.
Immediate attention to ABC issues according to clinical need.
2.
Oxygenation is critical and should aim for O2 saturations of at least 90%.
●
This may be by facemask. Humidified and warmed O2 will need to be considered in patients likely to require O2 for prolonged periods.
●
CPAP (the role for CPAP in pneumonia is less well defined than for APO, asthma or COPD, however the CPAP will allow for the non-invasive delivery of 100% O2 as well as reduce the work of breathing. 
●
Intubation and ventilation may ultimately be necessary.
3.
IV fluids, according to clinical need.
4.
Inotropes:
●
These may be required for hypotension patients not responding to fluid therapy. 
5.
Antibiotics:
Antibiotic choice of necessity must be empirical in the first instance. 
The choice will largely be based on how unwell the patient is as well as the index of suspicion for any specific causative organism.

Mild illness:
Patients with mild community-acquired pneumonia (CAP) can usually be managed as outpatients using oral antibiotics (although some may be given a single 1.2 g dose of IV benzylpenicillin in the Emergency Department). 

Suitable options include:
●
Amoxycillin And Doxycycline or clarithromycin
Clinical review within the initial 24 to 48 hours is important.


Moderate to severe illness:
Current recommendations are:
●
Cefotaxime 1-2 grams bd or ceftriaxone 1-2g daily 
Plus either 
●
Azithromycin 500 mg IV daily.
Or
Ciprofloxacin for patients where pseudomonas is a risk (recently in hospital, elderly with chronic disease) plus doxycycline (or other cover for psittacosis; reasonable cover is provided by azithromycin).  

For cases where there is a strong suspicion of psittacosis, doxycycline should be used regardless of which other antibiotics are used. 
6.
Antiviral therapy:
●
The possibility of viral pneumonia must always be kept in mind, especially in those who are very unwell, immunocompromised, or in those eat risk on epidemiological grounds.     

●
Tamiflu is currently given for influenza pneumonia.
7.
Physiotherapy:
●
This is also an important adjunctive treatment in those with severe pneumonia

Causes of Treatment Failure in pneumonia
These may include:
●
Incorrect diagnosis, (PE, APO, asthma, Wegeners granulomatosis etc)
●
Resistant organism.
●
Inadequate dose or route of administration of antibiotic.
●
Complicating pathology, empyema, abscess.
●
Underlying/coexisting pathology, bronchial obstruction, lung carcinoma, immunodeficiency.
ANAPHYLAXIS AND SEVERE ANAPHYLACTOID REACTIONS

Introduction
Anaphylaxis is a rapidly evolving generalized multi-system allergic reaction characterized by one or more symptoms or signs of respiratory and/or cardiovascular involvement and involvement of other systems such as the skin and/or the gastrointestinal tract. 

The mainstay in the treatment of severe anaphylaxis is the prompt use of adrenaline, which can be lifesaving. 

Adrenaline must be used at the first suspicion of anaphylaxis. It is safe and effective.

Pathophysiology
Causes:
The causes are many, but the most common include:
1.
Foods

●
Peanuts, (very common)

●
Sea foods. 

●
Egg.

●
Monosodium glutamate
2.
Drugs/ chemical agents:

●
Antibiotics, penicillin in particular.

●
IV radiological contrast material

●
NSAIDs

●
Narcotics
3.
Venomous bites and stings:

●
Snake

●
Hymenoptera, (wasp, bees and ants)
4.
Plant:

●
Pollens
5.
Other:

●
Latex.
Clinical Features
Clinical features of anaphylaxis include:
1.
Skin:
●
Skin features are very common if reactions are closely observed, though can be relatively subtle in some cases. Absence of skin features however does not rule out an anaphylactic reaction.
●
Itchiness and redness of the palms of the hands is a common early manifestation. 
●
Most commonly there will be a generalized erythrodermic reaction

●
Urticaria.
2.
Airway/ mucous membranes:

●
Rhinitis.
●
Conjunctival injection and tearing.
●
Throat/ chest sensation of tightness.
●
Angioedema of the tongue and oropharynx.
3.
Respiratory:
●
Bronchospasm, with mild to severe compromise to oxygenation. 

4.
CVS:


●
Hypotension.
This can be rapid and dramatic in onset, resulting in sudden collapse
It may be due to vasodilation, increased capillary permeability and also to myocardial depression.
●
Tachycardia or bradycardia.
●
Cardiac arrest
5.
GIT:
●
Nausea, vomiting and abdominal cramping.

Differential Diagnoses: 

The diagnosis of anaphylaxis is ultimately a clinical one and the list of differential diagnoses is therefore necessarily large

The most important considerations however will include the following:
1.
Sudden collapse:

●
Vasovagal reaction, (commonly following parenteral injections).  
●
Panic or anxiety attacks, including hyperventilation.
●
Arrhythmias.
2.
Dyspnea/ bronchospasm:
●
Asthma/ COAD
●
Pulmonary embolism
3.
Hypotension:
●
Any of the 5 other causes of shock, (hypovolemic, cardiogenic, neurogenic, Addisonian and septic).

4.
Skin rashes:
●
Alternative infective causes should be considered
5.
GIT upset:
●
A very non-specific feature. Anaphylaxis will not usually have this feature in isolation. 

Severity Grading:
The following grading system is for generalized hypersensitivity reactions. The mild grade does not technically represent anaphylaxis, but the moderate and severe do so. 
Mild
Skin and subcutaneous tissue involvement only.
This may include:
●
Generalized erythematous or urticarial skin rash. This may begin with sensations of warmth and itching especially in the hands.
●
Periorbital edema, angioedema, (without airway compromise)
●
Feelings of anxiety or panic 
Moderate
●
Sensation of dyspnea/ bronchospasm (wheezing)
●
Sensations of pre-syncope.
●
GIT upset, (nausea, vomiting and diarrhea may occur)
●
Angiodema/ Laryngeal oedema (resulting in dyspnoea, stridor, aphonia, drooling) 
Severe 
●
Hypotension (SP < 90 mmHg in adults) /collapse
●
Arrhythmias/ cardiac arrest 
●
Altered conscious state/ confusion.
●
Reduced SaO2 levels, (severe shock, airway obstruction, bronchospasm).
Onset of Symptoms:
●
The onset of severe clinical features may be extremely rapid and without prodromal features.
●
Most anaphylactic reactions to insect venoms occur within 1 hour.
●
Most anaphylactic reactions to medications or food occur within 6 hours.

Risk Assessment:
●
Severe reactions in children more commonly result in respiratory symptoms rather than hypotensive ones. Poorly controlled asthma is the main risk factor for death in children.
●
Age over 35 years and a previous severe reaction are the main risk factors for hypotension and death in adults.

Investigations
●
There are no routine investigations needed when the clinical diagnosis is clear. Other investigations may be required however to help rule out alternative diagnoses when the clinical picture is less clear.
●
There is no reliable test currently available to confirm a diagnosis of anaphylaxis and so the diagnosis ultimately remains a clinical one.

Serum mast cell tryptase:
●
Serum mast cell tryptase is one test that is useful, levels rising with episodes of anaphylaxis. 
●
However its sensitivity as a biomarker for anaphylaxis is not good, (about 70%), so it is useful if positive but not helpful if negative.
●
The sensitivity and specificity of the test may be increased if serial measurements are performed, (on arrival, 1 hour later and at discharge). 

Management
Initial Treatment:
1.
Immediate attention to any ABC issues.
2.
Cease administration of any suspected medication or diagnostic contrast material 
immediately, remove allergen from patient's mouth, scrape out bee stings.
3.
Administer oxygen by face mask at 6-8 L/minute.
4.
Adrenaline:
All ampoules of adrenaline contain 1 mg (1000 microgram). Adrenaline 1:1000 contains 1 mg in 1 ml (ie 1000 micrograms /ml), whereas adrenaline 1: 10,000 contains 1 mg in 10 ml (ie 100 micrograms / ml)
Either concentration may be used intramuscularly or injected into a fast flowing intravenous infusion. If injected directly into a vein, only the 1:10 000 strength should be used (or 1 mL of 1:1000 diluted with 9 mL normal saline).

Less severe reactions can really only be classified in retrospect. Therefore administration of adrenaline should never be delayed when anaphylaxis is suspected.

Adults 
Inject adrenaline 1:1000 intramuscularly: 
●
0.5mg IM (the lateral thigh is possibly slightly more effective than the deltoid, but this may be more determined by how unwell a patient is and the relative ease of access of these two sites).
●
Intravenous boluses of adrenaline are potentially dangerous and are best avoided unless cardiac arrest appears imminent. 
For IV blouses use only 1:10,000 preparations and give slowly in 1 ml aliquots.

Children (up to 25 kg) 
Give 10 microgram/kg, (up to a maximum of 500 microgram).
●
0.01 ml / kg of 1:1000 IM (a one ml diabetic syringe may be used)
●
For IV 0.1 ml / kg of 1:10,000

Note: Approximate body weight may be calculated by the formula 2 x Age + 9 = weight in kg. 
5.
IV access
●
Establish one, or preferably two, wide bore intravenous lines (16 gauge or larger). 
6.
Posture:

●
Lie the patient flat, elevate the legs.
7.
Fluid resuscitation
●
Rapid fluid resuscitation with normal saline is an important adjunct to 
adrenaline administration.
●
10-20 mls/ kg initially, up to 50mls/ kg may be required in the first 30 minutes.
8.
Bronchospasm: 
●
Administer adrenaline or salbutamol by nebulizer.
9.
Laryngeal/ upper airway oedema
Adrenaline 5 mL of 1:1000 may be tried in laryngeal oedema and often will ease upper airway obstruction. 

●
Nebulised dose is the same for adults and children.

●
However, do not delay intubation if upper airways obstruction is progressive.

Additional Treatments:
If there has been little or no response to the initial intramuscular dose of adrenaline: 
1.
Further adrenaline treatment:
●
Repeat IM adrenaline at 3-5 minute intervals depending on response. 
If still no response or only transient responses:
●
In severe cases IV bolus adrenaline will often give only a transient response and so will be a temporizing measure until an adrenaline infusion can be commenced.
●
If the patient remains shocked, start an adrenaline infusion. These are safer than giving repeat IV boluses and are effective. 
Titrate doses according, to local hospital protocols or latest Therapeutic Guidelines, as required, to restore blood pressure. 
2.
Antihistamines: 
●
Although widely used there is in fact no good evidence for antihistamines in anaphylaxis. In severe cases they may in fact be detrimental by contributing to hypotension. 
●
Its best use is probably to alleviate distressing skin manifestations in less severe reactions.
●
Give promathazine 12.5-25 mg IM. 
●
There is some evidence that additional use of a H2 blocking agent may also be 
useful, consider, Ranitidine 1 mg / kg or famotidine 0.4 mg / kg IV.
3. Corticosteroids: 

●
Efficacy in anaphylaxis is uncertain, but these are usually given. They may be beneficial in preventing delayed or protracted reactions.

●
Administer hydrocortisone 250 mg IV or dexamethasone 10 mg IV

Additional Considerations
1.
Although additional vasopressor agents are rarely needed, occasional cases are resistant to adrenaline, especially if the patient is taking beta-blocking drugs. 

If adrenaline in adequate doses is not improving the situation or the patient is on beta-blockers give:
●
Glucagon 2 mg intravenously 

●
And consider adding a noradrenaline infusion.
2.
If anaesthesia is required for intubation:

If there is severe laryngospasm, bronchospasm, circulatory shock or coma, intubate and commence intermittent positive pressure ventilation.  

●
Care should be taken if using thiopentone, midazolam or propofol as these drugs 
will exacerbate hypotension. 
●
Suxamethonium 1-2 mg/kg may be used to facilitate intubation, but should be used only if the operator is sure of being able to intubate. Cricoid pressure should be applied during laryngoscopy and intubation.

Disposition
The time course of anaphylaxis can be classified as uniphasic, protracted or biphasic. 

Severe reactions that require treatment with adrenaline therefore will need a period of observation. 

Patients with severe reactions:
1.
Once the patient has been stabilized admission is recommended for any patient who 
has suffered a severe reaction.
Any patient, who remains unstable and/or has airway compromise, will require HDU/ICU admission.

Patients who are stable following their initial treatment should be admitted to a short stay unit for ongoing observation for a minimum period of 12 hours
●
This is primarily to observe for any delayed reactions that may occur even 
following adequate initial treatment. Delayed reactions are uncommon and not 
usually fatal, however, symptoms may cause significant distress. Whilst more 
commonly associated with reactions due to ingested allergens, the phenomenon 
may also be seen with other routes of exposure, including intravenously.

Patients with mild/moderate, non-life threatening presentations:
1.
Observe for 4 hours.
2.
May be discharged if otherwise well on:

●
Prednisolone 50 mg/day for 3 days. 

●
A non-sedating anti-histamine such as:
Loratidine 10 mg daily, fexofenadine 120 mg daily or cetirizine 10 mg daily for 3 days.

BURNS (MAJOR)

Introduction

The priorities in patients who suffer major burns, include the airway, fluid resuscitation and adequate analgesia.

Traditional formulae exist for the planning of fluid requirements, however these provide an initial guide only and in practice fluid resuscitation must be a dynamic process titrated to the patient’s ongoing clinical parameters.

Any patient who has suffered major burns should be considered for transfer to a specialist burns unit. If there is any uncertainty in this regard the case should be discussed with the specialist burns unit.    

The following refers to Adult patients.

Classification of Burns

The most useful way to classify burns is according to whether they are likely to need surgery or not, ie to differentiate between superficial -mid dermal (not usually needing surgery) and deep dermal (possibly needing surgery)- full thickness burns (always needing surgery).

Burn depth can be assessed according to the following chart:
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The exact depth of intermediate depth burns (especially the distinction of mid from deep dermal) is often very difficult to ascertain clinically in the first few hours and usually requires observation over the ensuing 2-3 days.

●
Deep partial burns have a high incidence of delayed hypertrophic scarring.

●
Full thickness burns will require grafting

Pathophysiology

The Jackson’s Burn Wound Model
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Jackson’s Burn Wound Model provides a model for understanding the pathophysiology of a burn wound. 
The zone of coagulation nearest the heat source is the primary injury. This zone has irreversible tissue necrosis at the centre of the burn due to exposure to heat, chemicals or electricity. The extent of this injury is dependent on the temperature (or concentration) and the duration of exposure.
Surrounding the central zone of necrosis is a zone of ischemia in which there is a reduction in the dermal circulation. This is damaged but potentially viable tissue. This ischemic zone may progress to full necrosis unless the ischemia is reversed. If the ischemia is not relieved, for example when resuscitation and wound care are suboptimal, then persisting ischemia will worsen, and the burn depth will increase.
At the periphery of the burn is a third zone of hyperaemia characterised by a reversible increase in blood flow and inflammation

Clinical assessment

Evaluation of Burns Extent:
See also Burns Charts, below (appendix 1 and 2)

The Rule of palms:
Rule of “palms”: the surface area of the patient’s palm is approximately 1%  Body Surface Area (B.S.A.)  (Good for smaller areas, irregular patches).
Rule of 9s: set out below; good for more extensive areas.

The Wallace Rule of 9s for Adults:
Head and Neck = 9%
Each Arm (including Hand) = 9% (18% for both)
Each Lower Limb = 18% (36% for both)
Front Of Trunk (Chest and Abdomen) = 18%
Back Of Trunk, (Chest, Abdomen and Buttocks) = 18%
Perineum = 1%

The Lund and Browder chart For Children:
There is the Lund and Browder chart for children, but as a guide:
Up to one year of age: Head & Neck are 20% of B.S.A. and each LOWER LIMB is 12.5%.
Then with each 1-year of life between 1-10 years subtract 1% from the Head and Neck and ADD to the LOWER EXTREMITIES (i.e. ½ to each LOWER LIMB).

Evaluation of Burn Severity:
Factors Affecting Burn Severity:
1.
Extent of body surface area (B.S.A) affected.
2.
Depth, (see chart above)
3.
Associated injuries / conditions (eg trauma, smoke inhalation)
4.
Age (the very young and the elderly)
5.
Site (hands, feet, face and inhalational, perineum, major joint)
6.
Nature of burn (eg. electrical / radiation / chemical / thermal)
7.
Pre-existing medical problems.
8.
Circumferential burns.
9.
Burns to the respiratory tract / inhalational injury:
Risk factors for smoke inhalation (and carbon monoxide poisoning), and airway / respiratory tract injury include:
●
Facial burns, (45%)
●
History of burns sustained within an enclosed area.

●
Carbonaceous sputum

●
Altered conscious state

●
Intra-oral edema.

●
Change in voice/hoarseness

●
Respiratory distress

Respiratory tract injury can be classified as:

Type 1: 
Upper airway, with risk of early obstruction.

Type 2:
Lower respiratory tract, with risk of ARDS/pneumonia

Type 3:
 Systemic intoxication, (CO, cyanide)

Investigations
Blood tests
1.
FBE
2.
U&Es/ glucose

●
Potassium is the most urgent (because of rhabdomyolysis)
3.
Group and save blood:
●
For possible pre-operation workup
●
Extensive burns, can result in significant red blood cell destruction associated 
with destroyed deep skin layers
Others as clinically indicated
4.
ABGs 

●
Co-oximetry for CO levels.

Management
1.
Airway:
●
Oxygen therapy 

♥
Especially for inhalational injury, or CO poisoning, (see separate 
guidelines for CO poisoning).

♥
Give 100 % humidified oxygen.
●
Intubation for extensive facial / oro-pharyngeal burns, should be done early before significant airway problems develop.

In general terms the indications for intubation in burns victims include:
· ●
Stridor is an immediate indication for intubation.

· ●
Prophylactic intubation prior to transfer if history or signs indicate likelihood of 
inhalation and thus possible airway obstruction

· ●
Increasing swelling of head and neck

· ●
Unprotected airway

· ●
GCS < 9

· ●
Uncooperative/combative/disoriented patient

A patient with a history or signs suggestive of inhalation injury requires careful and repeated assessment of the airway over time if not intubated
2.
Breathing:

●
Treat any bronchospasm, pulmonary edema.
●
Carefully assess the chest: Deep circumferential burns of the chest or abdominal 
skin can restrict chest expansion and compromise ventilation.  Escharotomies  
may be required.
3.
Circulation:
Shocked patients, (especially those with delayed presentations) will need initial fluid 
bolus resuscitation of 20mls/kg crystalloid.
Assess extent and depth of burns to estimate fluid requirements over next 24 hours.

Current ANZBA recommendations are that for burns greater then 15 % (greater than 10 % for children)
●
IV fluids will be necessary.
Two larger bores IV cannulas are recommended. A CVC is also desirable for major burns (but not essential initially)
IV lines may go through a burnt area (they are sterile) if necessary, (but is best avoided if possible)

Normal saline or Hartman's solution may be given.

While albumin may be lost from the circulation, colloid solutions have not been shown to reduce tissue edema in the first 8 hours, or to improve clinical outcomes.

Formulas for fluid requirements in burns: 1
BROOKE FORMULA 2 mls / kg / % BSA burnt over 24 hours
PARKLAND FORMULA 4 mls / kg / % BSA burnt over 24 hours
CONSENSUS FORMULA 2-4 mls / kg / % BSA burnt over 24 hours.

As a general rule:
Less than 30 kgm:

2-4 mls / kg / % BSA + maintenance over 24 hours

Maintenance is added in pediatric patients because the formula tends to underestimate requirements due to the increased surface area to volume ratio. There is also relatively greater insensible losses compared to adults.

Half of the formula volume is given in the first 8 hours (from the time of the burn) and half of the formula volume is given over the next 16 hours.

Maintenance is then added to the above. The preferred pediatric maintenance fluid is Half normal saline & 5 % dextrose.

Greater than 30 kgms:
2 - 4 mls / kg / % BSA over 24 hours (ie maintenance is not included).

Half of the calculated volume is given in the first 8 hours (from the time of the burn) and half of the volume is given over the next 16 hours.

If burns are mainly superficial, the lower end, i.e. 2 mls / kg / % BSA maybe used.

If burns are deeper or very extensive (or an electrical / inhalational injury), then 4 mls / kg / % BSA should be used.

●
The formula is an initial guide only.
●
If there is delay in presentation, the patient will require greater amounts of fluids initially.
Ongoing fluids must be judged according to the ongoing clinical picture, especially:
●
Observations, (pulse and blood pressure).
●
CVP
●
Peripheral perfusion.
●
Urine output, (which is the best clinical indicator, other parameters often being difficult to assess in burns)
♥
Adults 30-50 mls / hour
♥
Children (less than 30 kgm) 1 ml / kg / hour

Emergency initial resuscitation in the field:

A useful rule for initial fluid resuscitation in the field (i.e. ambulance officers) is:

Weight in kgs X % TBSA = mls of Normal saline in the first 2 hours post injury, 
(in adult patients). 
4.
Immediate first aid:
●
Cool running water is best in the setting of more minor burns
●
In major burns, there will usually be more urgent priorities, and cool water to 
large areas for prolonged periods should be avoided due to the risk of 
hypothermia.
Prolonged cooling to deep burns is unlikely to be helpful. It is most beneficial for minor partial thickness burns, where hypothermia is unlikely.
●
Timely pharmacological analgesia will often be the best approach for major 
burns.

●
Where possible, burnt parts should be nursed in an elevated position. This is 


especially important in the case of circumferential burns.
5.
Analgesia:
●
Opioid analgesia will usually be required. 

Morphine titrated to clinical effect: 
Morphine 2.5 to 5mg IV as an initial dose, then titrated to effect every 5 to 10 minutes with further incremental doses of 2.5 to 5mg IV 

In elderly patients or those with cardiorespiratory compromise, an initial morphine dose of less than 2.5mg IV and incremental doses of 0.5 to 1mg should be considered.

If morphine is contraindicated, consider fentanyl at 25 to 50 micrograms IV as initial equivalent dose


For children 0.1 mg/kg titrated to clinical effect 5 minutely, (up to of maximum of 0.3 mg/kg)

The IV route is preferable (the IM route is unreliable due to variable absorption in a shocked state).

●
Ketamine:
♥
In very severe cases, or very distressed patients sedation/ anaesthesia 
with ketamine may be required to adequately assess and provide initial 
dressings.

●
Infusions:
♥
For significant ongoing analgesic requirements, a morphine infusion 
should be considered.
♥
Additional low dose ketamine infusions are also very useful for 
intractable pain/ distress.
6.
Establish monitoring
●
Blood pressure (non invasive or invasive as clinically required)
●
Pulse oximetry
●
Continuous ECG
●
IDC

♥
With a core body temperature measuring device is desirable.

♥
Aim for a urine output of 0.5 - 1 ml/kg /hour in adults and 1 ml/kg /hr in 

children

●
A CVC is desirable for major burns (but not essential initially)
7.
Nasogastric tube:

●
This should be considered, according to patient toleration, (gastric stasis and 

ileus can occur in major burns). It is not suitable for patients with facial/ airway 

burns.
●
In general terms nasogastric tubes are considered for burns >15 % body surface 
area in adults and > 10 % body surface area in children.
8.
In multitrauma cases:
As for any multitrauma:
●
Full primary survey

♥
Assess for and treat any other immediately life-threatening injuries

♥
Immobilize cervical spine, as clinically indicated.
●
Full secondary survey
9.
Wound debridement:

●
Hair should be shaved at least 2 cm away from the wound
●
The wound should be irrigated to clear any foreign material or tissue debris. 
This can be done with sterile saline or with aqueous chlorhexidine solution 

●
Devitalized skin/ tissue should be removed with sterile scissors

●
Larger blisters can be aspirated with a sterile needle. 
10.
Dressings:

Most major burns will require transport to a specialist Burns Unit, and so "definitive" dressings will often not be required in the first instance.

The type of dressing will be largely determined by the timeliness of transfer.

In general terms:

If transfer within 6 hours of injury is possible:

●
Burns can be dressed with Burnshield (or similar such as Burn Aid) and 
then covered with simple Plastic Cling Wrap for the transfer. (Hydrogels are not 
generally used in children however).

●
Plastic Cling Wrap should be applied longitudinally.

Avoid wrapping affected area circumferentially with plastic film wrap as this can have a tourniquet effect as oedema worsens

If transfer is to be > 6 hours following injury:

●
Use paraffin gauze (e.g. jelonet or bactigras) or a silver dressing (e.g. 
Acticoat-flex), depending on the depth of the major part of the burns. 

●
Burns of mid-dermal or greater depth should have a silver dressing.
11.
Protect against hypothermia (especially with extensive burns) with a “space blanket”
●
This will also help protect the patient from air currents (which may cause significant pain with partial thickness burns as well as increase evaporative fluid losses).
12.
Tetanus immunoprophylaxis as indicated.
13.
IV omeprazole to protect against “stress ulceration”
14.
Surgery:

Surgical grafting will be required for:
●
 Full thickness burns 
●
Deep partial thickness burns which take longer than 2-3 weeks to heal should be treated with excision and grafting as there is a high incidence of hypertrophic scarring otherwise.
Note that with severe burns > 30 % that will clearly need grafting, surgery should be done as soon as possible even if this means ongoing resuscitation whilst in the operating theatre. This is to reduce the incidence of “SIRS”, (systemic inflammatory response syndrome), which can rapidly lead to “MODS”, (multiple organ dysfunction syndrome), one of the commonest causes of death in the ICU)

In cases of circumferential burns:
●
Remove any rings / bracelets
●
Assess circulation 
●
Assess the adequacy of ventilation in the case of chest circumferential burns.
●
Assess the adequacy of the airway in the case of circumferential neck (& facial) 

burns.
●
Elevate the part
●
Consider the need for escharotomy, this should be discussed with a specialist 

Burns Unit 

Disposition
Consider the need for transfer to a specialized burns unit:

Current ANZBA guidelines for consideration for transfer to a burns unit include:
1.
Inhalational injury
2.
Burns > 10 % body surface area
3.
Burns to special areas: face, hands, major joints, feet, genitalia
4. 
Full thickness burns greater than 5% total body surface area

5. 
Electrical burns 
6. 
Chemical burns 
7. 
Circumferential burns of limbs or chest 
8. 
Burns with associated trauma

9. 
Burns in the very young or older people 
10. 
Burn injury in patients with pre-existing illness or disability that could adversely affect patient care and outcomes
11. 
Suspected non-accidental injury in children

12. 
Burns in children under the age of 12 months 
13. 
Small area burns - in patients with social problems, including children at risk 
14. 
Burns occurring in pregnant women 
15. 
Burn injuries which the referring unit is concerned about or are slow to heal.
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FROSTBITE
Introduction
Frostbite is a severe localised tissue injury resulting from environmental exposure to freezing (sub-zero) cold.
Note that there are a number of conditions that can occur following exposure to non-freezing cold and damp environments which are not included in the strict definition of frostbite, - these are frostnip, perniosis (or “chilblain”) and immersion foot (or “trench foot”).
If a partially thawed part is allowed to refreeze the extent of tissue damage is significantly increased.
In severe cases, tissue necrosis and auto-amputation occur.

Treatment consists of the avoidance of further tissue damage and gentle rewarming. In more severe cases surgical debridement or amputation will be necessary. A specialist burns unit is the best pathway of referral for severe injury.

Pathophysiology
Cause:
Frostbite occurs as a result of:
●
Exposure to extreme cold environments
●
Prolonged direct exposure to ice on the skin 
♥
This can occasionally occur iatrogenic as a result of incorrect treatment of soft tissue injuries.
Physiological effects of cold on the peripheral circulation:
Normal cutaneous flow is approximately 200 - 250 mL/min At 15°C, maximal vasoconstriction is reached and blood flow falls to around 20-50 mL/min
Below 15° C, vasoconstriction is interrupted by periodic pulses of vasodilation which occur at 3 - 5 times per hour and last 5 - 10 minutes. These pulses are more frequent and longer lasting in individuals who are more acclimatized to the cold, a mechanism perhaps helping to explain why some individuals are less making prone to frostbite than others.

At 10° C, neurapraxia occurs, resulting in loss of cutaneous sensation
Below 0° C, cutaneous blood flow virtually ceases. Skin temperature rapidly drops. Smaller blood vessels (i.e., microvasculature) freeze before larger blood vessels, and the venous system freezes before the arterial system due to lower flow rates 

Pathology of freezing injury:
Prolonged exposure to subfreezing temperatures results in the formation of both extracellular and intracellular ice crystals which can lead to cell damage resulting in the release of inflammatory mediators which further contributes to cellular damage, and cell death.

This process occurs in 4 overlapping phases:
●
Pre-freeze:
♥
This consists of tissue cooling with accompanying vasoconstriction and 
ischemia, but does not involve actual ice crystal formation. 
♥
Neuronal cooling and ischemia produces hyperesthesia or paraesthesia.
●
Freeze-thaw:
♥
In the freeze-thaw phase, ice crystals form intracellularly (during a more rapid-
onset freezing injury) and/or extracellularly (during a slower freeze), causing 
cellular damage.
♥
The thawing process may initiate ischemia-reperfusion injury and an 
inflammatory response.
●
Vascular stasis:
♥
In the vascular stasis phase, blood vessels may fluctuate between constriction 
and dilation; and blood may leak from vessels or coagulate within them.
●
Late ischemic:
♥
The late ischemic phase results from progressive tissue ischemia and infarction 
from a cascade of pathological biochemical events
♥
Destruction of the microcirculation is the main factor leading to cell death.
♥
The initial cellular damage caused by ice crystals and the subsequent post-
thawing processes are made worse if refreezing follows thawing of injured 
tissues.
Predisposing factors:
These include:
●
Age extremes, (the very young, the elderly)
●
Malnutrition
●
Physical exhaustion or injury.
●
Dehydration
●
Alcohol consumption.
●
Apart from cold itself, wind and water will also increase the chances of frostbite 
occurring.
●
Lack of appropriate preparation for freezing conditions.
●
This pathological process of frostbite is enhanced if refreezing follows a partial thawing of the tissues.
●
Previous frostbite
Complications
These may include:
●
Tissue loss (much greater with deep frostbite than with superficial frostbite.
●
Victims of frostbite have an increased risk of recurrent frostbite from any 
subsequent re-exposure to freezing conditions.
●
Fascial compartment syndrome/ rhabdomyolysis. 
●
Infection, (more likely with deep frostbite)
●
Permanent sensory loss or dysesthesias and poor cold tolerance in the affected 
parts.
Clinical features
Frostbite can be classified as either:
●
Superficial:
Here only skin and subcutaneous tissues are involved.
♥
Initial areas of mottled or pale, wax like numb skin.  Subcutaneous 
tissue tends to 
remain pliable
Progressing to:
♥
Surrounding oedema 
Progressing to:
♥
Formation of large clear blisters 
Progressing to:
♥
Dried out superficial eschar. Tissue loss, if it occurs, tends to be minimal and 
superficial.
●
Deep:
Here skin, subcutaneous tissue, and deeper tissues including muscle, tendon, and bone are all involved.
♥
Initial areas of mottled or pale, wax like numb skin. 
 
The dermis tends not to be able to be rolled over bony prominences
Progressing to:
♥
Surrounding oedema 
Progressing to:
♥
Formation of smaller haemorrhagic blisters. 
Progressing to:
♥
Eschar formation over a week, which may involve deeper tissues including 
muscle and bone. 
Progressing to:
♥
Tissue loss is common. Auto-amputation may occur after a period of weeks.
Frostbite typically affects tissue with end-arterial supply, hence:
●
Fingers
●
Toes
●
Certain facial areas; ears, nose and cheeks.
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Severe frostbite in a 35 year old man found in a snowbank with an ambient temperature of negative 35 degrees Celsius. His hands and feet show the typical deathly waxy pale appearance of early frostbite. Despite treatment, the patient’s right hand, left middle finger, and left great toe were eventually amputated. 
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Gangrenous finger tips, due to the late changes of frostbite.

Investigations
Frostbite is a clinical diagnosis. Investigations are directed at any suspected secondary complications.
MRI/ MRA may be useful to predict tissue viability and so assist in decisions on the extent of surgical debriding required of affected tissues.

Management
Prehospital setting
1.
Remove the victim from the cold environment
2.
Remove any wet clothing. 
3.
Avoid trauma to the damaged tissue:
●
Do not walk on frostbitten feet unless absolutely necessary.
●
Do not vigorously rub the affected tissue.
4.
Re-warming:
●
This should commence immediately providing the warming can be maintained 
and refreezing prevented.
●
Rapid rewarming results in better outcomes than slow rewarming.
●
Immerse the affected area in warm (i.e. comfortable when applied to the back of the hand) water.

If a thermometer is available then temperatures of 37-39 degrees Celsius are 
recommended.
Alternatively: 
●
Use body heat (e.g. place fingers under axillae or another person). 
●
Forced warm air fans, if available.
Do not use direct close proximity heat from hot stoves or fires to rewarm, (these may result in burns, unnoticed by insensate skin). 

On rewarming, (thawing):
●
A reactive hyperaemia is seen 
●
A return of sensation occurs
●
The skin becomes soft and pliable.

Thawing takes about 20 - 40 minutes for superficial injuries and up to 1 hour for deep injuries. A common error in this stage of treatment is the premature termination of the rewarming process because of reperfusion pain.
5.
Avoid refreezing injury:
Thawing of frozen tissues by rewarming must not be attempted if there is a possibility that subsequent refreezing of the affected area may occur. 
If a partially thawed limb is allowed to refreeze the extent of tissue damage is significantly increased.
Do not commence tissue thawing if subsequent refreezing of the tissue is a risk.

Hospital setting
1.
Resuscitation:
●
Frostbite can be a severely deforming injury, but is not a lethal injury, and 
so other priorities of management relating to trauma or systemic hypothermia, will constitute initial priorities of management.
2.
Analgesia:
●
Typically parenteral titrated opioid analgesia will be required.
●
To inhibit harmful prostaglandins oral non-steroidal anti-inflammatory 
analgesia should also be administered unless there is a specific contra-
indication to these agents. 1
♥
NSAIDs are continued until the frostbite wound is healed or surgical 
management occurs (typically 4-6 weeks).
♥
Ibuprofen 400mg tds is one recommendation.
3.
Ongoing rewarming:
●
Immerse the affected part in warm water heated to approximately 38 to 40 
°C 
(i.e. comfortable when applied to the back of the hand) for 15 to 30 minutes 
until the affected tissue is pinkish and soft to the touch. 
4.
Splint and elevate the affected part.
5.
Initial debridement:
●
Small clear blisters should be left intact, but larger haemorrhagic bullae should be aspirated (but not debrided). 
●
Any large bullae restricting motion at a joint should be debrided. 
6.
Dressings:
●
There is some evidence for improved outcomes for superficial frostbite with 
the use of aloe vera, (by reducing prostaglandin and thromboxane formation).

If available, topical aloe vera should be applied to thawed tissue prior to 
applying dressings.
●
Use soft non-adherent dressings once the rewarmed skin is dry. 
●
Soft padding should be placed between adjacent digits.
7.
Antibiotics:
●
There is no indication for routine prophylactic antibiotics, however, if 
infection is apparent, parenteral antibiotics that include antipseudomonal 
cover should be commenced. 
8.
Tetanus immunoprophylaxis:
●
This should be given, as clinically indicated.
9.
Surgery:
●
Early surgical debridement should be avoided.
●
Early experienced surgical consultation should be obtained. 
♥
Unnecessary early, aggressive surgery is more common by those 
surgeons who lack experience in the management of frostbite.  
●
Delineation of viable from nonviable tissue may not be apparent until more than a week after rewarming.

●
Necrotic tissue must be debrided/ amputated
●
Wet gangrene (i.e. infected tissue, as opposed to the dry gangrene of 
necrotic but uninfected tissue) is treated by antibiotics and urgent surgical 
excision of the affected area.
10.
Adjunctive measures:
Other potential treatments to consider following expert consultation include:
●
Intra-arterial thrombolysis
●
Papaverine (vasodilator) therapy.
●
Hyperbaric oxygen therapy.
Disposition

Most patients with frostbite will require at least short-term hospital admission for analgesia and wound care.
All patients with deep frostbite should be referred for specialist care and close follow-up.  In this regard a specialist burns unit is the most appropriate referral.
Victims of frostbite should be advised of the increased risk of recurrent frostbite from any re-exposure to freezing conditions

HYPOTHERMIA

Introduction

Hypothermia is defined as a core body temperature of less than 35 0 C.

It may be missed in patients who present for other reasons, unless it is specifically looked for.

A range of generally accepted drug and other treatment modalities used to manage normothermic patients will often be problematic in the hypothermic patient and may require modification.

Physiology
In warm blooded animals, the hypothalamus stimulates a compensatory response to cold exposure by activating:
●
Shivering: 
♥
Shivering can increase metabolic rate up to 5 times, producing increased 
endogenous heat, but ceases once glycogen stores are depleted or the body 
temperature falls below 30 º C.
●
An increase in thyroid and catecholamine activity to stimulate heat production. 
●
Peripheral vasoconstriction, which redirects blood flow from the body surface 
where maximum heat loss occurs.
Pathophysiology 
As the body core temperature lowers from the normal range there is progressive organ dysfunction and eventual death. 
The level at which this occurs varies between individuals.
Classification of Hypothermia
Hypothermia is defined as a core body temperature of less than 35 0 C.
It is classified into three groups:
Mild: A core temperature of 32 0 C - 35 0 C. 
●
The body copes with various thermogenesis compensating mechanisms 
including shivering. There may be some mild slowing of all physiological 
functions.
Moderate: A core temperature of 29 0 C - 32 0 C.
●
Here there is a progressive failure of thermogenesis compensating 
mechanisms. 
Severe:
 A core temperature of less than 29 0 C.
●
Compensatory mechanisms fail and the body temperature approaches that 
of the 
surrounding environment, (poikilothermia).
Causes
1. Excessive heat loss: (This is the result of 4 processes, radiation, conduction, convection and evaporation)
●
Environmental exposure.
●
Multitrauma 
●
Generalized dermal lesions, severe burns, and erythrodermoid conditions.
●
Water immersion:
Note here that duration and water temperature both play important roles in the pathophysiology of hypothermia associated with immersion. 

Death may in fact occur within minutes in very cold water (< 5o C), although this isn’t from core hypothermia, rather it is from immersion syndrome, (abrupt onset of cardiac arrhythmia due to cold water exposure) or from neuromuscular dysfunction resulting in drowning. Core hypothermia may still take over an hour in water this cold.    

Even in water up to 21o C, core hypothermia can occur if the exposure is prolonged enough, (many hours).
2. Inadequate heat production:
Nutritional:
●
Starvation / malnutrition
Hypo-endocrine states:
(
Hypothyroidism, (myxoedema)
(
Hypoadrenalism
(
Hypopituitarism
3.
Thermoregulatory center dysfunction:
●
Hypoglycemia
●
Severe sepsis.
●
Drugs, alcohol, phenothiazines.
●
CNS disease in general, stroke, infection, tumour, Wernicke’s 
encephalopathy.
Cold Diuresis:
Exposure to cold stimulates peripheral vasoconstriction to conserve heat. 

Shunting of circulation centrally produces an elevation of blood pressure which in turn inhibits antidiuretic hormone (ADH or vasopressin), increasing urine volume. A “cold diuresis” results with consequent dehydration. 

Clinical Features
Although hypothermia is most common in colder climates with environmental exposure, severe accidental hypothermia can also be seen in the metropolitan regions, with infants, the elderly and the socially isolated being at highest risk.

A common hypothermia scenario in the metropolitan regions is the elderly person found confused on the floor in winter. Considerations here must also be given to the possibility of stroke, trauma (especially hip fractures) and intracerebral bleeds and to the possibility of rhabdomyolysis.

The following is a guide. In practice there can be wide individual variation, which may in part be related to previous acclimatization.

Mild Hypothermia:
●
Compensatory mechanisms are active:
♥
Shivering.
♥
Increased metabolic rate
♥
Tachypnea
♥
Mild increases in heart rate, blood pressure and cardiac output.
●
Skin is cold to touch
●
Dysarthria, to variable degrees may be seen
●
Mild confusion, apathy and ataxia
● 
“Cold diuresis” (inhibition of ADH)

Moderate Hypothermia: 
1. The predominant feature is the progressive loss of compensatory mechanisms.
●
Shivering ceases.
●
Increasing muscle rigidity.
●
Declining thermogenesis.
2. Progressive decline in physiological functions:
●
Altered mental state, apathy, and confusion or decreasing conscious state.
●
Depressed neurological function, dilation of the pupils, and loss of 
reflexes.
●
Declining metabolic rate, (at 28 0 C it will be 50 % of normal)
●
Continuing CVS depression, with the development of arrhythmias, 
including:
♥
Reducing cardiac output.
♥
Arrhythmias, most commonly junctional bradycardia or slow AF.
♥
Prolonged QT (with possible torsade)
♥
Development of J waves on the ECG
●
Decreasing respiration

●
Ileus
Severe Hypothermia:
In severe hypothermia there is complete failure of thermoregulation.
The body adopts the temperature of the surrounding environment (poikilothermia) and loses the ability to rewarm spontaneously. 
Signs of life may become almost undetectable.
1.
Severely depressed neurological function, including:
●
Coma (including reduced EEG activity)
●
Fixed and dilated pupils
●
Areflexia
2.
Respiratory depression, apnea.
3.
Myocardial effects:
●
Profound depression of myocardial function, with bradycardia, hypotension and life threatening arrhythmias, VF (especially at 22 0 C) and asystole, (especially at 18 0 C)
In a field setting, where measuring core temperature is not possible, “moderate” and “severe” may be grouped together (as “profound”) in distinction to a “mild” hypothermia, as they typically share the readily assessed clinical features of absence of shivering and an altered mental state. 

Further Complications:
1.
Reduced drug metabolism:
●The pharmacokinetics and pharmacodynamics of many drugs, including adrenaline and insulin, are substantially altered or unknown at low body temperatures.
2.
Resistance to electrical defibrillation or cardioversion.
3.
The myocardium becomes “irritable” and rough handling of the patient may result 
in arrhythmias including VF.
Less commonly, the following have also been reported, however the direct causal relationship with hypothermia is less certain: 
4.
Renal failure
5.
Rhabdomyolysis
6.
Coagulopathy (DIC)
7.
Pancreatitis.

Factors which may identify the Non Salvageable Patient: 1
The following factors have been put forward, although their clinical utility is questionable.
●
A serum potassium greater than 10 mmol / L
●
A core temperature less than 6 0 Celsius.
●
A core temperature less than 15, 0 Celsius if there has been no circulation 
for > 2 
hours.
●
A venous pH of < 6.5
●
Severe coagulopathy
●
Intracardiac clots on thoracotomy.
●
Failure to obtain venous return on ECMO.

Investigations
ECG
ECG changes include:
●
Development of the J or “Osborne” wave: 

Serial hypothermic ECG changes showing J waves. 
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♥
This is an extra upward deflection between the R and the T wave. It is often fused with the downstroke of the QRS complex, 

♥
Its rounded convex upward contour helps distinguish it from an RSR pattern. Together with the spike of the QRS, may form a typical “spike and dome” appearance.

♥
It may be confused for a T wave with a short QT interval, however the 
later actual T wave will still be seen. This T wave may be inverted.


♥
It is best seen on V3 and V4.
♥
J waves, although seen in hypothermia, are non-prognostic, and non-
specific.
●
Non specific T wave changes
●
Prolongation of all phases of the cardiac action potential, including the QT 
interval with a subsequent risk of Torsade
●
Arrhythmias

♥
Sinus bradycardia, (common).
♥
Slow AF, (common).
♥
Terminally: PEA, VF, asystole or VT
●
Muscle shivering artifact in mild cases.

Blood tests:
1.
FBE:
●
Hematocrit may be increased due to hemoconcentration (secondary to the 
cold diuresis).
2.
U&Es and glucose:
●
Hyper or hypoglycemia may occur. Muscle glycogen is the substrate 
preferentially used to generate heat by shivering and so all hypothermic 
patients will need glucose.
●
Additionally, insulin is less active at temperatures less than 30 0 C and this 
may result in mild degrees of hyperglycemia.
3.
Coagulation profile
4.
LFTs
5.
Lipase
6.
CK/ myoglobin
7.
ABGs:
●
Note that it is currently recommended that the ABG results should be 
interpreted at face value, rather than attempting to adjust them according 
to the patient’s temperature. 2

Other investigations are not routinely required in hypothermia. They should be done as clinically indicated.

CT Scan Brain:
Patients with profound hypothermia will usually have an altered conscious state.
The threshold for CT scan of the brain should be low, especially if the patient does not improve with rewarming.
If the patient does not respond within a reasonable time frame, secondary pathology or indeed the causative pathology should be sought with a CT scan of the brain.

Management
Initial General Measures:
1.
Immediate attention to any ABC issues.
2.
IV fluids:

●
Volume will generally be needed (due to cold diuresis). 

●
These should be warmed.
Sodium chloride 0.9% solution warmed to approximately 40 to 42 ºC is the preferred fluid choice, and should be administered cautiously as the patient rewarms and their intravascular space expands. 
A relative level of hypotension can be normal in hypothermia - it is important to be aware of this and to regularly reassess fluid requirements as the patient rewarms to avoid intravascular fluid overload.
3.
Electrolyte and glucose disturbances:
●
Correct hypoglycemia, mild hyperglycemia requires no special treatment.
Glucose is required as an energy substrate in all hypothermic patients. If glucose cannot be taken orally, then some should be administered intravenously. 5
●
Electrolyte concentrations may change rapidly and unpredictably with 
rewarming, and should be monitored closely. Any electrolyte disturbances 
should be corrected.
4.
Gentle handling of patient:
●
Rough handling especially in the profoundly hypothermic may precipitate 
arrhythmias
5.
Establish monitoring: 

●
Continuous ECG. 

●
Pulse oximeter.

●
Core temperature monitoring:
Body core temperature may be measured at a number of sites, including esophageal, tympanic, bladder and rectal. 
Standard thermometers are often unreliable below 34 ºC. 
Infrared tympanic thermometers are unreliable in a field setting, however they do seem to correlate well with core temperature in hospitalized patients, (possibly because most hypothermic ED patients have cooled relatively slowly allowing temperatures to equilibrate throughout the body).   
An oesophageal probe is the most reliable method, but typically this is only possible in a ventilated patient.
Ongoing core temperature monitoring urinary catheter devices such as the Curity 12 French Foley urinary catheter with temperature probe, is often the most practical device as it is most easily placed. 
●
End tidal CO2 monitoring in intubated patients. Recordings will read 
lower than at normal temperatures and are therefore more difficult to 
interpret.

●
CVCs:
Note that central lines should be avoided in the profoundly hypothermic patient (due to the risk of precipitation of arrhythmias) A short femoral line is a good alternative if central access is required. 
6.
Look for and treat as necessary any coexistent trauma / pathology.
7.
Arrhythmias:
● 
Benign arrhythmias, such as sinus bradycardia, slow AF, other atrial arrhythmias and transient ventricular arrhythmias are common physiological responses in hypothermia and require no specific treatment other than rewarming. 
●
Most cardiac arrhythmias associated with hypothermia will resolve 
spontaneously with rewarming. 
●
Antiarrhythmic drugs are not generally indicated unless malignant 
arrhythmias are present. Although there is limited evidence to support any 
specific drug, magnesium seems to hold some promise to treat ventricular 
arrhythmias associated with hypothermia. 5
Rewarming:
Rewarming is the definitive treatment. 
The techniques used will depend on the patient’s core temperature, clinical status and the available resources.
Rewarming in Mild Hypothermia
Simple passive techniques are usually all that is required in these cases, providing the patient has retained the physiological capacity to shiver and to generate body heat.
They include the following:
1.
Protection from the environment and especially from any wind (to reduce 
evaporative and convective losses)
2.
Removal of any wet clothing, (water has 25 times the thermal conductivity of air)
3.
Drying the patient.
4.
Provision of an insulation blanket, (shiny side in). 

●
This will reduce radiative, evaporative and convective losses.
5.
Warm drinks, if able to be tolerated are helpful.
Rewarming in Moderate Hypothermia
Here the patient’s thermoregulatory mechanisms begin to fail and so in addition to the above passive techniques for rewarming more active measures must also be taken to assist the patient in achieving a core temperature of at least 32 0 C.

Active external measures include:
1.
Radiant heat sources.
●
This may include immersion in warm water in some circumstances (for 
patients who will not require any other medical interventions) or close 
body to body contact when in the field.
2.
Forced Air-Blanket devices. The device is usually set at 43 0 C.
3.
Warm bathwater immersion is discouraged in these patients, as this impairs the 
overall ability to properly manage and monitor the hypothermic patient.

Active internal measures include:
1.
Warmed and humidified inhaled oxygen therapy. 

This can be done via specific delivery devices. 
●
Humidification of the inspired oxygen is important to help reduce 
evaporative losses from the respiratory tract and because dry air has relatively low thermal conductivity as compared to humidified air. 

●
The heating coil on the device should be set at 40-42 0 C.
2.
Warmed IV fluid therapy. 
●
A specialized heating device is best. The heating coil in the warming device is generally set between 40-42 0 C.


●
Alternatively fluid bags stored in a blanket warmer may be used.

●
Note that IV administered fluids should never be microwaved.
Possible theoretical problems with the two external techniques (radiant heat and forced air blanket) have been said to include “the afterdrop” phenomenon and “rewarming shock and acidosis”. These concerns however have little, indeed probably no, clinical relevance.

Rewarming in Severe Hypothermia

Generally severe hypothermia responds well to a combination of all the above methods used for mild and moderate hypothermia.
On occasions, if there is an inadequate response to these measures or if the patient is particularly unstable, especially with respect to the cardiovascular system, including the “arrested” patient, then more aggressive invasive active internal techniques may be necessary to rapidly achieve a core temperature of at least 30 degrees Celsius, (a level below which more malignant arrhythmias may occur).
Options here include:
1. Extra Corporeal membrane oxygenation, (ECMO), if available.
●
This is the best means of rapidly rewarming a patient (up to 7.5 0 C per 
hour) as well as providing a circulation and oxygenation in the arrested 
patient.
2. If ECMO is not available then, left pleural lavage with warmed normal saline via an intercostal catheter should be tried.

Cardiac Arrest in Hypothermia:
Cardiac arrest presents a particular dilemma in the severely hypothermic patient. At core temperatures of less than 29 0 C, signs of life can be extremely difficult to detect. 

“Rough handling” is said to predispose to VF or other malignant arrhythmias. The dilemma has been put that if the patient appears to have no pulse, yet has a “perfusing” rhythm  (a form of PEA), then should CPR be commenced with the subsequent risk of inducing a worse rhythm such as VF? 

Current consensus opinion suggests that the “rough handling” issue has been overstated, particularly in relation to intubation which is now considered safe. The issue more probably more relevant in the prehospital setting where issues such as the helicopter winching of patients to the horizontal position are encountered. 

If a monitored patient appears to be in cardiac arrest with no detectable pulse, despite the presence of a “perfusing” rhythm, then CPR should be commenced. The proviso to this is that a very careful effort should be made to detect the presence of a pulse first, (at least 45 seconds should be taken to do this)

An unmonitored patient in the field is another issue. If after a very careful examination for a pulse, there is none, then CPR should be commenced. The proviso to this is that further medical assistance will be possible within a reasonable time frame.

In cardiac arrest it should be further noted that the severely hypothermic patient will be resistant to both drug and electrical therapies. If there is no initial response to these then further attempts are unlikely to succeed until rewarming has occurred to at least 32 0 C.
There are well-documented cases of complete recovery from very prolonged hypothermic cardiac arrest, and prolonged resuscitative attempts are warranted in the hypothermic patient.
Disposition
The presence of concomitant trauma or illness will influence disposition for any given case.
Mildly hypothermic patients can be managed as outpatients after a period of emergency department care.
Patients with moderate or severe hypothermia will need admission, and may need admission to an intensive care unit or high dependency unit.

ABDOMINAL TRAUMA
Introduction

Abdominal trauma may be blunt or penetrating.
Unrecognized abdominal (or pelvic) injury is a relatively common cause of preventable death after truncal trauma. 
Early deaths most commonly result from haemorrhage. 
Delayed deaths most commonly result from visceral injury, in particular perforation of a hollow viscus. 
The degree of resuscitation and investigation must be balanced against the clinical picture, as immediate laparotomy for definitive surgical intervention may need to take priority over all else in unstable patients responding poorly to resuscitation. 

Anatomy
The abdomen is partially enclosed by the lower thorax. The abdomen may be defined as the region between the trans-nipple line superiorly, the inguinal ligaments and symphysis pubis inferiorly and the anterior axillary lines laterally.

The flank is the region between the anterior and posterior axillary lines from the sixth intercostal space superiorly to the iliac crests inferiorly.

The back is the region posterior to the posterior axillary lines from the inferior angle of the scapular superiorly to the iliac crests inferiorly.

There are 3 distinct regions of the abdomen:
●
The peritoneal cavity
●
The retroperitoneal space
●
The pelvic cavity. 

The peritoneal cavity:
The peritoneal cavity is often considered in two parts, the upper peritoneal cavity or “thoracoabdominal” peritoneal cavity and the lower peritoneal cavity.

The thoracoabdominal peritoneal cavity contains:

●
Diaphragm
●
Liver 
●
Spleen
●
Stomach
●
Transverse colon
The lower peritoneal cavity contains:
●
Small bowel

●
Parts of ascending and descending colon
●
Sigmoid colon
●
Female internal reproductive organs

The retroperitoneal space:
The retroperitoneal space is a potential space, which lies posterior to the peritoneal lining of the peritoneal cavity.

This space contains the following structures:
●
Abdominal aorta.
●
Inferior vena cava.
●
Duodenum
●
Pancreas
●
Kidneys
●
Ureter
●
Posterior aspects of the ascending and descending colon.

The pelvic cavity:

The pelvic cavity is essentially the lower part of the retroperitoneal and intraperitoneal cavities that lie within the pelvic bones.

This space contains the following structures:

●
Bladder
●
Rectum
●
Iliac vessels
●
Female reproductive organs

Pathology
The major injury groups in abdominal trauma will be:
●
Bleeding from a solid organ.
●
Perforation of a hollow viscus. 

The two types of abdominal trauma are blunt and penetrating.

Blunt abdominal trauma:
Direct crush:
Blunt injury may cause hemorrhage or perforation of a hollow viscus by a direct crushing mechanism.
Shearing:
Shearing injuries are a form of crush injury that may result when a restraint device (lap seat belt or shoulder harness) is worn improperly.
Deceleration:
Deceleration injuries result in differential movement of fixed and non-fixed parts of an organ. 
Examples include lacerations of the liver and spleen, both being movable organs at the sites of their fixed supporting ligaments. In the thorax, aortic injury is another important example.  

Penetrating abdominal trauma:
Low velocity wounds such as stab wounds or low velocity gunshot wounds cause direct damage in the path of the weapon or projectile.
High velocity wounds, such as high velocity gunshot wounds cause additional damage lateral to the pathway of the projectile, due to its higher kinetic energy causing temporary surrounding cavitation.
Gunshot projectiles may also cause additional injury to the direct pathway by ricochet from bony structures and by fragmentation.   

Clinical Assessment
Important points of history:
1.
Mechanism of injury:
●
The mechanism of injury is very important to ascertain. 
●
This is not only for the type of injury that may have occurred but also to raise the index of suspicion for injury in high-energy mechanisms as bleeding from a solid organ or perforation of a hollow viscus in abdominal trauma may be difficult to ascertain from clinical assessment alone. 
 Significant mechanisms include:
●
Blunt injury with high energy force
●
High speed deceleration injuries
●
Any penetrating injury
2.
Any history of drug and/ or alcohol consumption.
3.
Drug (medication) history, in particular warfarin or beta-blockers.
4.
In motor vehicle accidents:
●
Ask also about type of restraint device and wether an air bag was deployed.  
Important points of examination:
1.
Vital signs:
●
The vital signs are extremely important as an indicator of possible serious abdominal injury.
●
In cases of hemorrhage abnormal vital signs may be the only signs initially, as significant amounts of blood may be present in the abdominal cavity without any appreciable change in the appearance or dimensions of the abdomen and without any obvious signs of peritoneal irritation.
2.
Peritonism, (to palpation and percussion):
Injury to the intra-abdominal cavity, (excluding the retroperitoneum) may produce signs and symptoms of peritoneal irritation.
Signs of peritoneal irritation include:
●
Abdominal pain 
●
Abdominal tenderness
●
Abdominal guarding, this may be:
♥
Localized or generalized
♥
Voluntary or involuntary guarding
3.
Retroperitoneal injury:
●
It is vital to appreciate that injuries to the retroperitoneal organs or vasculature are difficult to recognize clinically as this region is remote from physical examination. 
●
Injuries within this region will not initially exhibit the typical signs and symptoms of peritoneal irritation.
●
Additionally this space is not sampled by DPL.
4.
Penetrating and blunt injuries of the lower chest: 
●
Assessment of penetrating or blunt wounds of the lower chest must always include a suspicion of possible intra-abdominal injury. 
●
Any injury from the region of the nipple down to the perineum has the potential for an intra-abdominal injury. This is because the diaphragm can rise to the level of the fourth intercostal space during full inspiration.
●
Fractures of the lower ribs, in particular must raise suspicion for injury to the upper abdominal organs, the liver and spleen. 
5.
Confounding factors in the assessment of the abdomen in trauma:
Important factors will include:
●
Pregnancy
●
Obesity
●
Communication barriers, which may include:
♥
Drug and alcohol effects.
♥
Extremes of age.
♥
Language barriers. 
♥
Psychiatric illness.
♥
Intellectual impairment.
♥
Concomitant brain injury with altered conscious state. 
♥
Patient distress and anxiety
●
Retroperitoneal injury
●
Spinal cord injury to the thoracic or cervical regions.
6.
Bowel sounds:
●
Free intraperitoneal blood or GIT contents may result in an ileus that results in loss of bowel sounds.
●
This finding however is non-specific as it may also be caused by extra-abdominal injuries.
●
Lack of bowel sounds as a sign is most useful when they are initially normal but then change over time.
7.
Local wound exploration of penetrating abdominal injuries:
●
The wound should be examined carefully for evidence of a fascial plane breach, will usually mandate laparotomy.  
Note that physical examination must be a dynamic process. The clinical picture may change with time and repeated examination at intervals will be required. This is particularly important where there have been significant mechanisms of injury.
A single initial normal examination does not necessarily rule out the potential for a serious underlying injury.

Investigations
The extent of investigation of the patient with abdominal trauma will depend on:
●
The index of suspicion for any given pathology.
●
How unstable the patient is.
The threshold to investigate must necessarily be low, even if the patient appears “stable” in cases where 
●
The mechanism is significant
●
There is impaired ability of the patient to communicate, (see list above).

It is important to recognize that very unstable patients will require urgent laparotomy, not extensive investigation, even if a diagnosis has not been made. A balance must exist between the degree of investigation undertaken and the time to definitive surgical intervention. 

Investigations for patients with abdominal trauma may include:
Blood tests:
1.
FBE
●
This is useful for a baseline hemoglobin, however an abnormal initial hemoglobin will not rule out a significant intra-abdominal bleed.
2.
U&Es/ glucose
3.
Lipase
●
This may indicate pancreatic injury.
●
An early normal level however does not rule out a major pancreatic injury.
4.
Blood group and cross-match:
5.
ABGs
●
This may be indicated for an assessment of oxygenation status and acid-base status.
●
Lactic acidosis may be useful for determining the presence of shock when the clinical picture is unclear, or it may be useful for determining the severity of shock, which may be under-appreciated on clinical assessment alone.

Other tests may be done as clinically indicated:
6.
Coagulation profile.
7.
Beta HCG, in women of child bearing age
8.
Blood alcohol level.

ECG:
●
ECG is not essential unless there is some specific cardiac indication for it.
●
Nonetheless, time permitting, it is always a useful investigation, for any unwell patient, particularly in the older age groups where significant cardiovascular co-morbidity will frequently exist.  

Plain radiography:
Trauma series:
The minimal routine trauma series of plain radiographs should include the cervical spine, the chest and the pelvis.  

CXR:
This may in particular demonstrate free gas under the diaphragm, however in many cases a patient will not be able to sit erect in order to obtain an optimally taken radiograph.    

AXR:
This will be of minimal use in abdominal trauma, due to its very low sensitivity and specificity for traumatic injuries.  Retroperitoneal air will indicate a hollow viscus perforation.

FAST Scanning:
FAST scanning is a rapid and readily repeatable test that can be done at the bedside. Its major usefulness lies in its ability to detect intraperitoneal blood. It is however operator dependent.
It is limited in obese patients or where a large degree of bowel gas or subcutaneous exists. 
A negative FAST does not exclude the possibility of significant intra-abdominal injury producing small volumes of fluid.
Diagnostic peritoneal lavage, (DPL):
This test is very sensitive, however is not very specific.
Its major drawbacks are that it is invasive (with the attendant risks of the complications of an invasive procedure) and requires some degree of surgical skill.
It cannot detect retroperitoneal injury. In many centres it has largely been replaced by FAST.
CT Scanning:
Overall this will be the most sensitive and specific investigation and therefore the best investigation.

Diaphragm and bowel injuries however may not be detected. Some pancreatic injuries may not be detected.
A major drawback is the problem of the need for transport to the scanner with the attendant risks involved with relatively unstable patients.
The need for contrast is problematic in patients with allergies to contrast or who have poor renal function.

CT scanning with contrast can be a double (IV and oral) or a triple (IV and oral and rectal) study.

See appendix 1 below for summary of relative advantages and disadvantages of DPL, FAST and CT scanning, in cases of abdominal trauma
Arteriography
On occasions arteriograms or CT angiograms may be required to delineate a source of bleeding, particularly within the retro-peritoneal space.

Management
1.
Immediate priorities will include airway and ventilation problems as for any multitrauma.
2.
Fluid resuscitation:
●
IV resuscitation should commence immediately when indicated, (see Hemorrhagic shock guidelines). 
3.
Establish monitoring:
●
Pulse oximetry
●
Continuous ECG monitoring
●
Blood pressure, (non-invasive or invasive)

Further measures as clinical scenario dictates:
●
Urinary catheter:
♥
This is useful to monitor urinary output and to detect any bleeding from the urinary tract. 
♥
It is contra-indicated in cases where there is frank meatal bleeding.
●
Central venous pressure.
4.
Analgesia:
●
IV opioid analgesia should be given titrated to clinical effect as required
●
Adequate analgesia should never be withheld in the mistaken belief that it will “mask” clinical findings of an abdominal examination.
●
Narcotics may reduce the patient’s symptoms and only somewhat reduce the signs but will not alter their localization.
5.
Nasogastric tube:

This is useful for:
●
Treating acute gastric dilation.
●
Decompressing the stomach and so reducing the risk of aspiration, (and prior to a DPL).
●
Detecting GIT bleeding
It is contra-indicated in cases of suspected facial bone fracture or base of skull fracture. 
6.
Antibiotics:
●
If GIT perforation is suspected, then IV antibiotics should be commenced.
7.
Tetanus immunoprophylaxis:
●
Give this as clinically indicated in penetrating injuries.

8.
Surgical intervention:
Surgical consultation must always occur early for any patient with a significant abdominal trauma.
Indications for Laparotomy include:
●
Hemodynamic instability:
♥
In particular where there is minimal or no response to initial fluid resuscitation 
●
Penetrating wounds that breach the fascial plane.
♥
All gunshot wounds
♥
Most stab wounds
●
Persisting signs of peritoneal irritation, peritonitis.

●
Positive DPL/ FAST/CT scan findings.
●
Free retroperitoneal air detected on CXR or CT scan.
9.
Arterial embolization:
●
Occasionally arterial embolization techniques will be required to control bleeding points that are mot readily accessed by surgical intervention.

Disposition:

Note that normal initial examination and investigation findings do not necessarily rule out the possibility of a serious underlying injury when there has been a significant mechanism of injury. 

A period of careful observation in hospital will usually be warranted, to monitor for any changes in the clinical status of the patient, before they can be safely discharged.

Appendix 1

Relative advantages and disadvantages of DPL, FAST and CT scanning, in cases of abdominal trauma:
	
	DPL
	FAST
	CT Scan

	Advantages
	●Rapid diagnosis.

●Very sensitive, (98%).

●May detect bowel injury.

●Can be done at bedside


	● Rapid diagnosis

●Non-invasive

●Readily repeatable 

●Can be done at bedside
	●The most specific investigation.

●Very sensitive, (up to 98%)



	Disadvantages


	●Invasive

●Requires some surgical skill

●Low specificity

●Misses injury to diaphragm and the retroperitoneum. 


	●Operator dependent

●Bowel gas and subcutaneous air distortion

●Misses diaphragm, bowel, and solid organ injuries.  


	●Time taken to do the scan

●Transport required, with attendant risks involved with unstable patients

●Misses diaphragm, bowel, some pancreatic injuries.

●May require contrast material, (problematic if renal failure or allergies).




HEMORRHAGIC SHOCK
Introduction

Hemorrhagic shock is a type of hypovolemic shock that occurs due to blood loss that results in inadequate organ perfusion and tissue oxygenation.

Hemorrhagic shock is a medical emergency and must be recognized early to avoid significant morbidity and mortality.

For the purposes of clinical assessment hemorrhagic shock may be divided into four classes of degree. These classes may be used as a guide to initial management.
Treatment consists of early fluid and blood product administration and urgent control of any ongoing hemorrhage.  

The degree of monitoring and investigation undertaken must be tempered according to the clinical status of the patient and the urgency for which definitive management is required.
Volume resuscitation, whilst extremely important must never be allowed to significantly delay the more definitive measures of treatment.

Pathophysiology
Hemorrhage is defined as an acute loss of circulating blood volume. 

The normal circulating blood volume:
Although there is wide variation, in general terms the blood volume is:

Adults:
7 % of body weight, (a 70 kg male has a circulating blood volume of approximately 5 litres).
Children:
8-9 % of body weight, OR 80-90 ml/kg.
Causes of hypovolemia:
The causes of hypovolemic shock can be thought of as those due to fluid (or plasma) loss, which may be external or internal, or those due to blood loss, which may also be external or internal.
1.
Fluid/plasma:

External:

●
GIT, Urinary, Skin

Internal:

●
GIT sequestration: Pancreatitis, pseudocysts, ileus, peritonitis.
2.
Blood, (hemorrhage):

External:

●
Blood loss that can be observed from external wounds.

Internal:
●
Blood loss that is concealed: GIT, chest, abdomen, bony fractures, retroperitoneum and urinary tract.

Differential Diagnosis of shock:
Hemorrhagic shock must be distinguished from other forms of shock, which may co-exist.
There are 6 forms of shock:
1.
Hypovolemic.
2.
Cardiogenic.
3.
Anaphylactic.
4.
Septic
5.
Neurogenic

●
Spinal injury

●
Drug induced 
6.
Addisonian, (a combination of neurogenic shock and fluid loss)

Pre-existing dehydration (hypovolemia) may contribute to the clinical picture. 

Cardiogenic shock may co-exist (in the form of myocardial contusion, tension pneumothorax or cardiac tamponade).
Septic shock may co-exist in cases of late presentations.  Neurogenic shock may co-exist exist in cases of high level spinal cord injuries.
Anaphylactic shock may occur due to iatrogenic causes with the administration of drugs to which the patient has a severe allergy to.
Patients with Addison’s or suppressed adrenal glands from any cause will respond poorly to attempts at resuscitation, unless corticosteroids are given.   

Clinical Assessment
The degree of volume loss may be classified into 4 classes.  The patient’s acute clinical signs can be correlated with theses classes, as follows:

Classification of hemorrhagic shock: 
The following classification is a clinical guide only, as a range of variables may also affect individual parameters.
Confounding variables may include:
1.
Age.
2.
Co-morbidities 
3.
Medications
●
In particular, warfarin or beta-blockers.
4.
Injury severity:
●
This may include both the type and its anatomic location.
5.
Time lapsed between injury and the initiation of treatment.
6.
Pre-hospital treatment already given.

	Clinical Parameter


	Class I
	Class II
	Class III
	Class IV

	Blood loss (mls)


	< 750 mls
	750-1500 mls
	1500-2000 mls
	> 2000 mls



	% Blood volume


	< 15 %
	15-30 %
	30-40 %
	> 40 %

	Pulse rate


	< 100
	100-120
	120-140
	> 140

	Pulse pressure


	Normal or ↑
	↓
	↓
	↓ 



	Blood Pressure

SP

DP


	Normal

Normal

May get postural drop.

 
	Normal

↑

Reduced PP overall
	↓

↓
	Very low, or unrecordable

	Peripheral perfusion

Capillary return

Extremities colour


	Normal

(< 2 seconds)

Normal
	Slow

(> 2 seconds)

Pale
	Slow

(> 2 seconds)

Pale


	Undetectable.

Ashen

	Respiratory rate


	Normal (14-20)


	20-30
	30-35
	> 35

	Urine flow (mls/min)


	> 30
	20-30
	10-20
	0-10



	Conscious state


	Normal or mild anxiety
	Moderate anxiety
	Moderate to severe anxiety/ confused


	Confused/ depressed conscious state.




Investigations
The extent and need for investigation will be based on: 
●
How shocked or unwell the patient is.
And
●
The need to localize the source of the bleeding.

The degree of imaging that is undertaken must be tempered by how unwell the patient is. It may be necessary to forego lengthy investigations and proceed directly to the operating theatre for exploratory laparotomy/ thoracotomy or wound exploration, when a patient is particularly unstable and not responding to resuscitation attempts.     

When considering the possible source of concealed blood loss the following list should be remembered:

●
Chest

●
Abdominal cavity
●
Retroperitoneum
●
Multiple fractures, (in particular, pelvis and femur)

And to a lesser degree:
●
Urinary tract
●
GIT, (ie bleeding into this).

The following investigations may need to be considered:
Blood tests:
1.
FBE:
●
An initial hemoglobin should be requested,(this will primarily act as a baseline observation).
●
Note that initially the hemoglobin may not appear compromised in acute blood loss. Even when massive this level may be only minimally impaired initially.
●
It will fall with ongoing blood loss and/ or large amounts of crystalloid replacement without packed red blood cell replacement.
●
The monitoring of the hemoglobin therefore must be a dynamic process. 

This dynamic monitoring is useful not only for determining ongoing blood loss but also for determining the response to treatment.

An initial normal hemoglobin does not exclude significant blood loss. It is unreliable for estimating acute blood loss and is therefore inappropriate for diagnosing hemorrhagic shock.   
2.
U&Es/ glucose.
3.
Blood group and cross-match:
●
This is done according to the urgency of the case.

Others are done as clinically indicated and may include:
4.
Coagulation profile.
5.
Cardiac enzymes.
6.
ABGs/ lactate level:
●
Lactic acidosis. 
This may be useful for determining the presence of shock when the clinical picture is unclear, or it may be useful for determining the severity of shock, which may be under-appreciated on clinical assessment alone.

ECG:
This should not delay more important measures, however is useful for documenting:
●
Previous ischemic heart disease.
●
New cardiac ischemia

Plain Radiography:
AXR
Indirect clues of fluid collections may occasionally be gained in certain situations:
●
Loss of the psoas shadow, this sign is fairly non-specific and non-sensitive however and should always be interpreted in the light of the clinical setting.
●
Bowel displacement may be seen on occasions with larger amounts of intra-abdominal fluid, again this sign is non-specific and non sensitive.

CXR
Large hemothorax / effusions, (acute hemorrhage into the pleural space may result in hypotension, effusions usually do not)
On a supine CXR:
●
Hemothorax / effusion may not be readily apparent. The only clue 
may be a diffuse haziness of the involved hemithorax when compared to the normal side.
On an erect CXR:
●
A much better appreciation of fluid within the hemithorax can be achieved with an erect CXR

Trauma Series
●
The minimum series in major traumas includes pelvis, chest and cervical spine.
●
The pelvis and femur are the most likely bony sources of significant blood loss.

FAST scanning:
Focused assessment sonography in trauma (FAST) scan is an invaluable bedside investigation in the setting of traumatic hemorrhagic shock. It has largely replaced DPL for the detection of intra-abdominal free fluid.

Diagnostic peritoneal lavage, (DPL):
This technique is useful, for those skilled in it use when FAST scanning is unavailable.

CT scanning:
CT scanning, including CT angiography is the most specific and sensitive method of imaging, when trying to locate a source of hemorrhage. 

This is the best imaging modality for determining the sight of blood loss in trauma cases, but will not always be appropriate when patients are very unstable, where immediate theatre may be more appropriate 

It can readily detect blood loss within:

●
Chest
●
Abdomen

●
Complex pelvic fractures
●
Retroperitoneal compartment
Management
1.
ABC:
●
Airway and breathing/ ventilation management will as always be the initial priorities.  
●
IV access and take blood tests.
2.
Trendelenburg position: 
●
A useful first aid measure is the Trendelenburg position, (head down and legs elevated), to increase venous return and hence cardiac output.
3.
Control obvious external haemorrhaging:
●
This should primarily be with sterile saline moistened combines compressed directly over the wound with firmly bound crepe bandages.
●
Tourniquets may be used for initial control of severe limb bleeding and to allow for initial wound assessment, but should not be left on for prolonged periods as this will lead to ischemia and rhabdomyolysis. Although tourniquet use is somewhat controversial, it should be noted that in severe hemorrhage, not controlled by direct pressure its use can be life-saving. It must occlude arterial inflow as occluding the venous system only may increase the degree of hemorrhage. If a tourniquet is required to be left on for a prolonged period it must be recognized that a choice of life over limb has been made.
4.
 Establish monitoring: 
All patients should have:
●
Pulse oximetry.
This may however be unreliable where there is significant impairment to a patient’s peripheral perfusion. 
●
Continuous ECG monitoring
●
Continuous blood pressure monitoring. Initially this may be by non-invasive means. 
Invasive arterial line blood pressure is desirable in more severe cases, but should not delay any more urgent investigations or treatments. 

In some cases, (but again these should not delay more urgent investigations or treatments), the following may also be useful:

●
Urinary catheter.

●
A central venous line.
5.
Vascular access:

Peripheral IV access:
Poiseuille’s law states that the rate of flow through a tube is directly proportional to the fourth power of the radius and inversely proportional to the length. Therefore the ideal peripheral cannula for the infusion of large volumes of fluid should be short and large calibre.   A short wide bore catheter of 16 gauge or more is best, however this may not always be possible and some access is always better than no access. Two catheters should be placed. The biggest most available vein in the upper limb is preferred, most commonly this will be the cubital fossa veins. (A lower limb vein however is better than no vein at all).
IV fluid lines should always be connected to a hand-pump giving device, so that fluids or blood can be pumped through more quickly if necessary. 
Specialized rapid infusion devices may also be used to assist the rapid delivery of fluids and blood.

Difficult IV access:

Cases where IV access if difficult or impossible will require either central access, surgical access or osseous access.

Central access:
●
Options will include internal jugular, subclavian or femoral. Femoral lines have a number of advantages in that they are less invasive, easier and quicker to place and have fewer complications.
Surgical cut-downs:
●
This may be an option for those skilled in this procedure, but a central line is generally a better and much quicker option.
Intra-osseous access:
●
Specific kits for these are now widely available. This type of access is more commonly used in paediatric age groups.
6.
Volume resuscitation:
The aim of volume resuscitation is to restore organ perfusion and optimize tissue oxygenation.
Volume replacement will be guided by:
●
The initial hemorrhage classification
And

●
The patient’s response to initial therapy.

Note that fluid resuscitation must be initiated at the earliest signs and symptoms of blood loss or at the earliest suspicion of these, and not when the blood pressure is falling or absent.  

Systolic pressure may not fall until as much as 30 % of blood volume is lost, and so is a late sign of hemorrhage.

Any injured patient that has a tachycardia and poor peripheral perfusion should be considered to be in hemorrhagic shock until proven otherwise. 

In general terms:
Class 1 hemorrhage:
●
Will not require fluid resuscitation.
●
This is generally the equivalent to the donation of a unit of blood.
Class II hemorrhage:
●
Will require crystalloid resuscitation.
Class III hemorrhage:
●
Will require crystalloid administration and a blood transfusion
Class IV hemorrhage:
●
Will require immediate crystalloid and blood transfusion as this degree of blood loss is immediately life-threatening.
●
This will often also require the additional blood products of platelets and fresh frozen plasma.

Initiating volume resuscitation: 
●
One to two liters for adults and 20 mls/ kg for children of crystalloid is a usual starting point.

●
A systolic pressure of at least 90 mm Hg is desirable. In cases of blood loss, blood pressures above this are not necessary and may be detrimental because if blood pressure is raised rapidly before hemorrhage has been definitively controlled, increased bleeding may result.
●
Colloid solutions have shown no clear benefit over crystalloid solutions, so given the potential complications of colloid, such as allergic reactions, volume overload and acute lung injury, crystalloids are the currently preferred resuscitation fluid. 

●
Note that for those patients who require rapid administration of large volumes of fluid in the setting of blood loss, a rapid infusion device may be used. 
●
Ongoing fluid requirements should be titrated according to clinical parameters such as pulse, blood pressure, urine output and peripheral perfusion, CVC pressures and hemoglobin levels.

The 3:1 rule:
Administered crystalloid solutions, (normal saline or Hartmann’s solution), are generally distributed as 1/3 within the vascular compartment and 2/3 within the extravascular compartment.  From this fact stems the useful 3:1 “rule of thumb”  
As a general rule, 3 mls of crystalloid will be required for every 1 ml loss of blood in order to replace the intravascular volume.
As an example:
For a 30 % loss of blood (class III hemorrhage) in a 70 kg person.
= 70 kg x 7 % blood volume = 4900 mls total blood volume.
= 4900 mls x 30 % = 1470 mls blood loss.
Therefore 3 x 1470 mls = 4410 mls of crystalloid will be required, (roughly 4.4 liters).  

Note that persistent attempts to achieve a normal blood pressure are not a substitute for the control of bleeding. Hence fluid resuscitation should never unduly delay time to definitive measures such as surgery. 
7.
Avoidance of hypothermia:
Hypothermia is a potential hazard in the multitrauma patient due to the need for complete undressing for full assessment and the administration of large volumes of cool fluids.
Hypothermia may be avoided by:
●
Passive re-warming with blankets after full assessment has occurred.
●
The use of IV fluid/ blood warmers.
Crystalloids, (but not blood products) may be pre-warmed in microwave ovens, to a temperature of around 39 degrees.  
8.
Blood product administration:
Blood:
The aim of blood transfusion is to restore the oxygen carrying capacity of the blood, (as opposed to volume restoration that is the role of crystalloid solutions).
Fully cross matched blood is the best option, however in urgent cases this will not be possible.

The type of blood given will depend on the urgency of the clinical situation.
Options will include:
●
O negative, (immediate, for women of child bearing age)
●
O positive, (immediate)
●
Type specific (this is ABO and Rh matched), (within 10 minutes)
Incompatibilities with other antibodies may exist with this blood however.
●
Fully cross matched, (within 60 minutes)
Platelets and fresh frozen plasma:
These will be needed in cases of blood loss when there is 
●
Coagulopathy on laboratory parameters, (this may include patients or pre-existing thrombocytopenia). 
●
Associated liver disease.
●
Class IV hemorrhage, where early administration should be considered.

●
There has been a requirement for “massive” transfusion:

Massive transfusion may be arbitrarily defined as: 

Massive transfusion in adults, is replacement of >1 blood volume in 24 hours or >50% of blood volume in 4 hours (adult blood volume is approximately 70 ml/kg).
In children as transfusion of >40 ml/kg (blood volume in children over 1 month old is approximately 80 ml/kg).

In a 70 kg man total blood volume is approximately 5 litres. Therefore “massive” blood loss will be 2.5 litres. Packed cells are ( 300 mls. Therefore a massive transfusion in this scenario would constitute approximately 8 units. In practice however non-RBC blood products (Platelets and fresh frozen plasma) are usually given when 5 units of packed red blood cells are required.  


As a guide use the 1:1:1 “unit rule”, or 4:4:1 “bag rule”
(A unit is the number of donors, while a bag is the total amount of pooled blood product that is packaged from one or more donor). 

♥
For every 4 units of blood (or more than 40 mL/kg in a child), 
(note there is one unit to one bag)


Give: 
♥
Fresh frozen plasma 4 units (each unit approximately 300 mL) 
or 10 to 20 mL/kg IV, (note there is one unit to one bag).


Plus
♥
Platelets 1 pooled “bag” of platelets, (which is 4 “units” of 
platelets). 
♥
Cryoprecipitate should also be given if fibrinogen levels are 
low (less than 1 g/L) when measured.
This principally contains fibrinogen, F8, F13, VMF, & fibronectin. It comes in bags of 1 unit of volume about 30-40 mls.



The usual dose is 5-10 units (bags).

●
Note that platelets are stored at room temperature and are immediately 
available while FFP units and cryoprecipitate are frozen may take up to 
30 minutes to thaw.
9.
Assess the response to treatment:
After the initial fluid bolus, (2 litres in adults and 20 ml/ kg in children) the patient’s response should be assessed, (according to the parameters listed above in the classification of the severity of hemorrhage). 

Response to initial fluid resuscitation can be:
 ●
Immediate
●
Transient
●
Minimal or none.
Lack of response to fluid therapy may indicate:
●
Ongoing blood loss
●
Inadequate fluid administration
●
Unrecognized co-morbidity, including other co-existing forms of shock

Actions needed in these groups may be summarized as follows:

	Parameter and action required


	Rapid Response
	Transient response
	Minimal or no response



	Vital signs


	Normalize
	Transient improvement only


	Remain abnormal

	Estimated blood loss


	Minimal (10-20%)
	Moderate and ongoing, (20-40%)
	Severe (>40%)

	Need for more crystalloid


	Low 
	High
	High

	Need for blood


	Low 
	Moderate/ high
	Immediate

	Blood preparation


	Type & cross matched 


	Type specific
	O negative

	Need for operative intervention


	Possibly 
	Likely 
	Highly likely

	Early surgical referral


	Yes
	Yes
	Yes


10.
Adjunctive agents:

Tranexamic acid:
●
Loading dose 1000 mg IV over 10 minutes
Followed by:
●
1 gram, (ie 1000 mg) infusion over 8 hours.

Recombinant Factor 7a (“Novoseven”):
If there is ongoing bleeding despite surgical attempt to control bleeding, and appropriate blood product replacement (as reflected by FBE, PT/INR and APTT), there may be a role for recombinant Factor 7a. 
Its benefit is also partly dependent on normal temperature, acid-base balance and correction of hypocalcemia and attempts should be made to correct these disturbances. 
This drug is unproven, expensive and does not currently have marketing approval for the general treatment of coagulopathy, but there is anecdotal evidence of significant benefit in patients with life-threatening microvascular bleeding despite surgical haemostasis and adequate plasma product and platelet support. 
Indication for its use should be confirmed with consultant medical staff, such as the specialist Anaesthetist and /or Intensivist or Haematologist.
Desmopressin (DDAVP):
Usual IV dose is 20 micrograms in 100 mL normal saline over 30 minutes (based on 0.3 micrograms/kg). 
DDAVP may improve coagulation function via endothelial release of factor 8 / vWF, and possibly through improved platelet function. 
It may be of particular benefit in patients with uraemia / dialysis dependent and in patients with other platelet dysfunction, including von Willebrand’s disease but its wider role is uncertain. 
Tachyphylaxis occurs rapidly with repeat doses and potential side effects include hyponatremia and fluid retention. 

Prothrombinex-VF: 
This is not recommended currently in massive transfusion unless there is concomitant warfarin related over-anticoagulation. 
This prothrombin complex concentrate (PCC) contains only Factors 2, 9, 10 and small amounts of unfractionated heparin (UFH) and antithrombin. 
Its use in trauma and other massive transfusion scenarios is currently considered investigational only.
11.
Definitive surgical intervention:
The primary focus of treating hemorrhagic shock is to quickly identify and stop hemorrhage as soon as possible. 

Time to definitive surgical intervention will be a critical factor in outcome 
and this should never be excessively delayed due to ongoing attempts at fluid resuscitation.   
12.
Radiological intervention:
Angiographic embolization techniques may be used when surgical access is difficult or impossible.  

CHEST PAIN

Introduction

Chest pain is an extremely common presentation to Emergency Departments. Underlying pathology can range from the trivial to the life threatening.

As the symptom is extremely non-specific, there is an extensive range of differential diagnoses.

Textbooks give great credence to the nature of the pain, especially on the division between that of a pleuritic nature or that of a visceral nature. This division has some use, when clear communication is possible; however in real life this is frequently not possible. 

Furthermore, although certain elements of chest pain history are associated with increased or decreased likelihoods of diagnosis of acute coronary syndrome (ACS), none of them alone or in combination can reliably identify a group of patients that can be safely discharged without further diagnostic testing. 

In these situations risk stratification becomes additionally important, and when the characterization of the chest pain is not possible, then the patient’s risk profile for any given condition becomes the assessment priority.

Management will of course depend on the underlying pathology. In many cases however a definitive diagnosis will not be possible, at an initial ED presentation. The task in these cases will be to rule out life threatening causes of chest pain. Short admissions, often into an SSU, will frequently be necessary in order to ensure all appropriate investigations are done as well as in some cases to provide a period of observation.

Pathology
There is an extensive list of conditions that lead to chest pain presentations to the ED. The following list is not exhaustive, but the important groups of considerations should include:
1.
Cardiovascular conditions:
●
Acute Coronary Syndromes, (ACS):

This pain is usually visceral in nature. 

♥
STEMI

♥
NSTEACS
●
Pericarditis: 
♥
This pain is usually somatic (or “pleuritic”) in nature.
●
Myocarditis:
♥
This pain may be either pleuritic or visceral in nature
●
Dissecting aortic aneurysm:
♥
In descriptive terms, pain is often ill defined, and can range from 
mild to severe.
♥
Back pain is characteristic, however this is not invariable, and the 
pain of aortic dissection can be experienced in the anterior chest or 
neck.
2.
Pulmonary conditions:

●
Pulmonary embolism, (PE):

♥
This pain is usually pleuritic (“sharp”) in nature

●
Pneumothorax:

♥
This pain is usually pleuritic in nature

●
Pneumonia:
♥
This pain may be visceral in nature or pleuritic if there is 
involvement of the parietal pleura, (i.e. “pleurisy”).

●
Malignancy:
♥
This pain may be visceral in nature or pleuritic if there is 
involvement of the parietal pleura.
3.
Gastrointestinal conditions:

●
GORD:
♥
Reliance should not be placed on the traditional description of 
“burning” (implying acidic), as this term if frequently also used by 
the lay public for cardiac pain.
●
Peptic ulcer disease:
♥
This is usually well located to the epigastrium, but patients may on 
occasions attribute the symptoms to “chest” pain
●
Oesophageal spasm:
♥
This pain can be very similar to anginal pain.

●
Oesophageal rupture/ perforation.
4.
Musculoskeletal conditions:
●
Sharp pain made worse with muscular movements.

Causes can include:
●
Muscular strains
●
Rib or vertebral or sternal lesions, (malignant invasion, multiple myeloma, 
or rarely osteomyelitis)
5.
Neuropathic conditions:
●
Herpes Zoster (Shingles):

♥
The pain of this condition may occur before the onset of the typical 

herpetic rash. Diagnosis is problematic until the rash appears.
●
Neuroma, (very rare)
6.
Trauma:
●
This cause is self-evident, however in a patient with communication 
difficulties, (intellectual impairment, low intelligence, drug or alcohol 
affected, psychiatric illness, language and/ or cultural barriers, antisocial 
personality disorders 
and the like), a clear history of trauma may not be 
forthcoming, and so in these kinds of patients the possibility of trauma 
(unstated or unrecognized) should always be kept in mind!
7.
Rheumatological:
●
Pleura serositis 

●
Rheumatic or degenerative osteoarthritis, (radiated pain from the thoracic 

spine). 
●
Costochondritis
8.
Neurosurgical/orthopaedic:

●
Radiculopathy, (rare)
9.
Psychogenic:
●
Chest pain (usually pleuritic in nature) is a not uncommon association of 
cases of anxiety induced hyperventilation 
Clinical assessment
The following include general considerations for patients who present with chest pain to the ED.

Important points of history
1.
Nature of the pain:
●
Textbooks traditionally divide chest pain into “sharp” (or pleuritic or 
somatic) type pain and “dull” (or “crushing” diffuse, ill localized visceral) 
type pain.
Great importance is placed on the second variety in view of its association with cardiac pain. Non - “cardiac” pain is often referred to as “atypical” pain. This label is informally applied in the sense of not being typical of cardiac pain. This is entirely reasonable as cardiac conditions have high potential for mortality.

In real life, however patients frequently do not present in textbook fashion. Not infrequently there will be significant communication barriers, (such as those listed above). Additionally patients may perceive pain in different ways, or express the sensation in unusual or unfamiliar terms.  

Furthermore, although certain elements of chest pain history are associated with increased or decreased likelihoods of diagnosis of ACS, none of them alone or in combination can reliably identify a group of patients that can be safely discharged without further diagnostic testing. 1 
●
Where uncertainty exists about the nature of a patient's pain, it will 
be the risk profile a patient has for any given condition that will become additionally important.

●
To further complicate matters, an ACS may also occur in some diabetics 
without any significant pain!
2.
Onset of pain:
●
Documentation of the exact time of onset of pain is important in cases of 
suspected ACS, as this point is used to judge the timing of subsequent 
troponin testing. 
3.
Associated symptoms:

Symptoms that are associated with the chest pain are helpful in determining the 
cause of the chest pain
It is important to keep in mind however that more than one condition may co-exist! A patient with GORD can also have an acute coronary syndrome, 
●
Cardiac pain is “classically” associated with the following: crushing 
retrosternal, diffuse and poorly localized, radiating to neck, arms or back, 
nausea and vomiting, 
sweating and looking slate grey. On the other hand 
an ACS syndrome may present without any of these associated features. 
●
Significant dyspnoea and chest pain suggests pulmonary embolism or 
chest infection.
●
Severe chest pain which is primarily localized to the back is suggestive of 
aortic dissection, although this does not rule out the possibility of other 
serious chest conditions. 
●
Acid reflux back into the mouth indicates probable GORD.
4.
Risk profiles:

Important risk profile considerations with respect to chest pain presentations will 
include the following:
ACS:
●
Enquire about the well defined risk factors for CVS disease, 
(hypertension, diabetes, smoking, cholesterol, family history).
●
Check for any previous cardiac investigations such as ECGs, coronary 
angiography, thallium scans, exercise stress tests, echocardiographic stress 
tests.
●
Patients being assessed for ACS can be risk stratified into three groups, 
low, intermediate and high risk.
Pulmonary embolism:
●
Enquire about the well known risk factors for PE.
●
Risk stratification using the d-dimer and the Well’s Score can be applied, 
into order to assist in the decision not to do an imaging examination for  PE, 

Pericarditis:

●
Patients may have a previous history of this or of a recent viral illness
Dissecting aneurysm:
●
Risk factors include, family history, peripheral vascular disease, 
hypertension, known thoracic aneurysm, connective tissue diseases and 
pregnancy.  

Important points of examination
Examination will usually not be as helpful as the history in the assessment of patients who present with chest pain.

Examination on the other hand will be more useful in establishing how immediately unwell a patient is - even if the diagnosis is not initially clear. 
1.
Vital signs:

●
Pulse rate:
♥
A persistent unexplained tachycardia is a significant indictor of 
possible underlying pathology.
♥
A persistent unexplained bradycardia is also a significant finding and may indicate an underlying cardiac problem.

●
Respiratory rate: 
♥
This is an often neglected sign, but a persistent tachypnoea is a good indicator of significant underlying pathology,

●
Blood pressure:
♥
Blood pressure differential between arms is a much quoted sign of 
aortic dissection. It is an uncommon sign however, and its absence does not rule out the condition.
 
●
Temperature:
♥
Fever suggests an infective process; however minor degrees can 
also be seen in pulmonary embolism.

●
SaO2: 
♥
This should be routinely checked in all patients who present to the 
ED with chest pain.
2.
Cardiac murmurs:
●
Although, rare an acute onset aortic incompetence murmur is suggestive of a Stanford type A aortic dissection. Bacterial endocarditis will also need to be considered. 

●
Mitral valve prolapse can be a cause of “atypical” chest pain.
3.
Lung auscultation:
●
Check for wheeze, crackles, reduced or absent breath sounds.
4.
Abdominal examination:
●
Check for epigastric tenderness/ guarding which may indicate an abdominal condition.
●
Note however that mild epigastric tenderness, especially in an anxious patient may not necessarily rule out a serious chest condition such as ACS. The degree of importance of the abdominal findings will relate to how clear cut the examination findings appear, as well as the experience of the examining clinician! 
Investigations
Investigation relevant to chest pain presentations include:
Blood tests
Depending on the nature of the presentation the following should be considered:
1.
FBE:
●
An elevated WCC is not specifically diagnostic, but may indicate that the 
patient has an undying pathology and so, may lower the threshold for ongoing investigation and/ or admission for observation until a cause is 
found.
2.
CRP:
●
Similarly an elevated CRP is not specifically diagnostic, but may also indicate that the patient has an undying pathology and so, may lower the threshold for ongoing investigation and/ or admission for observation until a cause is found. 
3.
U&Es/ glucose
4.
Troponin:
●
This is elevated in STEMI/Non-STEMI, but may also be elevated in myocarditis and to small degrees in massive and massive pulmonary embolism.
5.
D-dimers:
●
This can be quite non specific, and so should not be ordered indiscriminately. It will be of most use when considering a diagnosis of PE in low-moderate risk patients when there are no other apparent causes present for its elevation. 

For upper abdominal conditions:
6.
Lipase
7.
LFTs

ECG
Epigastric “abdominal” pain is not uncommonly presentation of myocardial ischemia, especially inferior myocardial ischemia.

Although an ECG is not generally considered a routine investigation for abdominal pain, the threshold for doing one should be low, in cases where there is significant diagnostic uncertainty, or there are significant risk factors for ischemic heart disease.

CXR
Look specifically for:
●
Pneumothorax. This may be small so close inspection is necessary in all cases 
when the chest pain is pleuritic in nature. 
●
Pneumonia 
●
Possible malignant mass lesions, or rib invasion, (multiple myeloma).
●
Mediastinal air, (ruptured/ perforated oesophagus)
●
An abnormally wide mediastinum may suggest aortic aneurysm and/ or 
dissection. A normal CXR does not rule out a dissecting aneurysm however.
●
Wedge shaped pulmonary infarcts
Ventilation-Perfusion Scan (V/Q scan)
This is done for patients in whom pulmonary embolism is in the differential diagnosis.

CT Scan
CT angiograms are the best initial modality for the detection of dissecting aortic aneurysm, (TOE is an alternative)

CT pulmonary angiogram is an alternative to V/Q scanning for the diagnosis of PE. It has a number of advantages over V/Q scans including its ability to detect other chest pathology. If the scan cuts below the lung bases, it can also diagnose abdominal disorders that may cause radiated chest pain, such as cholecystitis or pancreatitis.  
In some situations when diagnosis is less certain, a “Triple Rule Out CT Scan”, may be possible. This is a CT imaging technique that attempts to image the coronary arteries, pulmonary arteries and the aorta in the one examination. In this way a “Triple Rule Out”, can be achieved for 3 of the most important causes of chest pain, ACS, PE and dissecting thoracic aortic aneurysm.

Most current technologies require different imaging techniques for the 3 conditions, and so to rule out these 3 conditions in the one scan would represent a significant advance in diagnostic capability.

The  “Triple Rule Out ” technique however requires:
●
High end CT scanners (64 level slice or above)
●
Use of specialized techniques such as ECG gating and multiphase injection 
protocols.
●
Large radiation dosages.
●
Experienced radiologists for image interpretation.

As such this capability is not currently widely available in Emergency Departments.

The advent of 256 slice scanners, multi-source scanners, radiation reduction protocols and new computerized programs could however rapidly change the odds in favour of triple rule out scans in the future.
Coronary angiography
This is indicated urgently in cases of STEMI, and in some cases of NSTEACS.

Management
Management will of course depend on the underlying condition - when this is known.

In cases of diagnostic uncertainty, patients need to be assessed carefully for risk factors for the possible causes of life-threatening conditions.

Convenient labels of “musculoskeletal/ viral/ pleurisy/ costochondritis” are best avoided unless there are clear cut clinical features to support these diagnoses. Sometimes no diagnosis is possible on first presentations. A diagnosis of “chest pain of unknown cause” is preferable to a made up one, even if the patient is unhappy with this!  

In these situations the task of the ED will not be to establish a definitive diagnosis, but rather to rule out the causes of chest pain which are potentially fatal and require urgent/ timely intervention.

A short period of observation in the ED and/ or admission to a Short Stay Unit may be required in order to rule out potentially life threatening conditions.

More than one possible diagnosis may need to be excluded.
NON S-T SEGMENT ELEVATION ACUTE CORONARY SYNDROME

Introduction

All patients who present with a suspected acute coronary syndrome must be assessed in the ED on an urgent (category 2) basis and have an ECG performed as soon as possible. 

Terminology

                                                                 ACS
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                                                         NON-STEMI              UNSTABLE ANGINA

ACS (Acute Coronary Syndrome)
●
Acute coronary syndrome is an all encompassing term that refers to ischemic chest 
pain.
STEMI (S-T Segment Elevation Myocardial Infarction)
●
STEMI is defined as presentation with clinical symptoms consistent with an acute 
coronary syndrome together with S-T segment elevation on ECG 
●
New LBBB may be included in this sub-heading as the treatment approach is similar to 
STEMI.
NSTEACS (non S-T Segment elevation acute coronary syndrome)
●
NSTEACS refers to any acute coronary syndrome which does not show S-T segment 
elevation.
●
The ECG may show S-T segment depression or transient S-T segment elevation, but 
often will be normal

Non-STEMI (Non S-T Segment Elevation Myocardial Infarction)
●
By definition this will be shown by an elevation of serum troponin and CK levels in the 
absence of S-T segment elevation.
●
Note that minor elevations of troponin may occur without a concomitant elevation of 
CK (or CKMB) levels. About a third of patients with elevated troponin, but normal CK 
and CK-MB levels, will develop an adverse outcome. This scenario is sometimes 
referred to as “minor myocardial damage” in distinction to a “true” non-STEMI which 
shows elevation of both markers.

Unstable Angina
●
Unstable angina is ischemic chest pain over and above the patient’s usual pattern and where the ECG remains normal, (apart from transient changes which then return to normal) and cardiac markers (CK and troponin) are not elevated. It is diagnosed therefore on clinical on grounds.
●
Note that “unstable angina” is measured against a patient’s usual pattern of “stable 
angina” which is most commonly classified according to the New York Heart 
Association’s 
Functional Classification of Angina, (see appendix 1 below).
Clinical Features

After an initial history and examination and ECG, an estimate of the patient’s risk profile should be made.

Important points of history
1.
Ask about the nature of the pain to establish that the symptoms are typical of ACS
●
This however will on many occasions be difficult in distressed, anxious, elderly and non-English speaking patients or in any patient in whom clear 
communication is difficult. Real life unfortunately rarely follows “the textbook” in this regard. In cases where communication is difficult the patient’s risk 
profile becomes, in relative terms, a far greater factor for consideration than the 
description of the pain.
●
Ask about the onset, duration and number of episodes
2.
Past history, in particular:

●
Ask about all recognised CVS risk factors

●
Enquire specifically about any contra-indications to (possible) thrombolysis

●
The results (if known) of any previous cardiac investigations.
3.
Current medications

●
In particular if they are on, and have had their aspirin.
4.
Allergies, especially to aspirin

Important points of examination
Examination in most cases will not be helpful.
1.
Assess any immediate ABC issues.
2.
Asses the vital signs, in particular the blood pressure.
3.
Asses the level of patient distress
4. 
Look for any signs of cardiac failure.

Clinical Risk Stratification
The first task of risk stratifying a patient with ACS is to rule out STEMI and new LBBB
Once this has been done the patient with NSTEACS should have a risk stratification assessment into high, intermediate or low risk for an adverse event.

High Risk Patients
High risk patients are defined as those presenting with clinical symptoms consistent with ACS and any of the following high risk features:
1.
Persistent or dynamic S-T segment changes on ECG:

●
S-T segment depression ≥ 0.5 mm.

●
New T wave inversion ≥ 2.0 mm

●
Transient S-T segment elevation ≥ 0.5 mm in more than 2 contiguous leads.
2.
Hemodynamic compromise:

●
Systolic blood pressure ≤ 90 mmHg.

●
Signs of poor peripheral perfusion.

●
Signs of cardiac failure or frank pulmonary edema, (ie Killip class > 1).

●
Syncope.
3.
Ongoing pain, or recurrent episodes (> 10 minutes), whilst in the ED.
4.
Arrhythmias requiring treatment or ventricular tachycardia.
5.
Elevated serum troponin.
6.
High risk co-morbidities:

●
Left ventricular systolic dysfunction (ejection fraction < 0.4)

●
PCI within the last 6 months or prior CAGS.

●
Diabetes with typical symptoms of ACS.
●
Chronic kidney disease with estimated GFR < 60 ml/min, with typical 
symptoms of ACS

Intermediate Risk Patients
Intermediate risk patients are defined as those presenting with clinical symptoms consistent with ACS and any of the following intermediate risk factors and not meeting any of the high risk features:
1.
Chest pain occurring within the last 48 hours that:

●
Occurred at rest

●
Is recurrent 

●
Is prolonged but currently resolved 
2.
A known history of CAD

●
Previous documented STEMI or non-STEMI

●
Previous percutaneous coronary intervention (PCI) or CABGs

●
Previous coronary angiography (with > 50 % stenosis documented). 
3.
Intermediate risk co-morbidities:

●
Age > 65 years
●
Two or more of the following group of risk factors, hypertension, family 
history, smoker, and hyperlipidemia.

●
Known diabetes with atypical symptoms of ACS.
●
Chronic kidney disease with estimated GFR < 60 ml/min, with atypical 
symptoms of ACS
4.
Prior aspirin (or equivalent) use
●
In other words there has been an acute coronary event, despite preventative 
treatment. 

Low Risk Patients
Low risk patients are defined as those presenting with clinical symptoms consistent with ACS, but without any intermediate or high risk features.
This will include:
●
Onset of angina symptoms within the last month.
●
Worsening in severity or frequency of angina or lowering of anginal threshold.

Investigations
Blood tests
1.
FBE
2.
U&Es/ glucose

●
In particular check the potassium level.
3.
CK (or CKMB)
●
This should be done as an initial baseline. It may then be used as a marker for 
possible subsequent re-infarction. Troponins are not useful for the diagnosis of 
early re-infarction as they may remain elevated for 5-14 days   
4.
Cardiac troponin I:

●
Normal levels are considered to be < 0.04 micrograms/L, (for conventional 
assays

●
Troponin I may persist for 5-14 days post infarction.
●
An initial troponin level should be done on all cases of suspected ACS with 
a second level done at 8-12 hours from the onset of the chest pain, when 
conventional 
troponin assays are being used.
●
Note that all troponin assays, regardless of their detection sensitivity do not rule out other ACS or stable coronary ischemia. Clinical management decisions 
should not be bases solely on troponin levels, but on thorough investigation 
and risk assessment that includes detailed clinical assessment, observation, 
repeated ECG tests, and where available functional testing.

ECG
●
All patients who present with a suspected acute coronary syndrome must have an ECG as soon as possible.
●
The immediate decision pathway will then involve the ECG stratification of STEMI, from NSTEACS, (S-T segment depression or T wave changes or transient S-T segment elevation or no new changes).

STEMI minimum criteria are as follows:
STEMI is defined as presentation with clinical symptoms consistent with ACS with ECG features including any of:
●
Persistent S-T elevation of > 2 small squares (2 mm) in 2 or more contiguous pre-
cordial leads.
●
Persistent S-T elevation of > 1 small square (1 mm) in 2 or more contiguous limb leads.
●
New LBBB, (LBBB should be considered new unless there is evidence otherwise). 

Note that the minimal S-T changes can be difficult to interpret, especially in those with pre-existing CAD or other significant CVS disease. In such cases:
●
Comparison with old ECGs will be useful. 
●
ECGs can be faxed to the cardiologist on call for interpretation and further discussion.
●
In cases of LBBB urgent echocardiography may be useful, if readily available, to detect 
wall motion abnormalities (suggesting myocardial ischaemia) in difficult cases of 
patients with LBBB.

CXR
●
This should be done in all cases
●
It should not however be allowed to delay any treatment measures.
●
Unstable patients should be x-rayed in the resuscitation area and not leave the department.
●
Stable patients may be suitable to leave the department for their x-ray, but may require a medical escort. This will need to be judged on a case by case basis.
●
Look for cardiomegaly, cardiac failure or other associated pathology.
Coronary Angiography
In the following cases patients with NSTEACS should be referred to cardiology urgently for consideration of a coronary angiogram if not same day, then at least next working day.
●
Younger patients with any high risk factors, (as above).
●
Patients with an elevated troponin levels.
Echocardiography
This is not a routine test in NSTEACS patients, but may be considered on an urgent basis in selected cases including:
●
Confirmation of wall motion abnormalities when the diagnosis of ACS is unclear 
(pericarditis or myocarditis is being considered for example or in cases of LBBB)
●
Patients who develop cardiogenic shock
●
Some cases of inferior infarction where evidence of right ventricular infarction is being 
sort.
●
Some complex cases of ACS where secondary complications are suspected, such as cardiac tamponade or valvular disruption

Management 
Initial management
1.
All patients must be triaged to a monitored area for ongoing assessment and continuous ECG monitoring.
2.
IV access, and blood tests taken.
3.
Oxygen therapy:
●
This is not routinely required in ACS, unless there is evidence of hypoxia (SaO2 
< 93%) and/ or shock. 2
4.
Pain relief

Options include:
●
Nitrates: 
These can be given sub-lingual, topical, or as an IV infusion in cases of intractable pain not responding to morphine.


For Initial management: 3
Glyceryl trinitrate sublingual spray 400 micrograms or sublingual tablet 300 to 600mg.
Repeat every 5 minutes as needed and if tolerated (monitor for hypotension) to a maximum of 3 doses.

●
IV morphine boluses titrated to clinical effect: 

2.5 to 5mg IV as an initial dose, then titrated to effect every 5 to 10 minutes with 
further incremental doses of 2.5 to 5mg IV. 
In elderly patients or those with cardiorespiratory compromise, an initial morphine dose of less than 2.5mg IV and incremental doses of 0.5 to 1mg should be considered.
If morphine is contraindicated, consider fentanyl at 25 to 50 micrograms IV as initial equivalent dose.
Further management for NSTEACS patients will then depend on the risk stratification level of the patient.

High Risk Patients
1.
Anti-platelet therapy

●
Aspirin 300 mg (loading dose), unless there is a genuine contra-indication such as allergy. Thereafter 150 mg daily.

●
Clopidogrel 300 mg (loading dose). Thereafter 75 mg daily.

●
Clopidogrel should be omitted if CABGs is likely to be required. 
2.
Clexane (enoxaparin) 
●
Give 1 mg/kg SC (a reduced dose, 0.75mg/kg should be given in patients with 
renal impairment).


This is usually given for 48-72 hours.
●
Heparin is preferred if the patient is to receive an urgent PCI 
3.
Glycoprotein IIb/IIIa inhibitor:
A glycoprotein IIb/IIIa agent, is also recommended 
in high risk patients in the following cases:

●
Those who are to receive urgent PCI.

●
Those who continue to have ischaemia, despite treatment with aspirin and 
clexane.
Currently available agents include: 
●
Reopro, (abciximab)
●
Integrilin, (eptifibatide) 
●
Tirofiban, (aggrastat).


The treating cardiologist will advise which agent, if any, is to be used.

4.
Beta blocker:
●
Oral metoprolol should be given, (25-50mg) unless there are contra-
indications, (especially in relation to the heart rate and blood pressure) 
5.
Referral for possible angiography
●
Note that patients who are candidates for possible early coronary 
angiography (see above) must be discussed early with the interventional 
cardiologist.

Intermediate Risk Patients 
1.
Anti-platelet therapy

●
Aspirin, as above.
2.
Clexane
●
Give 1 mg/kg SC (a reduced dose, 0.75mg/kg should be given in patients with 
renal impairment).
●
Clexane should cover the period of serial enzymes and ECG analysis in these patients. If these are normal clexane may be ceased, depending on the clinical suspicion for 
ongoing cardiac ischemia.

Low Risk Patients
1.
Anti-platelet therapy

●
Aspirin, as above.
2.
An initial troponin level should be done.
3.
The patient should then be monitored until such time as an 8 hour troponin level (conventional assay) can be done (from the onset of pain).
4.
The ECG should be repeated on the second taking of the troponin level.

Disposition
High Risk Patients
Most of these patients will require admission to coronary care.
Coronary care admission will be necessary for patients with:
●
Significantly elevated serum troponin.
●
Recurrent chest pain, whilst in the ED
●
ECG changes.
●
Hemodynamic instability.
●
Arrhythmias 
Some otherwise high risk patients (with respect to co-morbidities) that do not have any of the above features may also be suitable for an SSU admission.
Intermediate Risk Patients 
Most of these patients will be suitable for observation in the ED or the chest pain unit of the SSU. 
SSU admission may be considered providing:
●
There is a normal initial troponin level.
●
The patient is otherwise pain free and stable.
After an appropriate period of observation and investigation and possible consultation with the cardiology unit the patient may then be discharged with an appointment for early Cardiologist review.

Low Risk Patients
Most of these patients will be suitable for discharge following a period of assessment and observation in the ED and or short stay unit.

If the 8 hour troponin levels (conventional assay) are normal and the patient has remained well and pain free whilst in the ED, then they may be discharged from the ED.

They may be discharged on upgraded medical therapy as necessary.

A medical outpatients appointment should be made for: 
●
Patients who have had anginal symptoms for the first time within the previous month
●
Patients whose anginal pattern has worsened compared to their normal pattern
Patients whose angina is stable may be reviewed by their GP

Appendix 1
New York Heart Association Functional Classification of Angina
Class 1
●
Patients with cardiac disease but without resulting limitation of physical activity. 
●
Ordinary physical activity does not cause undue fatigue, palpitation, dyspnea, or anginal pain.
Class II
●
Patients with cardiac disease resulting in slight limitation of physical activity. 
●
They are comfortable at rest. Ordinary physical activity results in fatigue, palpitation, 
dyspnea, or anginal pain.
Class III
●
Patients with cardiac disease resulting in marked limitation of physical activity. 
●
They are comfortable at rest. Less than ordinary activity causes fatigue, palpitation, 
dyspnea, or anginal pain.

Class IV
●
Patients with cardiac disease resulting in inability to carry on any physical activity 
without discomfort. 
●
Symptoms of heart failure or the anginal syndrome may be present even at rest. If any 
physical activity is undertaken, discomfort is increased.

ST SEGMENT ELEVATION MYOCARDIAL INFARCTION

Introduction

All patients who present with a suspected acute coronary syndrome must be assessed in the ED on an urgent (category 2) basis and have an ECG performed as soon as possible. 

A “CODE STEMI” activation system (i.e. a system based approach to deliver timely intervention) should be in place in any hospital that has an acute percutaneous coronary intervention service.

Terminology

                                                                 ACS


                                          STEMI                                 NSTEACS


                                                         NON-STEMI              UNSTABLE ANGINA

ACS (Acute Coronary Syndrome)
● 
Acute coronary syndrome is an all encompassing term that refers to ischemic chest pain.
STEMI (S-T Segment Elevation Myocardial Infarction)
●
STEMI is defined as presentation with clinical symptoms consistent with an acute coronary 
syndrome together with S-T segment elevation on ECG 
●
New LBBB may be included in this sub-heading as the treatment approach is similar to STEMI.
NSTEACS (non S-T Segment elevation acute coronary syndrome)
●
NSTEACS refers to any acute coronary syndrome which does not show S-T segment elevation.
●
The ECG may show S-T segment depression or transient S-T segment elevation, but often will be normal

Non-STEMI (Non S-T Segment Elevation Myocardial Infarction)
●
By definition this will be shown by an elevation of serum troponin levels in the absence of S-T segment elevation.
●
Note that minor elevations of troponin may occur without a concomitant elevation of CK (or CKMB) levels. About a third of patients with elevated troponin, but normal CK and CK-MB levels, will develop an adverse outcome. This scenario is sometimes referred to as “minor myocardial damage” in distinction to a “true” non-STEMI which shows elevation of both markers.

Unstable Angina
●
Unstable angina is ischemic chest pain over and above the patient’s usual pattern and where the ECG remains normal, (apart from transient changes which then return to normal) and cardiac markers (CK and troponin) are not elevated. It is diagnosed on clinical therefore on grounds

The rest of these guidelines refer specifically to STEMI, 

Clinical Assessment
After the diagnosis of STEMI is made on ECG a brief and directed history and examination needs to be done to then determine the best reperfusion strategy.

Important points of history:
1.
History of the event:

●
When did the pain commence?

●
 Establish the nature of pain (cardiac versus pleuritic) and its duration. 
2.
Allergies.

●
Ask specifically about aspirin.
3.
Current medications, including:

●
Warfarin therapy.

●
Has aspirin or other anti-platelet agent been taken?
4.
Past history:

●
This is vital for establishing any contra-indications to thrombolysis. The most important include history of stroke or active recent internal bleeding.

●
Have there been any previous coronary interventions or investigations?

Important points of examination:
This will not generally be helpful in establishing the diagnosis of STEMI
1.
Assess any immediate ABC issues.
2.
Vital signs

● 
Blood pressure is especially important with respect to the decision to thrombolysis.
3.
Degree of patient anxiety/ distress.
4.
Look for any evidence of heart failure.

Investigations
Blood tests
1.
FBE
2.
U&Es/ glucose

●
In particular check the potassium level.
3.
CK (or CKMB):
●
This should be done as an initial baseline. It may then be used as a marker for possible subsequent re-infarction. Troponins are not useful for the diagnosis of early re-infarction as they may remain elevated for 5-14 days   
4.
Cardiac troponin I:

●
Normal levels are considered to be < 0.04 micrograms/L, (for conventional assays)

●
Troponin I may persist for 5-14 days post infarction.
●
An initial troponin level should be done on all cases of suspected ACS with a second level done at 8-12 hours from the onset of the chest pain, when conventional troponin assays are being used.
●
Note that all troponin assays, regardless of their detection sensitivity do not rule out other ACS or stable coronary ischemia. Clinical management decisions should not be bases 
solely on troponin levels, but on thorough investigation and risk assessment that includes detailed clinical assessment, observation, repeated ECG tests, and where available functional testing.

ECG
All patients who present with a suspected acute coronary syndrome must have an ECG as soon as possible.

The immediate decision pathway will then involve the ECG stratification of STEMI, from NSTEACS, (S-T segment depression or T wave changes or transient S-T segment elevation or no new changes).

STEMI minimum criteria are as follows:
STEMI is defined as presentation with clinical symptoms consistent with ACS with ECG features including any of:
●
Persistent S-T elevation of > 2 small squares (2 mm) in 2 or more contiguous pre-
cordial leads.
●
Persistent S-T elevation of > 1 small square (1 mm) in 2 or more contiguous limb leads.
●
New LBBB, (LBBB should be considered new unless there is evidence otherwise). 
Note that the minimal S-T changes can be difficult to interpret, especially in those with pre-existing CAD or other significant CVS disease. In such cases:
●
Comparison with old ECGs will be useful. 

●
ECGs can be faxed to the cardiologist on call for interpretation and further discussion.
●
In cases of LBBB urgent echocardiography may be useful, if readily available, to detect wall motion abnormalities (suggesting myocardial ischaemia) and hence assist in decision making.

CXR
●
This should be done in all cases
●
It should not however be allowed to delay any treatment measures, especially reperfusion 
therapies.
●
Patients should be x-rayed in resuscitation areas and not leave the department.
●
Look for cardiomegaly, cardiac failure or other associated pathology.
Echocardiography
This is not a routine test in STEMI patients, but may be considered on an urgent basis in selected cases including:
●
Confirmation of wall motion abnormalities when the diagnosis of ACS is unclear 
(pericarditis or myocarditis is being considered for example or in cases of LBBB)
●
Patients who develop cardiogenic shock.
●
Some cases of inferior infarction where evidence of right ventricular infarction is being sort.
●
Some cases of ACS where secondary complications are suspected, such as cardiac 
tamponade or valvular disruption
Coronary Angiography
●
This is the definitive investigation for any patient with a STEMI who is to undergo a PCI.

Management
Initial management:
1.
All patients must be triaged to a monitored resuscitation cube.
2.
IV access, and blood tests taken
3.
Oxygen therapy:
●
This is not routinely required in ACS, unless there is evidence of hypoxia (SaO2 < 93%) 
and/ or shock. 4 
4.
Pain relief:

Morphine
●
Opioid analgesia is preferred to nitrates for the initial control of pain in the setting of STEMI.

●
IV morphine boluses titrated to clinical effect: 5
♥
2.5 to 5mg IV as an initial dose, then titrated to effect every 5 to 10 minutes with 
further incremental doses of 2.5 to 5mg IV. 
In elderly patients or those with cardiorespiratory compromise, an initial morphine dose of less than 2.5mg IV and incremental doses of 0.5 to 1mg should be considered.
If morphine is contraindicated, consider fentanyl at 25 to 50 micrograms IV as initial equivalent dose.

●
Anti-emetic as required:
♥
IV 10 mg metoclopramide

Or
♥
IV 12.5 mg prochlorperazine  

GTN

If required in the setting of a STEMI this should be given as an IV infusion, rather than topically or sublingually. 

It will be indicated for
●
Pain, not controlled by adequate doses of narcotic analgesia.
●
Acute severe hypertension 
●
Acute cardiogenic pulmonary edema associated with hypertension.
5.
Anti-Platelet Therapy
This should be given as for high risk, NSTEACS patients.

Aspirin 300 mg (loading dose)
●
Unless there is a genuine contra-indication such as allergy this should be given in all cases.
●
Thereafter give 150 mg daily for the long term.

Clopidogrel 600 mg (loading dose prior to PCI). 4
●
Thereafter 150 mg daily for 7 days, then 75 mg daily for at least 12 months.
●
Clopidogrel should be omitted if acute CABGs is likely to be required.
●
In general terms clopidogrel should be continued for at least one month following fibrinolytic therapy and for up to 12 months following coronary stenting.

●
A dose of 300 mg is given when fibrinolysis is being used instead of PCI
6.
Heparin and Clexane:
With PCI:
●
Heparin (i.e. “unfractionated”) bolus dose of 5000 units should be given in cases of patients who are to receive PCI for their STEMI.
●
The role of clexane in STEMI patients who are to receive PCI is less clear, but current guidelines suggest that this is safe at a reduced dose (0.75mg/kg SC)
With fibrin-specific fibrinolysis:
●
Heparin bolus loading dose with the first fibrinolytic dose and then commence heparin infusion. 
Alternatively:
●
Enoxaparin, 30 mg IV bolus dose, followed by 1 mg/kg SC (or a reduced dose, 0.75mg/kg SC in the elderly or those with renal impairment) 12 hourly.
7.
Glycoprotein IIb/IIIa Inhibitors
Agents available include:
●
Reopro, (abciximab)
●
Integrilin, (eptifibatide) 
●
Tirofiban, (aggrastat).
The need for, and the specific agent to be used, will be determined by the treating cardiologist.
With PCI:
●
A glycoprotein IIb/IIIa inhibitor may be ordered for patients who are to undergo primary PCI.
The known benefits of using these agents in the setting of an acute PCI, must be balanced against the risk of bleeding in each individual case.
With fibrin-specific fibrinolysis, (i.e. tenecteplase or reteplase):
●
A glycoprotein IIb/IIIa inhibitor should not be used in patients who undergo fibrinolysis 
therapy.
8.
Bivalirudin:
Bivalirudin is a direct thrombin inhibitor.
Amongst patients with STEMI undergoing primary PCI, the use of bivalirudin can be considered as an alternative to heparin and GP IIb/IIIa inhibitors. 4, 6
9.
Newer antiplatelet agents: prasugrel and ticagrelor:
Prasugrel, (a rapid-onset antagonist of platelet adenosine diphosphate P2Y12 receptors), 60 mg orally, for patients not at an increased risk of bleeding. 7
Ticagrelor, ( a reversible oral P2Y12 inhibitor), 180 mg orally. 7
●
In patients undergoing PCI, the use of an oral antiplatelet agent (prasugrel and 
ticagrelor) should be considered as an alternative to clopidogrel for subgroups at high 
risk of recurrent ischaemic events (e.g. those with diabetes, stent thrombosis, recurrent 
events on clopidogrel or a high burden of disease on angiography). 4
●
Careful assessment of bleeding risk should be undertaken before using these agents. 

Reperfusion Strategy
Indications
All patients who present within 12 hours of symptom onset of STEMI should be considered for a reperfusion strategy, unless they have severe co-morbidities. 

Reperfusion is not routinely recommended in patients who present more than 12 hours after symptom onset. It may be considered however in selected cases:
●
There are ongoing symptoms
●
There is ongoing electrical and or hemodynamic (cardiogenic shock) instability.
These cases should be discussed with the interventionist cardiologist.

Choice of Reperfusion Strategy
The ideal treatment for all STEMIs is acute PCI or in some cases emergency CABGs
When this interventional treatment is not available or not feasible within an appropriate time frame, thrombolysis is the next best option, providing there are no absolute contra-indications to this therapy. 
“Ideal time frames” have been described to guide decision making between these two options, as described in the table below:


PCI / CABGs
Any patient identified as having a STEMI should prompt activation of a "CODE STEMI response"  
Note that “on site” cardiac surgical backup is not considered essential for a PCI intervention. 
Whilst on site cardiac surgical backup is not essential, networks of urgent referral nonetheless need to be in place. 

CAGS is considered in cases of:
●
Failed PCI, (ongoing symptoms/ instability)
●
Some complications following PCI.
●
Suitable coronary vessel anatomy discovered on angiography, not readily amenable to PCI
Thrombolysis
There are 4 fibrinolytic agents currently available in Australia. The older streptokinase (SK, as an infusion) and the three newer fibrin-specific agents, reteplase (single dose), alteplase (tPA, as an infusion) and tenecteplase, (single dose)
SK has a number of serious disadvantages:
●
Anaphylaxis, as it is a protein derivative derived from bacterial sources. Aboriginal and Torres 
Straight Islanders are more prone to this, possibly as a result of a relatively high incidence of previous sensitizing streptococcal infection.
●
Previous use of SK precludes further use in the future, not only because of the risk of allergic reaction but also due to the development of neutralizing antibody decreasing subsequent effectiveness.
●
It must be given as an infusion, (as opposed to bolus dosing for reteplase and tenecteplase)
The fibrin-specific agents reduce mortality to a greater degree than SK when used within 6 hours. Note that whilst SK may be associated with a lower incidence of intra-cranial hemorrhage, especially in older people, the overall mortality is still lower with the use of the fibrin-specific agents.

The fibrin specific agents are therefore the preferred agents. 

Further considerations:
●
If there are absolute contra-indications to thrombolysis, then the case needs to be discussed urgently with the cardiologist on call. and arrangements made for a possible PCI.
●
If there are relative contra-indications to thrombolysis, treatment is more problematic and the potential risks must be weighed against the potential benefit on an individual basis. If there is any doubt about this, the on call cardiologist should be contacted.
●
If the patient is hypertensive (>180/110), then a GTN infusion may be commenced to bring the blood pressure below this level, before giving thrombolysis.
●
Patients with minor infarctions (especially inferior) and severe co-morbidities, especially if they also have risk factors for intra-cranial haemorrhage, (age over 75 years, female, smaller sized patients, prior stroke of any type, SP > 160 mmHg) 2 should not be thrombolysed. These patients are best treated with either PCI or conservatively with aspirin and clexane. 

Failed Thrombolysis
This can only be judged definitively by coronary angiography.
Clinical indications that that reperfusion has been unsuccessful include:
●
Failure of the relief of ischemic chest pain.
●
Failure of the restoration of hemodynamic / electrical stability.
●
Failure of resolution of S-T segment elevation. 


In the “REACT” trial this was defined as:
At 90 minutes after the initiation of thrombolytic therapy, the electrocardiogram shows less than 50% resolution of the ST segment in the lead that showed the greatest ST-segment elevation measured from the baseline, (ie the isoelectric line) 3 at the initiation of thrombolysis.

Rescue PCI
If thrombolysis is not successful, then “rescue PCI” is a better option than second doses of thrombolysis or conservative management. 3
PCI should be considered in:
1.
Patients who have had thrombolysis, regardless of the success or otherwise of pharmacologic reperfusion. 4
2.
Patients who have evidence of re-infarction.
3.
Patients who develop cardiogenic shock.
●
Whilst thrombolysis is not contra-indicated in cardiogenic shock it has not been shown to ultimately improve outcomes. PCI/ emergency CABGs is the best option in cases of cardiogenic shock.

Disposition

All STEMIs would be identified in a timely manner, and CODE STEMI procedures immediately activated according to local hospital practice. Patients are admitted to CCU following percutaneous intervention. Occasionally some patients will be identified following coronary angiography, that will require transfer to a centre for Cardiac Bypass Graft Surgery. 
Once the decision has been made to thrombolyse, this should be done in the ED as soon as possible. Once the patient has been thrombolysed and is stable they should be admitted to CCU.

CARDIOGENIC SHOCK

Clinical Definition:

Cardiogenic shock is an acute impairment of myocardial contractility presenting as a clinical syndrome of: 1
1. A low systolic blood pressure:
●
< 90 mmHg, or a value of greater than 30 mmHg below normal levels in a hypertensive patient
●
For a period of at least 30 minutes
2. Together with clinical evidence of decreased tissue perfusion, (such as peripheral vasoconstriction, altered conscious state and urine output below 20 ml/hr)
Definition based on Hemodynamic Parameters:
Cardiogenic shock may also be defined by the acute presence of all three of:
1.
Systolic pressure less than 90 mmHg.
2.
A cardiac index of less than 2.2 L / min / M2.
3.
A pulmonary capillary wedge pressure of greater than 15 mmHg.

Pathophysiology
Causes:
1.
Myocardial infarction, this is by far the commonest cause.
●
Left ventricular, when there is critical loss (> 40%) of myocardium. The effects of recent and old infarcts will be additive. This scenario is seen with extensive anterior infarction. 
●
Right ventricular infarction. This is much less common. It is seen in association with inferior infarcts.
2.
Drug and poison overdose.
3.
Acute decompensation in patients with cardiomyopathies.
Other causes are less common, but may include the following:
4.
Severe myocarditis. 
5.
Severe myocardial contusion.
6.
Myocardial failure secondary to acute structural lesions:
●
Severe mitral regurgitation.
●
Acute aortic regurgitation.
●
Rupture of the interventricular septum.
●
Large left ventricular aneurysm.
7.
Severe outflow obstruction:
●
Aortic stenosis.
●
HOCM
Note that there are many other cardiac causes of poor cardiac output and shock that are not due to intrinsic contractility problems. By convention these are not included in the strict definition of cardiogenic shock. These conditions include massive pulmonary embolism, cardiac tamponade, tension pneumothorax and arrhythmias. 

Reduced myocardial contractility due to severe sepsis is defined separately as septic shock.

Prognostic Features
1.
Worse with increasing age.
2.
Underlying type and extent of pathology.
3. Associated medical problems.
4.
A number of classifications have been developed to correlate the extent of pump failure with eventual mortality following an AMI. They include the Killip-Kimball and the Forrester-Diamond-Swan classifications.

The Killip-Kimball Classification (based on clinical criteria)
	CLASS I

	No failure
	5% mortality

	CLASS II

	Mild failure, basal creps & S3
	15-20% mortality

	CLASS III

	Frank Pulmonary Edema
	40% mortality

	CLASS IV

	Cardiogenic Shock
	80% mortality


The Forrester-Diamond-Swan classifications, (based on hemodynamic parameters):
	GROUP

	Cardiac Index (L/min/M2)
	PAWP

(mmHg)

	Mortality

	I


	>2
	<18
	3%

	II


	>2
	>18

	9%

	III


	<2
	<18
	23%

	IV



	<2
	>18
	51%


Investigations
In patients with suspected cardiogenic shock, the following investigations will be needed:
Blood tests

●
FBE
●
U&Es and glucose
●
Troponin levels.
●
ABGs
CXR
To look for:
●
Associated pulmonary oedema. If the lung fields are clear consider the possibility of a RV infarction, especially in the setting of an inferior myocardial ischemia.
●
Other associated pathology.
ECG
To establish
●
The rhythm
●
The presence of any underlying ischemia or infarction.
A normal ECG will virtually exclude a diagnosis of cardiogenic shock due to myocardial infarction.
Anterior infarctions are much more commonly associated with cardiogenic shock than are inferior infarctions.
If a patient appears to be in cardiogenic shock and the ECG shows an inferior infarction, then consider the possibility of RV infarction or other complicating pathology such as cardiac tamponade. 
Echocardiography
The most important investigation, if available, is bedside echocardiography. It should ideally be done in all cases of suspected cardiogenic shock.
It will:
●
Confirm the diagnosis of cardiogenic shock.
●
Establish the type (left versus right sided, systolic versus diastolic) and the severity of the myocardial failure.
●
Rule out the presence of any potentially reversible “structural” causes, such as valvular lesions, free wall ruptures or interventricular septal ruptures.
●
Help rule out other pathologies such as aortic dissection, massive PE, or cardiac tamponade.
Management
Management steps include the following:
1.
General measures.
2.
Optimizing fluid volume status.
3.
Inotropic drug support.
4.
Mechanical supports.
5.
Specific measures.
6.
Early consultation (ICU/ cardiology)

General measures:
1.
Immediate attention to any ABC issues, especially oxygenation.
2.
Pain relief
3.
Treat any arrhythmias. 
4.
Treat hyperkalemia or hypokalemia.
5.
Continuous ECG monitoring and pulse oximetry. 
Optimizing fluid volume status
1.
T o monitor volume status and “central” pressures insert an IDC and CVC.
●
Insertion of a CVC should not delay inotropic support. Inotropes can be given via a cubital fossa vein in the first instance.
●
Femoral lines can be relatively quickly placed and will also give a reasonable estimate of central pressures.
2.
Fluid boluses can be given (100 - 250 ml) to optimize central pressures to a CVC of 10 cm water (15 mmHg PCWP)
3.
In cases of right ventricular infarction with cardiogenic shock, fluid therapy needs to be somewhat more aggressive (up to 30 cm of water)
Inotropic Drug Support
Options for inotropic drug support include the following:
Most commonly:
1.
Adrenaline
2.
Milrinone
3.
Noradrenaline

Inotropes will improve contractility but with the following adverse effects: 
●
Tachyarrhythmias.
●
Increased myocardial oxygen demand 
●
Hyperglycemia and reduce glucose tolerance
●
Lactic acidosis
●
Vasoconstriction-induced reduction in organ blood flow and ischaemia
●
Aggravation of hypotension with some agents, (isoprenaline, dobutamine) 

Most commonly adrenaline will be the agent of choice for acute cardiogenic shock.
If this proves insufficient then the addition of the phosphodiesterase inhibitor milrinone should be considered.
Milrinone as well as being a good positive inotropic agent will also cause vasodilatation and so it is usually used in conjunction with noradreanaline. Therefore if adrenaline is not successful, it may be replaced with milnirone and noradrenaline infusions. Milrinone is primarily used in the ICU setting.
Note that milrinone should only be commenced in the ED after discussion with ICU/ ED consultant.

Less commonly other agents may be considered, (usually after cardiology consultation): 
●
Dobutamine
●
Dopamine
●
Isoprenaline
Mechanical supports

When pharmacological measures are insufficient some patients may be suitable for mechanical cardiac supports.

These may include:
●
The intra-aortic balloon pump (IABP)
●
ECMO.
Mechanical support devices, of which IABP is the most commonly used, have the major advantage compared pharmacologic agents of being able to improve coronary perfusion and cardiac performance, while at the same time reducing myocardial ischemia and cardiac work
Indications for the intra-aortic balloon pump device include conditions that have a potentially reversible problem, including:
●
Coronary occlusion.
●
Severe mitral regurgitation, (AI is contra-indicated) 
●
Post trauma
●
Drug overdose
●
Patient’s on a wait list or those who may be suitable for cardiac transplantation.
Specific measures
1.
By far the commonest cause of cardiogenic shock is coronary artery occlusion and the best chance of survival is procedural intervention. 
●
Although not specifically contra-indicated, thrombolytic agents have not been shown to improve outcome in cardiogenic shock from coronary artery occlusion. 
●
Emergency PTCA or CABG surgery offer the best prognosis in acute cardiogenic shock due to myocardial infarction.
2.
In some patients there may be a surgically correctable lesion such as severe mitral incompetence or septum rupture.
3.
If facilities are available some patients may be suitable for emergency cardiac transplantation.
Disposition:
Early consultation should always be sought with:
●
ICU 

♥
Any patient with cardiogenic shock should be referred early to ICU.
●
Cardiology
♥
Any patient with cardiogenic shock due to myocardial infarction should be referred early to the on call cardiologist in order to plan for a possible PCI or emergency CABGs.
Appendix 1
Inotropic Agents
Dobutamine
●
Useful in cases of mild hypotension (systolic pressures of 80-90 mmHg) Improves contractility and may reduce afterload, however may worsen hypotension 
Dopamine
●
Useful in moderate hypotension (systolic pressures of 60-80 mmHg) Improves contractility and with alpha effects helps raise peripheral vascular resistance, however tachycardia may be problematic.
Isoprenaline
●
This is most useful as a chronotropic agent for patients with severe bradyarrhythmias. It has significant beta 2 effects, however which may worsen hypotension.

Adrenaline
●
Useful in cases of severe hypotension, (systolic pressures less than 60 mmHg) Improves contractility and maximally improves peripheral vascular resistance and diverts blood to vital organs.
Milrinone
●
This is a phosphodiesterase inhibitor with positive inotropic effects. It has some vasodilatory effects and so is usually used in conjunction with an agent that gives some vasoconstriction such as noradrenaline. 

EXACERBATION OF CONGESTIVE CARDIAC FAILURE
Introduction
Exacerbation of chronic congestive cardiac failure is a very common presentation to the Emergency Department.

This condition should be distinguished from what most Emergency physicians and Intensivists call acute cardiogenic pulmonary edema, which presents as a sudden onset of severe dyspnea, where the patient is hypoxic and acutely very unwell. American terminology sometimes refers to “flash pulmonary edema”. This condition represents a different pathology to “exacerbation of chronic congestive cardiac failure” and treatment approaches are different, 

Whilst acute cardiogenic pulmonary edema is primarily a problem of fluid maldistribution, exacerbation of congestive cardiac failure is primarily one of fluid overload.    

Important aspects of management in exacerbation of heart failure include:
●
An assessment of the degree of disability of the patient and how this differs from their usual functioning.
●
Treatment of patient’s symptoms
● 
Excluding or treating any underlying causative pathology and/ or precipitating event.

It should be noted that heart failure is a symptom rather than a disease in itself, and as such an underlying cause should always be sought and treated where possible.  

Epidemiology
Chronic heart failure is a progressive disease mostly affecting people over the age of 65 years. 
The prevalence increases markedly with age, affecting about 1 % of people 50-59 and over 10 % of those over 80 years.

Pathophysiology
In heart failure there is an inadequate cardiac output for the requirements of the tissues. 

Three main adaptations occur in heart failure: 
●
The Frank-Starling response to an increased preload 
●
Myocardial hypertrophy 
●
Activation of neurohumoral systems.

As heart failure progresses these mechanisms become maladaptive and treatment aims to restore a balance. 

Heart function is generally measured by;
1.
Ejection fraction:
●
This is stroke volume/ end diastolic volume, (normally around 70/120 ml or approximately 0.6)
2.
Cardiac index:
●
This is the cardiac output per square meter of body surface area.

Causes of heart failure
The general term cardiomyopathy is often applied to the failing heart.

The term primary cardiomyopathy is generally applied when the aetiology is unknown and secondary cardiomyopathy when the aetiology is known. 

The principle known causes of heart failure include
1.
Ischemic heart disease, due to coronary artery disease.
2.
Hypertensive cardiac disease.
3.
Valvular heart disease.
4.
Post infectious:
●
This is usually considered to be a post-viral dilated cardiomyopathy.
5.
Anaemia
6.
Cor pulmonale:
●
Right heart failure secondary to severe chronic lung disease.

Less common causes include:
7.
Hypertrophic cardiomyopathy
8.
Metabolic: 

●
Thiamine deficiency
●
Thyroid toxicity or failure
9.
Toxic:
●
Alcohol
●
Cardiotoxic drugs
●
Chemical poisons
10.
Chronic constrictive pericarditis
Classification of heart failure:
In general pathological terms heart failure can be:
1.
Systolic heart failure, (most commonly)
●
This is usually seen as a congestive or dilated cardiomyopathy.  
2.
Diastolic heart failure:
●
Included in this group are hypertrophic cardiomyopathies and restrictive cardiomyopathies.
●
Pure isolated diastolic failure is relatively uncommon. 
3.
Combination of systolic and diastolic heart failure:
●
Many cases of systolic failure will also have some degree of associated diastolic failure.

Heart failure is generally a consequence of myocardial damage leading to impaired systolic function. 

However, some patients, particularly the elderly and patients with hypertension or diabetes, present with classical symptoms and signs of heart failure but investigation reveals normal or near-normal systolic function (ejection fraction greater than 40%). 

In these cases there are two possibilities:
The patient does not have heart failure (consider fluid overload, renal failure, severe lung disease, pericardial effusion, pericardial constriction). 
The patient has principally diastolic heart failure. Here there is a failure of adequate diastolic relaxation. There are some differences in how management is approached in patients with diastolic heart failure.

Both systolic and diastolic heart failure result in a decrease in stroke volume.

Causes of exacerbation of heart failure
Regardless of the specific underlying cause, heart failure may have a precipitating or aggravating factor requiring specific therapy. 

Precipitating factors may include:

1.
Acute coronary syndrome
2.
Arrhythmias
3.
Infection
4.
Medication related:

Non-compliance with medication

Or
Inadequate medical treatment
Or
Drug therapy exacerbating heart failure, including:
●
Negatively inotropic drugs (eg verapamil, diltiazem, in particular) 
●
Salt-retaining drugs (eg corticosteroids, non-steroidal anti-inflammatory drugs, including COX-2 inhibitors) 
5.
Fluid overload
6.
Anaemia
7.
Pulmonary emboli, (worsening right heart failure).
8.
Hyperthyroidism
9.
Acute valvular dysfunction
Clinical Assessment
Important points of history:
The “classical” features of heart failure on history include:
1.
Exertional dyspnea:
●
This is the first sign of heart failure.
●
As the severity of heart failure increases, dyspnea occurs at decreasing levels of activity
2.
Orthopnea:
●
Dyspnea that develops as soon as the patient assumes a recumbent position. 
●
It is usually relived promptly once the patient sits upright
3.
Paroxysmal nocturnal dyspnea:
●
Here there is sudden awakening from sleep with breathlessness.
●
In contrast to orthopnea, which may be relieved immediately by sitting up in bed, attacks of paroxysmal nocturnal dyspnea may require 30 minutes or longer in this position for relief.
This is in distinction to acute cardiogenic pulmonary edema, where the patient develops life threatening symptoms that do not resolve spontaneously, and requires timely medical intervention for survival.

Important points of examination:
1.
Vital signs:
●
Including the SaO2 on pulse oximetry
●
There will usually be resting tachycardia.
●
Pulsus alternans may be detected.
2.
Heart sounds: S3 “gallop”:
●
Despite its apparent textbook importance, this is a subtle, non-specific and subjective sign that held more relevance in the pre-echocardiography era. 
Heart failure may be left ventricular or right ventricular, however usually both coexist in the syndrome of congestive, or biventricular, heart failure
3.
Evidence of LVF:
●
Basal lung crepitations.
4.
Evidence of RVF:

●
Elevated JVP.

●
Hepatomegaly.

●
Ascites.

●
Pitting leg edema.
Classification of the severity of heart failure:
This is most commonly graded according to the New York Heart Association Functional Classification of Heart Failure, as follows:
Class 1
●
Patients with cardiac disease but without resulting limitation of physical activity. 
●
Ordinary physical activity does not cause undue fatigue, palpitation, dyspnea, or 
anginal pain.
Class II
●
Patients with cardiac disease resulting in slight limitation of physical activity. 
●
They are comfortable at rest. Ordinary physical activity results in fatigue, palpitation, dyspnea, or anginal pain.
Class III
●
Patients with cardiac disease resulting in marked limitation of physical activity. 
●
They are comfortable at rest. Less than ordinary activity causes fatigue, palpitation, dyspnea, or anginal pain.
Class IV
●
Patients with cardiac disease resulting in inability to carry on any physical activity 
without discomfort. 
●
Symptoms of heart failure or the anginal syndrome may be present even at rest. If any physical activity is undertaken, discomfort is increased.

Investigations
The extent of investigation required in the patient who presents with an exacerbation of heart failure will depend on how unwell the patient is and the index of suspicion for any given causative or aggravating pathology

The following may be considered:
Blood tests
1.
FBE:
●
Haemoglobin level, for anaemia. 
●
Elevated WCC as evidence of possible infective process
2.
U&Es/ eGFR
●
Chronic severe heart failure can lead to impaired renal function.
3.
Glucose level
4.
CRP
5.
Cardiac enzymes
●
ACS is a common cause of exacerbation of CCF.
6.
BNP:
●
This correlates well with the degree of heart failure. Its level correlates closely with the NYHA Classification of Heart Failure.
●
If values are normal it makes a diagnosis of heart failure unlikely, and an alternate cause for symptoms will need to be considered.

Others tests may be done as clinically indicated:
6.
ABGs
7.
Blood cultures
8.
Thyroid function tests
9.
LFTs:
●
Chronic severe heart failure can lead to impaired liver function.

ECG:
This should be done in all cases, in particular looking for:
●
Arrhythmias 
●
Evidence if ischemia 

CXR:
A CXR should done, in particular looking for:
●
Signs of congestive heart failure:
Note that the radiographic signs of heart failure may lag behind the clinical picture, and may be relatively slower to resolve with respect to the clinical picture. 

Radiographic signs of heart failure include:
♥
Upper lobe blood diversion is usually the first radiographic sign of heart failure.
♥
Interstitial edema, this is represented as fine linear opacities; (peripherally placed basal ones are termed Kerly B lines, whilst more central ones are termed Kerly A lines). 

♥
Cardiomegaly, (a subjective and variable sign however).
The acute onset of bilateral or unilateral “fluffy” alveolar edema (commonly termed “bats wings”) is characteristic of acute cardiogenic pulmonary edema.   
●
An alternate diagnosis (such as consolidation).

Echocardiography:
An echocardiogram should be done in all cases presenting as a new clinical diagnosis of heart failure, in order to make an objective and definitive diagnosis.
It will also document the degree and type of failure, and may diagnose an underlying causative pathology, (such as valvular heart disease). 
Echocardiography is also useful in established cases to document disease progression.

Nuclear medicine imaging:
Radionuclide multiple gated acquisition (MUGA) scan is a very reliable imaging technique for determining global heart function. 
LV ejection fraction, as determined by MUGA scanning, is often used for serial assessment of LV function because of its reliability.

Coronary angiography:
In selected cases coronary angiography may be needed to document the contribution and degree of coronary artery disease, as well as its suitability for intervention.

Management

Management issues in the ED will include:
1.
Oxygenation:
●
Oxygenation is the immediate priority for any patient who presents to the Emergency Department acutely short of breath.
●
Patients should be sat upright as much as possible and given oxygen therapy as required.  
2.
Attention to any underlying cause or precipitating factors:
●
An underlying precipitating factor (such an ACS, anaemia or infection) should always be sought and treated as required.
Ongoing ward management (of systolic failure) will then consist of:
3.
Dietary measures:
Fluid restriction:
●
In patients with severe heart failure, the ability to excrete a free water load is diminished. 
●
The combination of reduced sodium intake, potent diuretics and continued fluid intake often leads to dilutional hyponatraemia. 
●
Increasing salt intake and reducing diuretic dosage are usually inappropriate, as these patients are often still oedematous. 
●
Fluid intake should be limited to 1.5 liters per day or less in patients with hyponatraemia, particularly in those in whom the serum sodium concentration falls below 130 mmol/L.
Sodium restriction:
●
The use of diuretics in heart failure patients will often avoid the need for strict sodium restriction.
●
Excessive salt ingestion should be avoided however as this can precipitate or exacerbate heart failure. A no-added-salt diet restricted to 60 to 100 mmol per day should be adhered to.
●
More severe salt restriction may be necessary in patients with severe heart failure, and a dietician referral made.
4.
Anti-heart failure drugs:
Drug therapies that have been shown to improve survival in heart failure include: 
●
Angiotensin converting enzyme (ACE) inhibitors
●
Angiotensin II receptor antagonists
●
Beta-blockers 
●
Aldosterone antagonists (eg spironolactone, eplerenone).

There is now a good body of evidence to support the use of combination drug therapy in heart failure to improve prognosis, and control symptoms and signs. 
Almost all patients with clinical heart failure will require combination therapy with an ACE inhibitor, a beta blocker, and a diuretic.
Optimization of therapy may take several months and requires close monitoring of symptoms, fluid status, renal function and electrolyte levels to get the right balance.

General principles for these agents are as follows:
Angiotensin converting enzyme (ACE) inhibitors:
ACE inhibitors are now considered the first line therapy for heart failure.
ACE inhibitors reduce mortality and morbidity at any grade of systolic heart failure, even in patients with asymptomatic disease and so virtually all patients with clinical heart failure should receive an angiotensin converting enzyme (ACE) inhibitor as initial therapy. 
Asymptomatic patients should receive an ACE inhibitor if there is significant left ventricular dysfunction (ie left ventricular ejection fraction less than 40%).
Angiotensin II receptor antagonists:
Some patients are unable to tolerate angiotensin converting enzyme (ACE) inhibitors because of adverse effects such as cough or skin rashes. In these patients, the angiotensin II receptor blockers should be used to provide an alternative mechanism of inhibiting the renin-angiotensin system. However, if a patient has experienced angioedema with an ACE inhibitor, angiotensin II receptor blockers are generally contraindicated. 
Addition of an angiotensin II receptor blocker to background combined therapy including an ACE inhibitor should be considered if the patient remains symptomatic.
Beta-blockers:
Clinical trials have demonstrated the unequivocally beneficial effects of some (heart failure specific) beta blockers in patients with systolic heart failure and low ejection fraction. They show improved control of heart failure, improved left ventricular ejection fraction, and improved prognosis. Heart failure specific beta-blockers include metoprolol, carvedilol and bisoprolol. 
Patients with heart failure however are often very sensitive to beta blockers. Major complications of beta-blocker therapy in patients with heart failure include worsening of heart failure, severe hypotension and bradyarrhythmias. These complications are due to beta blockade leading to withdrawal of sympathetic nervous system support for the failing heart. 
These complications can be minimised by:
●
Not initiating beta-blocker therapy during a period of acute decompensation.
●
Starting therapy with extremely low doses. 
●
Increasing the dose very gradually. 
●
Monitoring the patient frequently with daily weight, and symptom monitoring. 
●
Adjusting the dose of other drugs such as diuretics and ACE inhibitors to compensate for any tendency to increased heart failure. 
●
Avoiding simultaneous addition of vasodilator drugs. 
●
Using caution if the patient is on a calcium channel blocker (avoiding non-dihydropyridine blockers), a potent combination for inducing serious bradyarrhythmias.
The best advice overall is to “start low and go slow”.
Aldosterone antagonists (eg spironolactone, eplerenone):
In patients who are not controlled on a combination of an ACE inhibitor and diuretic, adding an aldosterone inhibitor may help
Note however that these agents may cause hyperkalemia. In patients with renal impairment who are taking an ACE inhibitor, (which may also cause hyperkalemia) addition of an aldosterone inhibitor or other potassium-sparing diuretic can cause life-threatening hyperkalaemia.
5.
Loop diuretic therapy:
Loop diuretics have been used for decades to help control the symptoms of chronic heart failure. They have not been shown of themselves however to improve survival and so are not appropriate as monotherapy.
A mild increase in serum creatinine (or fall in estimated glomerular filtration rate) is commonly observed in patients with heart failure when they are commenced on combined ACE inhibitor and diuretic therapy. This is not usually an indication to stop the ACE-inhibitor therapy, but requires close monitoring (with weight, renal function and electrolytes) and may require (diuretic) dose titration.
6.
Digoxin:
Digoxin has been a cornerstone for the treatment of heart failure for centuries and is the only oral inotropic support agent currently used in clinical practice. Numerous studies confirm that digoxin does not prolong survival in patients with systolic heart failure, however it is associated with, improved functional class and reduced symptoms of heart failure
Its use in heart failure has declined in the face of more modern agents that have been shown to improve survival.
The current modern indications for digoxin in heart failure include:
●
Patients with chronic atrial fibrillation to control rapid ventricular rate in the long term, (its efficacy is questionable for the acute control of rate) 
●
Patients with sinus rhythm when heart failure is not adequately controlled by optimal doses of renin-angiotensin system inhibitors, loop diuretics, and beta blockers. 

Newer technological interventions that have been shown to be of benefit in patients with moderate to severe heart failure involve the implantation of cardiac pacing devices and volume monitors.
Diastolic heart failure:
Whilst the management of systolic heart failure is well researched and established the management of pure diastolic heart failure is far less so. Consequently far more uncertainty exists regarding its optimal management.

The following general principles may be applied for patients with pure diastolic failure:
1.
The main focus should be on treatment of the underlying causative pathology, where possible.
2.
Agents which may be specifically beneficial:
Poor diastolic filling may be improved by administration of: 
●
Beta blockers 
And/or 
●
Verapamil or diltiazem. 
In patients with normal systolic function, these negatively inotropic drugs can generally be used safely, even in combination. Patients should however be monitored for bradyarrhythmias and possible atrioventricular block.

3.
Agents that should be avoided or at least used with extreme caution include:


Diuretics:
Patients with diastolic heart failure generally have normal left ventricular volume and are very sensitive to diuretics. 

Excessive diuresis can easily produce severe reductions in cardiac output and blood pressure. 

Venodilators:
Venodilators (eg isosorbide dinitrate) can cause severe reductions in cardiac output and blood pressure. 

Ateriodilators:
Powerful arterial vasodilators (eg hydralazine) can produce dynamic left ventricular outflow obstruction. 


Digoxin:
Digoxin and other inotropic drugs should be avoided unless the patient is in atrial fibrillation.

BACTERIAL ENDOCARDITIS

Introduction
Infective endocarditis a microbial infection of the endocardial surface of the heart. It may be acute, subacute / chronic.
The characteristic pathological lesion, the “vegetation”, is composed of a collection of platelets, fibrin, microorganisms, and inflammatory cells. 
It most commonly involves heart valves but may also occur at the site of a septal defect, on the chordae tendineae, or on the mural endocardium.
This is a commonly missed diagnosis and so a high index of suspicion must be maintained especially in patients who are at risk for this condition.

Pathophysiology
Predisposing factors
1.
Any structural valvular lesion will predispose to this condition. The following are prominent risk factors:
●
Rheumatic heart disease
●
Mitral valve prolapse
●
Prosthetic valves
●
Congenital heart disease
●
Hypertrophic cardiomyopathy
●
Septal defects
2.
Intravenous drug use:

●
Resulting most commonly in right sided valve lesions.
3.
Foreign bodies:
●
Intracardiac pacemakers
●
Central venous lines


Complications:
1.
Destruction of the heart valve, with consequent severe heart failure.
2.
Septic embolization with unexplained stroke, septic arthritis and liver, kidney, splenic, gut and lung abscess (from right sided lesions).
3.
Anemia
Organisms
1. Staphylococcus aureus: 
●
Is now the commonest cause.
●
It is especially seen in intravenous drug users, and accounts for the majority of cases of right sided endocarditis)
2. Streptococcus species including viridans
3. Enterococci are seen in older age groups (>60 years)
Many other organisms have been implicated, but are rare.

Clinical Features

Infective endocarditis should be considered as a multisystem disease. 
The symptoms and signs are largely non specific, which makes diagnosis difficult. 
To make the diagnosis a high index of suspicion must be maintained in patients who are at risk for the condition.

Symptoms usually occur within 2 months of the event responsible for the initiation of bacteraemia, although this may be difficult to identify.
1. Fever of unknown origin is the commonest presenting feature. 
2. Other classic non specific constitutional symptoms often accompany the fever, such as headache, myalgia, malaise, anorexia and arthralgia.
3. A new valvular incompetence murmur or a changed old one.
4. Pneumonia and/or pleurisy in an intravenous drug user, ie right-sided endocarditis with septic pulmonary emboli. There are usually absent or minimal cardiac signs.
5. The classical “peripheral stigmata” described in textbooks are extremely rare and should not be relied on as evidence of endocarditis.
These may include: 
●
Petichiae.
●
Splinter hemorrhages, (under finger or toe nails, initially red for several days then brownish)
●
Osler’s nodes (painful tender subcutaneous nodules of the finger tip pulps or toes or over the thenar eminence).
●
Janeway lesions (small hemorrhages on the palms and soles) 
●
Roth spots (retinal hemorrhages with a pale centre)
5.
Splenomegaly is seen in up to 30% of cases.


A. 
Splinter hemorrhages.  
B.
Conjunctival petechiae. 
C.
Osler’s nodes
D
Janeway lesions. 1


“Roth spots”

Roth’s spots, or white-centered retinal hemorrhages, may be seen in a variety of conditions, including leukaemia, subacute bacterial endocarditis, ischemic events associated with elevated venous pressure, and systemic vascular conditions with capillary fragility. 

Investigations
Blood tests:
1.
FBE: 

●
There will often be a normochromic normocytic anemia.

●
Leukocytosis is seen in acute cases but may be absent in subacute cases.

●
Thrombocytopenia may occur, but is uncommon.
2.
Inflammatory markers:

●
CRP is elevated.

●
ESR is elevated (in virtually all cases).
3.
U&Es and glucose.

Blood cultures 
These are crucial to making the diagnosis of bacterial endocarditis. The patient’s best chance of recovery is dependent on isolation of the causative organism, which then enables optimal therapy. If no prior antibiotics have been given, blood cultures are positive in 90-95 % of cases, often in the first two sets.
●
Three sets of aerobic and anaerobic blood cultures should be taken from separate venepuncture sights within the first 1 to 2 hours of presentation prior to the start of empirical antibiotics. The timing of this, however, depends entirely on how unwell the patient is. 
●
When severe illness demands urgent antibiotics, the 3 sets may be taken over 20 minutes, before they are given. In very urgent cases 3 sets of cultures can be taken from 3 separate venepuncture sites not separated in time. 1
●
Blood cultures should be taken regardless of the patient’s temperature. The often quoted dictum “blood culture when the patient has fever”, does not apply with endovascular infections when bacteraemia is continuous.
●
If an unusual organism is suspected (e.g. fungal), inform laboratory staff to ensure 
optimal culture methods.
●
Arterial and venous blood are equally likely to be infected.
●
The polymerase chain reaction can be used to identify un-culturable organisms in 
excised vegetations or systemic emboli.

CXR
●
Cardiomegaly, signs of cardiac failure.
ECG
●
Arrhythmias.
Echocardiography
Echocardiography: apart from blood cultures this is the next most important investigation.
●
TTE may be diagnostic.
●
TOE has much higher sensitivity and specificity for endocarditis and should be done if TTE is inconclusive.
●
A negative TOE study, however, does not absolutely exclude the diagnosis or the 
need to start treatment if clinical suspicion remains high.
Making the Diagnosis
The diagnosis is made on:
●
An index of clinical suspicion.
●
Blood cultures.
●
Echocardiographic investigations
Diagnosis may be based on the “Modified Duke’s Criteria”, as in appendix 1 below.
Management
1.
Antibiotic treatment: 
●
Staphylococcus aureus is commonly the pathogen in fulminant bacterial endocarditis.
●
Antibiotics need to be given intravenously, in high dose and for prolonged periods.
●
The recommended empirical regime is: 
IV flucloxacillin and
IV benzyl penicillin and 
IV gentamicin

●
Vancomycin (& gentamicin) is indicated if:
(
The patient has a prosthetic cardiac valve, pacemaker or intracardiac device in situ 
(
The patient has a health care–associated infection 
(
The patient has immediate penicillin hypersensitivity.
(
Community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) is suspected. (CA-MRSA endocarditis is still rare, although other CA-MRSA infections are becoming increasingly common.) 
2.
Surgical intervention needs to be considered in certain circumstances.
●
Acute valvular destruction with consequent congestive cardiac failure or frank pulmonary edema.
●
Uncontrolled infection despite optimal medical treatment.
●
Relapse after optimal therapy in prosthetic valve endocarditis.
●
Unstable prosthesis
●
Vegetations larger than 10 mm.
●
Perivalvular extension of endocarditis.
3.
There should be also be referral and close collaboration with:
 
●
The microbiology department.
●
Infectious diseases physician.

●
Cardiologist.

●
ICU, if the patient is unwell.

ABDOMINAL PAIN (UNDIFFERENTIATED)
Introduction
Undifferentiated abdominal pain is a common presentation to the Emergency department. 
Important issues will include:
1.
How unwell is the patient?
2.
What analgesia does the patient require?
3.
Does the patient have particular risk factors:
●
That will make clinical assessment difficult.
●
For certain conditions.
4.
How should the patient be investigated.
5.
Does the patient require a surgical opinion?
6.
Does the patient need ongoing observation / admission to hospital?
7.
The importance of a follow up plan in patients who are to be discharged.
Pathology
Differential Diagnoses of abdominal pain:
The possible causes are very many, but it is important to consider a wide range of possibilities, when the diagnosis is unclear:

The following is not exhaustive, but important conditions include:
●
Peptic ulcer disease
●
Gastritis
●
Cholecystitis
●
Biliary colic
●
Pancreatitis
●
Appendicitis
●
Diverticulitis
●
Bowel obstruction
●
Hernias 

♥
Inguinal/ umbilical/ internal
●
Intussusceptions

♥
Usually seen in children
●
Perforation of a hollow viscus, (from any cause)
●
Mesenteric ischemia
●
Abdominal aortic aneurysm:

♥
Acute expansion/ rupture.
●
Acute hepatitis
●
Renal colic:
♥
Typically this is more pronounced in the flanks, but stones at the VUJ 
can result in pain that is more pronounced in the iliac fossae.
●
Urinary tract infection (UTI)
●
Spontaneous intra-abdominal hemorrhage:

♥
Is the patient on warfarin or other anticoagulant?
●
Unrecognized or unreported trauma.
●
Female pelvic conditions:
♥
Ectopic pregnancy
♥
Complications of ovarian cysts
♥
Torsion of ovary

♥
Endometriosis

Differential Diagnoses of Non Abdominal causes:
Always consider the possibility of a non-abdominal problem including:
Organic causes:
●
ACS (especially inferior myocardial infarction, in cases of epigastric pain).
●
Lower lobe lung pathology such as pneumonias or pulmonary embolism
●
Metabolic disturbances:
♥
DKA
♥
Hypercalcemia
♥
Porphyria
●
Opioid withdrawal.
Non organic causes:
●
Anxiety / depression
●
Narcotic seeker
●
Psychiatric patients
●
Munchausen syndrome
●
Secondary gain measures
Clinical Assessment
Important points of history
●
The degree of vomiting
●
An inability to eat or drink
●
Co-morbidities
●
Past abdominal operations
●
Is the patient a recurrent presentation?
♥
The threshold for investigation and admission must be lower.

Significant Examination Findings:
Significant examination findings include:
●
Abnormal vital signs
●
Altered conscious state
●
Signs of dehydration
●
Signs of “peritonism”
♥
Guarding, (voluntary or involuntary)
♥
Rebound tenderness 
♥
Rigidity 
Risk Factors Making Clinical Assessment Difficult
Beware of the following high-risk circumstances, where the threshold for admission and investigation should be much lower as signs and symptoms are difficult to interpret and will often be atypical:
1.
The very young.
2.
The elderly: 
●
In particular the possibility of mesenteric ischaemia should be kept in mind
3.
Pregnancy 
●
Especially when advanced.
4.
Patients on steroids/ immunosuppressive drugs 

●
The signs of inflammation are masked.

5.
Immunosuppressed patients:
●
HIV/ chemotherapy/ malignancy
6.
Communication difficulties, which may include:
●
Language barriers
●
Confused or altered conscious state.
●
Intellectually impaired.
●
Psychiatric patients.
●
Extremes of age.
6.
Those with neurological deficits:
●
Such as spinal cord injury.

Does the patient have risk factors for certain conditions?
These can include the following:
●
Elderly patients with AF:

Mesenteric ischemia.

●
Patients with known gallstones: 
Calculus cholecystitis


●
Elderly, diabetics, ICU patients:
Acalculus cholecystitis.

●
Gallstones, alcoholics: 

Pancreatitis



●
Known peptic ulcer/ NSAIDs 
GIT perforation


●
Previous abdominal surgery:

Bowel obstruction


●
Any female of child bearing age:
Ectopic pregnancy.
The patient with minimal abdominal signs:
Note that an apparent lack of abdominal signs does not necessarily mean that there cannot be significant intra-abdominal pathology. 
Important scenarios where pain appears to be out of proportion to the clinical signs include:
●
The patient that is difficult to assess, ( as in the above high risk situations)
●
Pancreatitis
●
Mesenteric ischemia

Investigations
The extent of investigation will be determined by:
●
The index of suspicion for a certain condition as guided by clinical assessment.
●
How unwell or unstable the patient is.
●
Underlying risk factors (as above)

Investigations to be considered will include the following:
Blood tests:
1.
FBE

●
Look for an elevated WCC
2.
CRP
●
An elevated level increases suspicion for significant underlying 
pathology
3.
LFTs
4.
Lipase: 
●
This should always be considered, pancreatitis is often diagnosed unexpectedly. 
5
Beta HCG: 
●
Important in any female of child bearing age. 
6.
U&Es/ glucose
●
May indicate how unwell the patient is, (dehydration, renal impairment)
●
Glucose (DKA)

●
Calcium level:


♥
Hypercalcemia can be a cause of ill defined abdominal pain 
7.
ABGs, (and lactate levels) 
●
If the patient is unwell and/or if mesenteric ischemia is suspected.
8.
Troponin:
●
This always needs to be considered in the differential diagnosis of upper abdominal pain that are difficult to asses and have high risk for ACS.
FWT
●
Should usually be done as a “screen” for possible urinary tract pathology.
ECG:
●
To help rule out possible myocardial ischemia.

Plain Radiology:
CXR: 
●
For free gas under the diaphragm.
●
For lower lobe pneumonias which may be mimicking upper quadrant abdominal pain.
AXR, (erect and supine):
Note however that plain AXR has very low sensitivity and specificity for the diagnosis of abdominal pain, particularly in the elderly.
A normal AXR series does not entirely rule out a bowel obstruction, especially if the patient has significant abdominal signs / symptoms. There may be a proximal bowel obstruction or a “closed loop” of bowel. There may actually be one dilated loop of bowel or perhaps a few short fluid levels (i.e. technically within “normal” limits). This may be a still a significant finding if the patient has significant pain / vomiting)
Ultrasound:
Especially for:  
●
Biliary tract disease
●
Gynecological problems (ectopic pregnancy or complicated ovarian cysts) 
●
Unstable suspected AAA.
●
Pancreatic disease. 
●
Intra-abdominal blood/ fluid.
CT scan:
This is particularly useful, as diagnostic yield is far greater than plain radiography.
It is especially in: 
●
Unwell patients where the diagnosis is unclear
●
Elderly patients where the diagnosis is unclear
Conditions which may be diagnosed include:
●
Suspected diverticular disease.
●
Suspected appendicitis
●
Suspected GIT ischemia, (including CT angiography)
●
Intra-abdominal abscess collections. 
●
Suspected AAA, where the patient is relatively stable.
●
Suspected renal tract pathology.

Ideally  radiologists prefer to do oral and IV contrast studies, however:
●
Many patients may not be able to tolerate oral contrast due to vomiting or because they are too unwell. 
●
Some patients may not be able to have IV contrast because of renal impairment or contrast allergy. 
A non-contrast CT scan can still be done in these cases.
This may not give ideal images, however much valuable information can still be ascertained, with respect to perforation, bleeding or bowel obstructions
Recent work has demonstrated the usefulness of non-contrast CT scanning in undifferentiated abdominal pain, and its superiority over traditional plain AXR. 

CT scanning involves greater radiation dosing than AXR, however, on a risk-benefit basis this is of much less concern in the elderly. 

In younger patients the technique of low dose CT abdominal scanning is currently receiving some interest and has shown some encouraging results. 

Management

Initial management in the ED will include:
1.
Attention to any immediate ABC issues.
2.
IV fluids:

These should be commenced where:

●
There are clinical signs of dehydration
●
There have been protracted fluid losses on history, (vomiting / diarrhea) and/ or poor oral intake
●
The patient is unwell
●
Prolonged stays in the Emergency department where the patient remains nil by mouth.
3.
Analgesia:
Despite the teachings of traditional "wisdom", analgesia does not hinder the diagnostic process in abdominal pain.
Any patient who has significant pain should receive adequate and timely analgesia.
Patients should not be denied analgesia whilst awaiting surgical opinion.

For severe pain use: 
Morphine:
Morphine 2.5 to 5mg IV as an initial dose, then titrated to effect every 5 to 10 minutes with further incremental doses of 2.5 to 5mg IV In elderly patients or those with cardiorespiratory compromise, an initial morphine dose of less than 2.5mg IV and incremental doses of 0.5 to 1mg should be considered.
Patients should be reassessed to determine if the dose has been effective or if there are any adverse effects (especially sedation).
Fentanyl:
If morphine is contraindicated, consider fentanyl at 25 to 50 micrograms IV as initial equivalent dose

For less severe pain use: 
●
Paracetamol 1gram orally 4 hourly prn (to a maximum dose of 4 gram per 24 hour period) If the oral or rectal routes are contraindicated, paracetamol can be given IV 1gram 6 hourly
With or without:
●
Oxycodone immediate release 5 to 10 mg orally 4 to 6 hourly prn

Note that:
●
Opioids may reduce the patient’s symptoms and only somewhat reduce the signs but they will not alter their localization.
●
Fasting patients (nil by mouth) may be administered oral analgesia 
unless they have (or are suspected of having) any of the following conditions:
♥
Bowel obstruction
♥
Perforated viscus
♥
Compromised swallow e.g. stroke
♥
Compromised airway.

●
Buscopan, may be useful for non-specific intestinal colic, but is best 
avoided in cases of true obstruction or ileus.
4.
Antiemetics:
Options include:
●
Prochlorperazine 12.5 mg IV

♥
Can be sedating.
●
Metoclopramide 10mg IM/IV
♥
But best avoided in cases of mechanical obstruction or perforation as it induces gastric emptying.
●
Ondansotron 4 mg IV

Disposition:
Following clinical assessment and investigation there often remains a group of patients in whom no clear diagnosis can be made.

If the diagnosis remains unclear following initial assessment and investigation in the ED, the patient may be considered for discharge providing:

●
They are well, ie do not appear to have any significant examinations findings.

APPENDICITIS

Introduction
Appendicitis may occur at any age, however it is rare below the age of 2 years and uncommon in the elderly.
The maximum incidence is around 20 to 30 years of age.
Diagnosis can be problematic and a period of close observation may sometimes be required before the diagnosis becomes apparent.
The Alvarado score is useful for clinical risk stratification of suspected appendicitis.

Pathophysiology
The predominant cause is obstruction of the appendiceal lumen by: 
●
Fecolith
Rarely:
●
Lymphoid hyperplasia 
●
Foreign body.

Complications: 
These may include:
●
Abscess formation.
●
Perforation with peritonitis 
●
Septicaemia.
Clinical Features
Important points of history:
1.
GIT symptoms:
●
Anorexia (common). 
●
Vomiting (but not usually protracted).
2.
Pain:
●
Initially referred and poorly localized to the umbilicus.
●
Later localized to the RIF, at McBurneys point (1/3 of the way from the ASIS to the umbilicus).
Important points of examination:
1.
General appearance:

●
Circumoral pallor is commonly seen.  
2.
Low grade fever:
●
This may (or may not) be present. 
●
If the temperature is high do not assume that it can’t be appendicitis! 
High fevers may indicate complications such as abscess or peritonitis.
3.
Tachycardia.
4.
RIF tenderness.
5.
Signs of peritonism:
●
Local guarding, (voluntary or involuntary)
●
Rebound tenderness (percuss the abdomen)
●
Tenderness to percussion.
●
Generalized rigidity is suggestive of perforation. 
6.
Less common signs may include:
●
Dysuria
●
Psoas spasm
●
Obturator muscle irritation (with hip flexed and internally rotated)
●
Rovsing’s sign.
7.
Rectal examination:
●
This is of little value, (it is non specific, non sensitive and does not alter management) and is not routinely necessary.

Atypical Presentations:
Atypical presentations of appendicitis are relatively common!
Beware of the following clinical settings where the presentation of appendicitis may be atypical:
1.
Extremes of age:
●
Elderly.
●
Very young.
2.
Patients on steroids or other immunosuppressants 
●
These suppress the usual signs and symptoms of inflammation.
3.
Pregnancy
●
Especially late, where signs may be referred to the RUQ.
4.
Obesity
5.
Unusual position of the appendix.
●
Retrocecal for example.
6.
Patients with impaired ability to communicate, (for whatever reason).
The Alvarado Risk Stratification Score for Possible Appendicitis

The Alvarado score for risk stratification in suspected acute appendicitis. 1
Feature





Value
Symptom: 
Migration 





1
Anorexia-acetone (in the urine) 


1
Nausea-vomiting 




1
Signs:
Tenderness in right lower quadrant 


2
Rebound pain 





1
Elevation of temperature (>37.3°C)


1
Investigations:
Leukocytosis (>10,000/mm3) 


2
Shift to the left (>75% neutrophils) 


1
Total score 10

Score:
1-4 

Appendicitis unlikely
5-6 

Appendicitis possible
7-8 

Appendicitis probable
9-10 

Appendicitis very probable
Differential Diagnosis:
The list of possible differential diagnoses is extensive and may include:
1.
Ectopic pregnancy.
2.
Tubo-ovarian pathology
3.
Mittlesmertz pain
4.
Other GIT conditions including:
●
Crohns disease, mesenteric adenitis, meckel’s diverticulum, cecal volvulus, gastroenteritis, irritable bowel and diverticulitis.
5.
Urinary tract:
●
e.g. renal colic or UTI.
6.
Muscular:
●
This may include round ligament strain seen in pregnancy.
7.
Referred pain from another area
●
An important consideration in males is referred testicular pain.

Investigations
None are necessary if the clinical findings are very suggestive, apart from a bHCG in all women of childbearing age.
When the diagnosis is less certain investigations may be helpful in confirming the diagnosis and in ruling out alternative differential diagnoses.

The diagnosis may ultimately need to be a clinical one. A good history and clinical evaluation are therefore most important.
The following may be considered:
Blood tests
●
BHCG is mandatory in all women of childbearing age.

●
FBE (neutrophilia is suggestive)
●
CRP (an elevated level is suggestive)
●
U&Es/ glucose
FWT
●
To aid in excluding UTI.
AXR/CXR
●
This will predominantly be to rule out other causes of abdominal pain such as obstruction or perforation.
Ultrasound
●
Pelvic ultrasound is useful in females, to help rule out other tubo-ovarian pathology. 
●
It is useful in children, where ionizing radiation of a CT scan is avoided
●
It is useful in those with radiographic contrast allergy
●
It may show evidence of appendicitis.
●
A normal pelvic ultrasound, however, does not rule out appendicitis.

CT scanning 
●
This is more sensitive than ultrasound and is also useful in ruling out other pelvic pathology.
●
Again it cannot definitively rule out appendicitis.

Laparoscopy

●
In women an exploratory laparoscopy may be considered.

Management 
For suspected cases of appendicitis:
1.
Initial resuscitation:
●
IV line and fluids as clinically required.
2.
Nil orally.
●
Continue IV fluids, as clinically indicated.
3.
Analgesia as required.
●
If required, this should not be withheld, whilst awaiting surgical opinion. Opioids may lessen symptoms, but will not generally obscure the signs of peritonism.
4.
IV antibiotics: 
These should be given immediately if the patient is systemically unwell.
They are also given pre-operatively once it has been decided to operate. Meta-analysis of trials has shown that prophylaxis is appropriate in all patients undergoing abdominal surgery. 
●
IV Cephalothin 
And
●
IV Metronidazole
5.
Refer all suspected cases to the surgical unit.
Disposition Considerations:
●
Once the diagnosis of appendicitis is made, then operation will be necessary. In less certain cases patients may be admitted for a period of ongoing observation.

ACUTE CHOLECYSTITIS

Introduction
All cases of acute cholecystitis will require IV antibiotics and admission to hospital under the surgical unit.
Emphysematous cholecystitis is the most serious presentation and all cases will require operation.
Note that for cases of persistent RUQ pain, (greater than 4 hours) there must be a high index of suspicion for early cholecystitis, even if blood tests are normal and there is no significant tenderness. The absence of physical findings does not necessarily rule out the diagnosis of cholecystitis. Many patients present with diffuse epigastric pain without localization to the RUQ.
Pathophysiology
Organisms:
Causative organisms of acute cholecystitis include:
●
Aerobic bowel flora (eg Escherichia coli, Klebsiella species and, less commonly, Enterococcus faecalis). 
●
Anaerobes are found infrequently, unless obstruction is present.
Less commonly:
●
Salmonella species, (including typhi)
●
Gas forming organisms, such as clostridia species are responsible for emphysematous cholecystitis

Classification:
There are 3 types of acute cholecystitis:
1. Acute calculus cholecystitis.
●
This is due to cholecystitis in association with gallstones.
●
It is by far the commonest cause.
2. Acute acalculus cholecystitis.
This is cholecystitis, which occurs in the absence of gallstones. It is less common than calculus cholecystitis. 
Predisposing factors include:
●
Obstructed bile ducts (other than that due to gallstones eg biliary sludge)
●
Major stress reactions:
♥
eg: Trauma, burns, major surgery, severe illness in general. It may be seen as a complication in very unwell ICU patients.
● 
De novo bacterial infection:
♥
Salmonella typhi or that due to gas forming clostridial organisms, seen in elderly, diabetics or again in major illness.
3.
Emphysematous cholecystitis:
●
 Emphysematous cholecystitis (also known as “gangrenous”) may occur in association with gallstones or without gallstones.
●
There is distension of the gall bladder with gas forming organisms, (usually clostridial). Evidence of gas may be seen on plain x-ray (see below)

●
This condition is relatively rare.
●
It is a surgical emergency with high mortality and requires urgent operation.

Complications:
1. Associated pancreatitis,:
●
Especially with calculus cholecystitis.
2. Ascending cholangitis:
●
Associated with impacted gallstones
3. Generalized septicaemia.
4. Gangrene and perforation:
●
More common in cases of acalculus and emphysematous cholecystitis with subsequent peritonitis.
5. Fistula formation into bowel.
6.
Adjacent lung atelectasis.
Clinical Features:
1.
Fever.
●
Although fever may not be present, especially in the initial stages of cholecystitis. 
2.
GIT upset:
●
Nausea, vomiting and anorexia
3.
Right upper quadrant pain:

●
There may be some radiation to the back.
●
In distinction to uncomplicated attacks of biliary colic, the patient tends to remain still, due to inflammatory “peritonism”.
●
Biliary colic pain that has been prolonged, (4-6 hours or longer) is likely to have some degree of cholecystitis.
4.
Right upper quadrant tenderness:

●
There may be some associated voluntary / involuntary guarding.

●
A positive “Murphy’s sign” may be seen.
●
Note however that for cases of persistent RUQ pain, (greater than 4 hours) there must be a high index of suspicion for early cholecystitis, even if blood tests are normal and there is no significant tenderness. 
The absence of physical findings does not necessarily rule out the diagnosis of cholecystitis. Many patients present with diffuse epigastric pain without localization to the RUQ.
5.
There may be a history of previous attacks of biliary colic or of documented gallstones.
Investigations:
Blood tests:
●
FBE, (elevated WCC, but this is not always present in early stages)
●
CRP
●
U&Es and glucose
●
Lipase

♥
It is important to rule out associated pancreatitis. 
●
LFTs
●
Blood cultures if the patient is unwell.
ECG:
●
Help rule out possible cardiac conditions (as a differential diagnosis).

FWT:
●
To help rule out pyelonephritis (as a differential diagnosis)
CXR / AXR (erect and supine): 
●
Useful for ruling out other causes of lower chest, or abdominal pain.
●
There may be indirect indicators of cholecystitis, including:

♥
Sentinel bowel loops.

♥
Basal lung atelectasis.

♥
Gall stones, (the majority will be radiolucent, however)
●
In cases of emphysematous cholecystitis radiological signs may be detectable on the plain x-ray film, (see below)

A plain film obtained while the patient was upright shows an air-fluid level in the lumen of the gallbladder (arrow) and gas in its wall (black arrowheads.) There is diffusion of gas around the gallbladder and beneath the liver (white arrowheads). Emergency cholecystectomy was performed. Laparotomy showed emphysematous cholecystitis, with perforation of the gallbladder into the right side of the retroperitoneal space in association with an obstructing stone. 2
Upper abdominal ultrasound:
This should be done in all cases of suspected acute cholecystitis. It will confirm the diagnosis and detect the presence of gallstones. 

Ultrasound showing a grossly thickened gallbladder wall of 12.8mm measured between the callipers, (normally up to 3mm) with calculi (yellow arrow) within the gallbladder and pericholecystic fluid. 

Ultrasonic signs of cholecystitis include:
●
Thickened gallbladder wall, (greater than 3 mm)
●
Positive ultrasonic Murphy’s sign, (tenderness on direct probe pressure). 
●
The presence of pericholecystic fluid, (from perforation or exudate).
●
Air in the gall bladder wall suggests emphysematous (or gangrenous) cholecystitis.
Radionuclide Scan:
●
This has superior diagnostic accuracy and specificity compared to ultrasound, however is rarely needed. It can be used to clarify a negative, equivocal or technically difficult ultrasound in the presence of continued clinical suspicion of acute cholecystitis. 
CT Scan:
●
This is not the first line investigation of choice for biliary tract disease. It is less reliable in detecting gallstones than is ultrasound. It is more useful when the diagnosis is unclear and a range of important intra-abdominal conditions need to be ruled out. It may be done if ultrasound results are equivocal. It is sensitive in detecting emphysematous cholecystitis.
ERCP:
●
This provides both endoscopic and radiographic visualization of the biliary tract. 

It can be diagnostic as well as therapeutic (by direct removal of common bile duct stones).
Management
1.
Narcotic analgesia as indicated.
2.
Keep the patient fasted.
3.
IV fluids.
4.
IV antibiotics: 

●
Cefotaxime / ceftriaxone And Metronidazole (should be added if there is evidence of obstruction)
Alternatively: 
●
Tazocin (piperacillin + tazobactam) or Timentin (ticarcillin + clavulanate)
Ciprofloxacin is an alternative for those who are allergic to penicillin.
5.
Surgery:
●
Most uncomplicated cases of cholecystitis are treated with antibiotics in the first instance before surgery is contemplated. 
●
Emphysematous cholecystitis requires urgent operation in all cases. 
Disposition

Septic and unwell patients, including cases of emphysematous cholecystitis should also be referred to HDU/ICU.

ACUTE LIVER FAILURE
Introduction
Acute Liver Failure is defined as acute hepatic dysfunction that leads to:

●
Encephalopathy
 AND ●
Coagulopathy

Pathophysiology
Causes in previously “well” patients:
1. Acute Viral hepatitis
●
Hepatitis A
●
Hepatitis B
●
Hepatitis D, (in chronic hepatitis B patients)
●
Hepatitis E, (obtained from overseas travel especially to Asia, Sth America)
●
Rarer causes include CMV, EBV.
2. Toxins, including:
●
 Mushroom poisoning (Amanita Phylloides)
●
Some herbal remedies
●
Industrial chemicals, CCl 4
3. Drugs, including:
●
Paracetamol
●
Idiosyncratic reactions to a wide variety of drugs, halothane, isoniazid, phenytoin, sulphonamides.
Other causes of acute liver failure are rare, but include:
4. Pregnancy associated ALF:
●
Fatty liver of pregnancy in association with severe PET / eclampsia.
●
HELLP syndrome
5. Reye’s syndrome, (in children)
6. Severe hyperthermia of any cause.
7. Severe hypotension of any cause.
8. Acute hepatic vein occlusion, (Budd-Chiari syndrome)
9. Fulminant Wilson’s disease.
10. Autoimmune chronic active hepatitis.

Causes in patients with previously stable chronic liver disease:
An acute insult occurring in a patient with chronic liver disease may also precipitate apparent acute hepatic failure. 

For both prognostic and therapeutic reasons it is extremely important to differentiate such cases from true fulminant liver failure (which by definition occurs in a previously normal liver). 

Important clues to help distinguish this entity from true fulminant liver disease are signs of chronic liver disease, evidence of portal hypertension such as splenomegaly and the lack of a major ALT rise (indicating severe acute hepatitis).

Insults which may precipitate an acute deterioration in a patient with chronic liver disease include:
1.
Sepsis (including Spontaneous Bacterial Peritonitis.)
2.
Hepatotoxins, especially alcohol, paracetamol, NSAIDS, antibiotics (Flucloxacillin, Augmentin), 
3.
Nephrotoxins (precipitates hepatorenal syndrome): Gentamicin, IV contrast, NSAIDS
4.
Portal or hepatic vein thrombosis
5.
Dehydration (excess diuretics, poor oral intake, hot weather)
6.
Increased nitrogenous load
●
GIT bleeds
●
Constipation
●
Increase dietary protein
●
Uremia (bacteria in gut, will produce more ammonia from this urea source).
7.
Hypokalaemia (loop diuretics, severe diarrhoea)
8.
Sedative drugs
9.
Hypotension/liver ischaemia
10.
Super imposed acute viral hepatitis (patients with chronic liver disease should be vaccinated against hepatitis A and B)

Further notes on causes:
●
The two most common causes of acute liver failure are viral hepatitis and toxins.
●
Acute hepatitis A is usually more severe in adults than in children and can be life threatening in the elderly or in people with associated medical conditions such as diabetes, renal failure, etc. If the patient survives the acute stage, the liver recovers completely. 
●
Hepatitis C does not usually cause acute hepatitis or fulminant liver failure. 
●
Other rare causes of acute viral hepatitis are hepatitis D, CMV, & EBV viruses. They are unlikely to cause acute liver failure unless the person has an underlying liver disease or is immunocompromised.
●
The most common cause of toxic liver failure is paracetamol overdose. It is important to recognize that the use of paracetamol regularly in the “therapeutic” dose can lead to liver failure in the frail, fasting, and septic patients. The toxic effects of paracetamol are enhanced by chronic alcoholism. 
●
In a number of patients presenting with fulminant or subacute liver failure a cause is not found after exhaustive investigations and thorough questioning. It is debatable whether these represent a yet undiscovered viral hepatitis, or exposure to an environmental toxin. The prognosis of these patients is not favourable and they often require liver transplantation.

Complications of Acute Liver Failure
These include:
1.
Hepatic encephalopathy

●
A toxic cerebral edema.
2.
Coagulopathy
3.
Metabolic disturbances, including hypoglycemia, lactic acidosis
4.
Infection
5.
Altered drug handling
6.
Ultimately multiorgan failure 
●
CVS (a shock state with decreased systemic vascular resistance).
●
ARDS
●
Renal failure (hepato-renal syndrome).
Death may occur from multi-organ failure, even when the liver has begun to recover.

Clinical Assessment
Two important features of clinical assessment include:
●
Grading of the Hepatic Encephalopathy
●
The “Child-pugh grading” system to assist in prognostication

Grading of the Hepatic Encephalopathy
●
Hepatic encephalopathy is classified by severity into 4 grades.
●
There is a progression of deteriorating cerebral function and increasing cerebral edema.
●
Various toxic substances arising from the GIT, (eg. ammonia, mercaptans, fatty acids, phenols, GABA) have been implicated in the condition. 
●
There is a rough correlation of severity with arterial ammonia levels.

Clinical signs include:
●
Fluctuating neurological signs
●
Altered conscious state
●
Flapping tremor
●
A distinctive EEG
●
Hyperventilation is common early and can result in significant respiratory alkalosis

	GRADE


	FEATURES

	I
	Mild or episodic drowsiness, impaired intellect concentration and psychomotor function, but rousable coherent.



	II
	Increased drowsiness with confusion and disorientation, rousable and conversant.



	III
	Very drowsy, disoriented, responds to simple verbal commands, often agitated and aggressive.



	IV
	Responds to painful stimuli at best, but may be unresponsive.  May have additional signs of raised ICP.




The “Child-pugh grading” system

	CLINICAL OR BIOCHEMICAL PARAMETER


	PATIENTS SCORED FOR INCREASING ABNORMALITY



	
	1
	2
	3



	Encephalopathy Grade


	None
	1 & 2
	3 & 4

	Ascites


	None
	Some
	Large

	Bilirubin (mmol/L)


	17-35
	35-50
	> 50

	Albumin (gm/L)


	> 35
	28-35
	< 28

	Prothrombin Time secs. Increased


	1-4
	4-6
	> 6


Class A: 5-6 points
Class B: 7-9 points
Class C: 10-15 points
Also used for assessing suitability for operation.

Investigations

The following investigations need to be considered in the patient who presents in acute liver failure:
Blood tests:
●
FBE
●
U&Es and Glucose
●
LFTs
●
Coagulation profile
●
ABGs (including arterial ammonia levels)
●
Paracetomol level
●
Alcohol level
CXR
●
Look for a source of sepsis
ECG
●
Routine in any unwell patient
Septic workup 
●
Urine micro and culture
●
Blood cultures
Ascitic tap 
●
If ascites is present and after correcting severe coagulopathy, this may be considered to rule out “spontaneous bacterial peritonitis”.

Non contrast CT scan brain 
●
This must be done to rule out other possible causes of confusion.
●
IV contrast agents should be avoided as these could precipitate hepatorenal failure
Abdominal US and Doppler study 
●
If hepatic or portal vein thrombosis suspected

Management
Initial measures include:
1.
Attend to any immediate “ABC” considerations as the first priority.
2.
IV fluid resuscitation 
●
Should be given cautiously in view of the risk of precipitation of cerebral edema. 
3.
Establish Monitoring 
●
ECG
●
Pulse oximetry 
●
Others as clinically indicated
4.
Correction of electrolyte disturbances, hypoglycemia.
After initial stabilization, treatment is directed toward:
5.
The cause (if possible)
6.
Supportive measures.
7.
Consideration for transplantation.

Therapeutic measures may include:
1.
Control of cerebral edema in more advanced cases of encephalopathy. 
●
This is usually done in ICU, eg Mannitol, ICP monitoring.

2.
Control of coagulopathy
●
Early use of FFP / blood only if bleeding. Treatment of mild to moderate coagulopathy (eg INR<6) in the absence of bleeding is unnecessary, may cause fluid overload and makes assessment of severity of liver failure more difficult
●
Platelets, consider only if < 20,000 and bleeding (rarely required)
●
Parenteral vitamin K 10mg IV daily
3.
Aggressive search for and treatment of any sepsis. 
●
In a rapidly deteriorating patient empirical antibiotics are often given (eg IV ampicillin and cefotaxime) to cover enteric organisms as gram negative and enterococcal bacteraemia until sepsis is excluded. 
4.
Treatment of encephalopathy 
●
Consider lactulose 15-30 ml tds, and increase the dose till 2-3 diarrhoea motions per day in patients with encephalopathy
●
Decrease protein intake
5. Prevent and treat GIT bleeding. 
●
Commence H2 antagonist or PPI therapy to prevent peptic ulceration 
6. Supportive measures
●
Renal, respiratory and cardiovascular support as clinically indicated.
7.
Avoid nephrotoxic agents that may precipitate hepatorenal failure, in particular:
●
IV contrast agents
●
Gentamicin
●
NSAIDS

Disposition and referral issues
●
This condition is best managed by a specialist or in consultation with a specialist unit.

●
There should be early consultation with ICU since both the respiratory and circulatory status of these patients can deteriorate rapidly. 

●
Consider the need for further specialist management, this is best discussed with a gastroenterologist. It is essential that the Liver Transplant Service is notified early of patients with fulminant liver failure. Late transfer of patients with established coma and cerebral edema is extremely hazardous.  

●
For patients with acutely decompensated chronic liver disease, the decision to admit to ICU will depend on a number of factors including the presence of a reversible precipitating event, long term prognosis, co-morbidity and whether the patient is a candidate for transplantation.
ACUTE PANCREATITIS
Introduction
Acute pancreatitis can be a difficult diagnosis to make, unless the condition is specifically considered.
A serum lipase should always be considered in any patient with epigastric pain, especially if they have well recognized risk factors for the condition such as gall stones or alcohol abuse.  

Pathophysiology 
Causes:
The commonest causes include:
1.
The most common cause of acute pancreatitis is gallstones passing into the bile duct and temporarily lodging at the sphincter of Oddi. 
2.
Alcohol abuse is the second most common cause.
3.
Post-ERCP
4.
Idiopathic in up to 10 % of cases. Occult microlithiasis (or “biliary sludge”) may be responsible for many cases of idiopathic acute pancreatitis.
Other causes are much less common:
5.
Trauma.
6.
Infection:
●
Several infectious diseases (mostly viral) may cause pancreatitis that usually is mild.

●
HIV is being increasing recognized as a cause.
7.
Drugs:
●
Many have been implicated.
8.
Metabolic:
●
Hypercalcemia from any cause can lead to acute pancreatitis

●
Hypertriglyceridaemia 
9.
Malignancy (rarely).
10.
Auto-immune conditions.
11.
Abnormal anatomy: 
●
Pancreatic divisum.
Complications
Acute systemic:
Hemorrhage, necrosis and infection may all occur leading to more severe systemic complications.
1.
Hypovolemic shock, due fluid loss and / or hemorrhaging.
2.
Acute renal failure.
3.
Pulmonary:
●
ARDS.
4.
DIC
5.
Electrolyte disturbances including: 
●
Hyperglycemia
●
Hypocalcemia. 

●
Hypokalemia, in cases of persistent vomiting.
6.
Septicemia
●
particularly in association with pancreatic necrosis. 
7.
Ultimately multi-organ system failure.
●
particularly in association with pancreatic necrosis. 
Long term local sequelae:
1.
Phlegmon
●
This is essentially an inflammatory mass.
2.
Abscess 
●
Abscess formation may occur within 2-3 weeks.
3.
Pseudocyst 
●
This may form within 2-3 weeks. 
●
It is fluid sequestration into the lesser sac. 
●
It may cause compression of adjacent tissues, hypovolemia, infection, rupture (with consequent hemorrhage) or fistula formation.
Chronic sequelae:
●
Chronic pancreatitis may rarely occur with attendant problems of malabsorption and diabetes. 

Clinical Features
Important Points of History:
1.
Abdominal pain
●
The cardinal symptom of acute pancreatitis is epigastric pain.
●
The pain may be perceived more on the left or right side, depending on which portion of the pancreas is involved.
●
The pain radiates to the back in approximately one half of the cases.
●
The pain may be aggravated by meals or by lying supine and may be somewhat relieved by sitting up and leaning forward.
●
The duration of pain is variable but typically longer than a day.
●
Persistence of pain may indicate local complications. 
2.
Associated nausea and vomiting are common.
3.
Risk factors:

In particular:

●
Alcohol
●
Biliary tract disease

Important Points of Examination:
1.
Assess any immediate ABC issues. Check for signs of circulatory shock and /or septicemia.
2.
Fever and tachycardia are common abnormal vital signs.
3.
Abdominal findings include:
●
Tenderness, (mild to severe). 
●
Guarding.
●
Distension, (due to ileus). 
●
Bowel sounds may be reduced or absent.
4.
A few uncommon physical findings are associated with severe necrotizing pancreatitis:
●
The Cullen sign is a reddish-brown discoloration around the umbilicus, resulting from hemoperitoneum.
●
The Grey-Turner sign is a reddish-brown discoloration along the flanks, resulting from retroperitoneal blood dissecting along tissue planes.
5.
Check for any respiratory distress
●
This which may be caused by hypoventilation due to the pain of the adjacent inflamed tissues, or may be due to a more serious condition, such as ARDS.

Investigations
Blood tests:
1.
FBE
2.
CRP
Levels above 150mg/L at 48 hours predict a severe attack.
3.
U&Es and glucose
4.
Calcium level.
5.
LFTs, looking for possible biliary tract disease.
6.
The diagnosis is made on the amylase or more commonly the lipase levels.
Amylase: 
●
Serum amylase is readily available but not specific for pancreatitis. A level of greater than 3 times normal however is highly suggestive.
●
The serum half-life of amylase is short, and elevations generally occur within 2-3 hours then return to normal within a few days.
●
A persistent elevation in amylase (greater than 10 days suggests a complication such as abscess or pseudocyst formation)
●
Urinary amylase may be elevated for a period after serum amylase has returned to normal.
Lipase: 
●
Lipase is both more sensitive and specific than amylase for pancreatitis.
●
Lipase also remains elevated in the serum for longer periods of time than amylase. In most institutions this test has replaced the older amylase test 
●
The level of serum amylase or lipase does not predict whether the disease is mild, moderate, or severe.
7.
ABGs: These should be done if there is respiratory distress or the patient is unwell.
ECG:
●
Cardiac ischemia needs to be considered in the differential diagnoses in those patients who are high risk for ischemic cardiac events.

Imaging
The role of Imaging in acute pancreatitis: 5
●
Exclude an underlying cause (eg gallstones) 
●
Assess severity 
●
Detect complications 
●
Guide treatment of complications (eg fluid collection drainage) 

Plain Radiology:
CXR
●
Especially if unwell or in respiratory distress, an ARDS may develop.
●
The presence of a pleural effusion indicates more severe disease.
AXR
●
This has a limited role in acute pancreatitis. It is primarily used to help rule out other causes of acute abdominal pain.
●
In pancreatitis findings may include, “sentinel” loops of bowel or pancreatic calcifications in cases of chronic pancreatitis.
●
Gallstones may occasionally be seen.

Ultrasound
●
This is the most useful initial test in determining the aetiology of pancreatitis and is the technique of choice for detecting gallstones.
●
All patients with acute pancreatitis should have an ultrasound to rule out gallstones and to assess the state of the bile ducts.

CT scan
Routine CT scan is not indicated in milder cases of pancreatitis. 
Indications include: 
●
Where the diagnosis is in doubt.
●
Clinically severe cases to assess degree of pancreatic necrosis. It is the imaging study of choice for assessing for complications such as necrosis, haemorrhage or abscess. Retroperitoneal gas on CT is an indicator of infected and necrotic pancreas.
●
Failure to improve
●
Sudden deterioration 
●
Imaging for suspected complications of pancreatitis 

MRI
●
Magnetic resonance cholangiopancreatography (MRCP) is a non-invasive technique for evaluating the intrahepatic and extrahepatic bile ducts and the pancreatic duct.
●
Its main drawback, compared to ERCP, is that it does not allow for intervention.

ERCP:
ERCP (Endoscopic Retrograde Cholangiopancreatography) indications include: 5
●
Severe pancreatitis of proven or suspected gallstone aetiology 
●
Presence of cholangitis. 
●
Presence of jaundice. 

It has the advantage over MRCP in that is can also be interventional, but the disadvantage of being invasive and requiring an anaesthetic. 

Prognostic Features
Prognosis can be related to Ranson’s criteria: 2
Initial:





Within 48 hours:
Age over 55 years



HCT fall > 10%
WCC > 16000




Urea rise > 1.8 mmol/L
Glucose > 11 mmol/L



Ca < 1.9 mmol/L
LDH
> 400 IU/L



PaO2 < 60 mmHg
AST    > 250 IU/L



Base Deficit > 4 m Eq/L






Estimated fluid sequestration > 4L.
Number of risk factors


Mortality
1 or 2 risk factors



< 1%
3 or 4 risk factors



15 %
5 or 7 risk factors



Approaches 100 %

Management
1.
Immediate attention to any ABC issues.
●
IV access.
●
Oxygen therapy if unwell or in respiratory distress.
2.
IV fluid resuscitation as clinically indicated.  Large amounts of fluids may be necessary.
3.
Monitoring:
●
Establish monitoring according to how unwell the patient is with IDC, CVC, arterial line, pulse oximetry.
3.
Keep the patient nil orally.
4.
Nasogastric tube: 
●
This is not routinely required in milder disease but may be useful for protracted vomiting in the presence of an ileus. It should be placed in more severe disease.
5.
Analgesia:
●
Parenteral narcotics are usually necessary. IV Morphine titrated to clinical effect should be used. 

There is no evidence to support the widespread belief that morphine exacerbates pancreatitis by stimulating the sphincter of Oddi. 

●
Pain can be severe and intractable, in these cases further options include:
♥
Morphine infusion via PCA (patient controlled analgesia) devices.
♥
Adjunctive (to morphine) low dose ketamine infusions (according to local hospital guidelines) can be very beneficial. 
6.
Antibiotics:
●
These are not routinely required in milder disease. If severe acute necrotizing pancreatitis is suspected then empiric IV antibiotics should be given, (see latest antibiotic guidelines).
7.
Nutritional support: 
●
Early enteral nutrition via a nasogastric tube is important in severe disease, (despite historical concerns that this could exacerbate the condition). 
8.
ERCP: 
●
If the imaging and laboratory studies are consistent with severe acute gallstone pancreatitis or ascending cholangitis, early (within 72 hours) ERCP with sphincterotomy and stone extraction is indicated. 
9.
Cholecystectomy:
●
Patients with gallstones should undergo cholecystectomy. Failure to definitively clear gallstones results in unacceptable rates or readmission to hospital with recurrent pancreatitis. This may wait until symptoms have resolved. Those unfit for this operation may have endoscopic sphincterotomy. 3
10.
Pancreatic surgery:

●
Necrotic and infected pancreatitis is an indication for surgical resection.

Disposition
●
All cases of acute pancreatitis require admission.
●
Patients are admitted under the Surgical unit.
●
If the patient is significantly unwell HDU / ICU admission will be required. Notify ICU early.

HEMATEMESIS AND MELENA

Introduction

All cases of actual or suspected hematemesis and melena must be assessed in a timely manner within the Emergency Department. All patients with melena should be admitted
The Rockall Scoring Chart helps to stratify (non-variceal bleeding) patients into those who need endoscopy urgently and those where endoscopy may be done within 24 hours. 

Pathophysiology
The four commonest causes are:
1. Peptic ulceration.
2. Erosions: gastritis, esophagitis, duodenitis.
3. Esophagael varices.
4. Mallory Weiss tear.
Other less common causes include:
5. Tumour.
6. A-V malformations.
7. Aorto-enteric fistulae (suspect in any patient who has had an aortic graft).
8. Bleeding disorders.

Notes:
●
Upper GIT bleeding is manifested by frank hematemesis or “coffee ground” vomitus. 
This has traditionally been defined as bleeding of the GIT proximal to the ligament of 
trietz, at the distal end of the duodenum.
●
Hematemesis should be considered a potentially life threatening condition, especially if 
there is associated melena (which will mandate admission).

Clinical Assessment
Important Points of History:
Should include:
1.
Alcohol.
2.
Drugs, especially: 

●
Warfarin, aspirin or NSAID use.
3
Estimate of blood loss.
4.
Past history, in particular:

●
Any previous GIT bleeds and diagnosis given for these, particularly variceal 

bleeding.

●
Liver disease (suspect varices).

●
Aortic graft surgery. 

●
Any significant co-morbidities.

Important Points of Examination:
1.
ABC, assessment, signs of shock, or postural drop (>20 mmHg)
2.
Signs of anemia, (conjunctival pallor generally indicates a Hb of less than 10gms/dl)
3.
General and abdominal examination especially for signs suggesting the possibility of 
variceal bleeding:

●
Chronic liver disease, (jaundice, spider nevi, gynecomastia)  

●
Portal hypertension, (splenomegaly, ascites)

4.
PR for the detection of melena.
●
It is important to recognize that a negative PR exam for melena does not necessarily rule out a GIT bleed, especially if it is recent. Similarly a lack of overt hematemesis does not necessarily rule out a GIT bleed.
●
If uncertainty remains and clinical suspicion is high, then a NG tube may be placed to look for the presence of fresh upper GIT blood. 
The presence of varices is a relative contraindication to an NG tube, but if there is no suspicion of varices / portal hypertension, then it may be considered. 

Investigations
1.
Blood tests:

●
FBE.

●
U&ES / glucose.

●
LFTs.

●
Clotting profile 

●
X-matching of blood (2-4 units according to the clinical picture). 

●
FFP and platelets should also be ordered if bleeding is severe or the patient has 

a coagulopathy.
2.
ECG.
3.
CT scan

●
If aortic-enteric fistula is suspected, then an urgent CT scan will be required.

4.
CXR 
5.
Occult blood testing:

●
If there is doubt over whether “coffee grounds” represents blood, or if a patient 

is taking iron tablets causing uncertainty regarding the presence of melena, then 

samples may be sent to pathology to be tested for the presence of blood.
Management 
1.
Usual ABC measures.
2.
Two large bore IV cannulae placed and appropriate fluid resuscitation commenced.

●
Both lines must be of the “pump” set type, so that fluid can be pumped through 

by hand if necessary.

●
Rapid infusion devices may be necessary in very severe cases.
3.
Blood products, as the clinical situation dictates. 

It is important to give blood products, FFP and platelets early in any patient at risk from 
coagulopathy.

At risk patients include those with:

●
Chronic liver disease.  

●
Uremic patients

●
Patients with blood dyscrasias, including thrombocytopenia.
●
Patients on medications that affect coagulation, asprin / NSAIDS and in particular those on warfarin. 
Any patient with significant GI bleeding who is on warfarin should receive Prothrombinex-HT as early as possible, even without waiting for results of investigations. Recommended dose is 2,000 to 3,000 units (4 - 6 vials)
4.
Proton pump inhibitors:
In cases of bleeding peptic ulcers intravenous proton pump inhibitor infusions have been shown to reduce the risk of ulcer re-bleeding in patients at high risk: 
●
Those with endoscopic stigmata of recent haemorrhage (ie visible vessel or clot on ulcer base)
●
Those with active bleeding even after endoscopic therapy

Options include:
Somac, (Pantoprazole):
●
Pantoprazole 80 mg IV, as a bolus over 15-30 minutes, then pantoprazole 8 mg/hour by IV infusion, for up to 3 days. 
Nexium, (Esomeprazole):
●
Esomeprazole 80 mg IV, as a bolus over 15-30 minutes, then esomeprazole 8 mg/hour by IV infusion, for up to 3 days.  

Omeprazole:
●
Omeprazole 80 mg IV over 15 to 30 minutes, then 8 mg/hour by IV 
infusion, for up to 3 days
5.
Octreotide:

If esophageal varices are the suspected cause give: 
●
Octreotide 50 micrograms IV, immediately, then 25 to 50 micrograms per hour by IV infusion for 2 to 5 days. 
6.
Establish monitoring:
Hemodynamic monitoring is important in the compromised patient. The degree of monitoring initiated will depend generally on how unwell the patient is.
It should be noted that attempts at invasive monitoring should never be allowed to delay time to definitive treatment.


The following will need consideration.

●
ECG monitoring, (in all cases).

●
Urinary catheter.

●
CVC may be placed if the patient’s clinical condition allows time for this. This 

procedure however should not delay endoscopy / ICU admission or other more 

urgent 
measures.

●
Arterial line.
7.
Minnesota tube:
●
Patients with esophageal varices who become severely compromised before they can be transferred to theatre may need to have a Minnesota tube (or similar) placed.

●
Ideally, this will need to be preceded by intubation. 
8.
DDAVP:
●
This may also be considered for patients on aspirin or NSAIDs to treat thrombocytopathies. It will rarely be needed however and should be discussed with the ICU consultant.

●
Adult dose 0.3U/kg (~20units) (= 5 ampoules) slowly IV over 20 minutes. 
9.
Endoscopic management :

Most ulcers/varices can now be managed endoscopically.
Haemostatic techniques include: 3
●
Electrocautery
●
Heater probes
●
Application of clips
●
Injection with adrenaline.
The urgency of the endoscopy in non-variceal bleeding may be guided by the clinical Rockall score of the patient. 

10.
Surgery:

Occasionally surgery will be required if
●
There is a visible large vessel bleeding

●
The patient remains hemodynamically unstable, despite more conservative 

management.
11.
 Follow-up management

●
H. pylori eradication, (in cases of peptic ulcer disease).

●
Proton pump inhibitors.

●
Attention to any underlying causative factors, (such as alcohol or NSAID use)
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NEAR DROWNING

Terminology
There is much confusion caused by imprecise definitions of near drowning, drowning, “dry” drowning, immersion, submersion, suffocation and asphyxia.

Drowning is defined as death due to suffocation (asphyxia) after submersion in a liquid medium. It is further divided into “dry” or “wet” depending on the presence or absence of aspirated fluid in the lungs.
Near Drowning is defined as survival, at least temporarily, after suffocation (asphyxia) due to submersion in a liquid medium. This term includes those who later die from complications such as hypoxic encephalopathy and ARDS. (The term “secondary drowning” is inaccurate and unnecessary, as it relates to a number of different late lung complications and should no longer be used.)
Submersion refers to complications arising from suffocation (asphyxia) within a liquid medium.
Immersion syndrome refers to cases where the individual suffers a cardiac event as a result of immersion in water and does not suffocate.
Pathophysiology
1.
The sequential pathophysiology of drowning is:
●
Initial submersion, leading to voluntary apnea. Bradycardias due to the primitive dive reflex (which is greatest in children) or cold induced bradyarrhythmias may be seen. Adults tend to panic and struggle whilst children may hold their breath, remain still and sink.
●
Eventually, hypercapnia and hypoxia leads to an involuntary breath, at the “breaking point”. 
●
Initial inhalation of fluid leads to sudden increase in airway pressure, with reflex bronchoconstriction and pulmonary hypertension. In up to 20% of cases laryngospasm then prevents further aspiration and so called “dry drowning” occurs.
●
Secondary apnea then occurs, closely followed by loss of consciousness. Vomiting and aspiration is common at this point.
●
Involuntary gasping respirations then occur with flooding of the lungs, leading to alveolar injury, surfactant loss and worsening hypoxia.
In patients who drown the average amount of fluid retrieved from the lungs is 3-4 ml/ kg (< 10%) of the total lung volume.
●
Hypoxia leads to marked bradycardia, hypotension and irreversible brain injury within 3-10 minutes. Eventually there is complete cardiopulmonary arrest.
The final common pathway for drowning or near drowning either by water aspiration (wet drowning) or by glottic closure (dry drowning) is hypoxia due to noncardiogenic pulmonary oedema.
2.
Fresh versus Salt Water near drowning:
●
Experimental differences between fresh and salt water drowning have been demonstrated but are unimportant in terms of management. 
●
Electrolyte disturbances are minimal and transient, owing to the small volumes aspirated. More than 20 ml/kg are needed for major disturbances.
3.
Respiratory tree effects:
The major respiratory tract effects include: 
●
Intense laryngospasm. 
●
Bronchospasm.
●
ARDS
●
Pulmonary hypertension 
●
Marked V/Q mismatch with physiological shunting. 
Fresh water denatures surfactant and damages alveolar cells. 
Sea water tends to draw in fluid, wash out surfactant and lead to foam formation. 
After near drowning shunts of up to 70% may occur and may take up to one week to resolve.

Clinical Assessment
Important points to note in the history include:
●
The likelihood of any associated trauma.
●
The possibility of drugs or alcohol.
●
The duration of submersion
●
Time to institution of CPR
●
Time to first spontaneous breath and return of spontaneous cardiac output.
●
Past history, (co-morbidities)
●
Medications and allergies
Important points to note in examination include:
●
Immediate assessment of the adequacy of the airway, breathing and circulation.
●
Check for hypothermia
●
Check blood glucose level.
●
The neurological status, including the GCS.
●
Full primary and secondary survey for possible associated trauma.

Investigations
The extent on investigation will depend on how unwell the patient is and the precise circumstances of the event.

The following may need to be considered:
Blood tests:
●
FBE
●
U&Es/ glucose.
●
Cardiac enzymes, in older age groups in whom an associated ACS is thought possible.
●
In adults, blood alcohol and drug screens, as appropriate

CXR:
●
ARDS
●
Aspiration ling injury.

ECG:
●
As for any unwell patient.

Plain radiology:
●
To rule out any suspected secondary trauma, eg cervical spine injury in diving neck injuries.

CT scan of the brain:
●
For any altered conscious state, confusion, seizures.

Management 
1.
ABC issues:
●
Immediate attention to ABC is the initial priority. 
●
Attempts at drainage procedures and Heimlich manoeuvres are of little use and are dangerous and increase the risk of aspiration.
●
CPAP or intubation and ventilation with PEEP as necessary.
2.
Establish monitoring
●
Pulse oximetry.
●
12 lead ECG and continuous ECG monitoring. 
●
Other modalities, (IDC, CVC, arterial line) according to clinical need.
3.
Trauma considerations:
●
A high index of suspicion for multitrauma should be maintained. 
●
The cervical spine may need to be immobilized especially in cases of diving injuries.
4.
Hypothermia:
●
Hypothermia can be a significant associated complication.
●
All wet clothing should be removed to minimize further heat loss.
●
Core temperature should be monitored and hypothermia treated. 
●
Resuscitation attempts should continue for more prolonged periods in hypothermic patients (< 33 0 C), especially in children, even in cases of asystole.
5.
Bronchospasm:
●
Nebulized salbutamol may be required for bronchospasm.
Disposition:
●
All near drowning victims, even apparently minor cases should be carefully observed for a minimum of 6 hours.
●
Any patient with CXR abnormalities or hypoxia must be admitted for ongoing observation.
●
Asymptomatic patients may be discharged home after 6 hours.

Prognostic Features in Near Drowning
Survival intact after longer periods of submersion can occur, depending on the exact circumstances. 

Factors associated with outcome include:
Patient factors:
●
Age, (younger children may survive longer periods of submersion) 

●
Water temperature, particularly cold water < 100 C.

●
Co-morbidities 
Resuscitation factors:

●
Submersion time of less than 5 minutes.
●
Good quality CPR given within 10 minutes.
●
First spontaneous breath within 30 minutes of retrieval from the water.
●
Return of spontaneous circulation before arrival at hospital.
●
Respiratory arrest only (ie pulse throughout)
Emergency Department Factors associated with good outcome include:
●
Pupillary response on arrival.
●
Perfusing cardiac rhythm on arrival
●
Motor response to pain on arrival.
NEWLY DIAGNOSED TYPE 1 DIABETIC
Introduction
All patients with type 1 diabetes require treatment with insulin.
The first priority in the newly diagnosed patient will be to rule out diabetic ketoacidosis (DKA) 

All patients with newly diagnosed diabetes, who require treatment with insulin, should have a short admission in order to establish a management plan and to provide some initial education. 

This admission may be to a Short Stay Unit in uncomplicated cases, but in more complex cases or more unwell patients an inpatient ward admission will be necessary.

All cases must be referred to the Endocrine Unit for initial assessment and the development of a management plan.

Pathophysiology
●
Type 1 diabetes is primarily caused by immune-mediated destruction of the insulin-producing beta cells. 

●
Beta cell destruction continues after the onset of symptomatic disease, and within 5 years there is usually absolute insulin deficiency and lifelong insulin treatment is required. 

●
Type 1 diabetes accounts for 10% of all diabetes.

●
Type I diabetes typically presents in younger age groups, but may present at any 
age.

Clinical Assessment

Important points of history:
1.
Symptoms classically suggestive of type I diabetes include the acute onset (1-2 
weeks) of:

●
Polydipsia, (excessive thirst).

●
Polyuria, (excessive urine production).

●
Unexplained weight loss.
Patients are typically young with a lean body habitus, (though this is not necessarily always the case).
2.
Family history:
●
There is a strong inherited component to the development of type I 
diabetes mellitus
There may be a family history of type I diabetes or there may be a history of other autoimmunity in the patient themselves or their family, (such as coeliac disease, Grave’s disease or thyroid disease).

Important points of examination:
1.
Check vital signs

●
Check for hemodynamic instability.
2.
Bedside testing:
●
Glucose, via capillary blood testing.
●
Ketones, via capillary blood testing.

3.
Assess the patient’s orientation and conscious state
4.
Assess the level of dehydration.
5.
Look for any signs of underlying sepsis.

Investigations
Investigations should include:
1.
FBE
2.
U&Es
3.
Glucose level:
●
Very high levels, (> 30 mmol/L) will require ward and/or HDU referral for assessment.
4.
Ketones:
●
Look for elevated blood (or less accurately urinary) ketones
5.
ABGs, (venous blood gases are also suitable for initial assessment):
●
These should be done if ketones are elevated, to rule out ketoacidosis

Important indicators of DKA include: 

●
pH < 7.30

●
HCO3-  < 15mmol

●
Raised anion gap.
6.
ECG:
●
This is useful as a baseline investigation or to help rule out ACS in older 
patients, (>40).
7.
Autoantibodies:

Specialized tests that may be considered by the Endocrine Unit include:

Immune-mediated destruction of the insulin-producing beta cells is confirmed by the detection of a range of autoantibodies including:
●
Islet cell antibodies. 
●
Antibodies to insulin. 
●
Antibodies to the enzymes glutamic acid decarboxylase and the tyrosine phosphatase, IA-2. 

●
Fasting C-peptide levels are also useful 

Other investigations are done as clinically indicated, including a septic workup if underlying sepsis is suspected, (CXR, urine M&C, blood cultures).
Management
The important management issues to be considered in the newly diagnosed type 1 diabetic will include:
Any patient with established DKA, requires hospital admission, with early Endocrine and ICU referrals
In stable patients, not in established DKA:
1.
Initial resuscitation:

●
Some patients will require some IV rehydration. 
2.
Establishment of a treatment regime: 

●
All patients with type 1 diabetes require treatment with insulin.


If the patient is in ketoacidosis, see separate guidelines for this.

●
This will be established by the Endocrine Unit
3.
Dietary advice:

●
Assessment by a Dietician
4.
Diabetes educator:
Education is vital in establishing:
●
General education for the patient, including awareness of DKA and hypoglycemia.
●
Establishing self-monitoring
●
Ensuring confidence in self-injecting of insulin. 
5.
Ophthalmologist assessment:
●
This does not usually require urgent assessment, but is an important 
assessment in all diabetics.
●
A referral to an Ophthalmologist should be organised for all patients. 

6.
Counselling support may be needed in some cases.
Disposition
All patients with newly diagnosed diabetes, who require treatment with insulin should have a short admission in order to establish a management plan and to provide some initial education.
This admission may be to a Short Stay Unit in uncomplicated cases, but in more complex cases or more unwell patients an inpatient ward admission will be necessary.
All cases must be referred to the Endocrine Unit for initial assessment and the development of a management plan.

Appendix 1
Insulin classification
The majority of available insulin is human, produced by recombinant DNA technology. Insulin purified from beef pancreas is also available. 
Insulin preparations can be divided into four groups with regard to their onset and duration of action, as shown in below:

	Insulin
	Time to onset of action (hours)
	Peak (hours)
	Duration of action (hours)

	Very-short-acting 
	0 to 0.25 
	1 
	3.5 to 4.5 

	Short-acting 
	0.5 
	1 to 3 
	4 to 6 

	Intermediate-acting 
	1 to 2 
	4 to 12 
	12 to 18 

	Long-acting

– glargine
	4

1 to 2
	8 to 12

n/a
	18 to 28

24+


Insulin formulations

Biphasic preparations are premixed combinations of short-acting and intermediate-acting insulin. 
The pharmacokinetic properties of insulin have previously been modified by addition of protamine or zinc to delay absorption, and by varying crystal size. 
Newer analogues of insulin are produced by recombinant DNA technology and have allowed the introduction of new very-short-acting and long-acting versions.

Insulin formulations currently available include:

	Generic name
	Brand name(s)
	Type
	Penfills available?

	Very-short-acting 

	Lispro
	Humalog 
	Analogue 
	Yes      

   insulin lispro

   insulin aspart

     Pregnancy

     Breastfeeding

	Aspart 
	NovoRapid 
	Analogue 
	Yes  

	Short-acting 

	Neutral 
	Actrapid, Humulin R 
	Human 
	Yes  

     Breastfeeding

	Intermediate-acting

	Isophane (protamine suspension) 
	Humulin NPH, Protaphane 
	Human 
	Yes 

     PBS

     Pregnancy

     Breastfeeding

	Lente (zinc suspension) 
	Humulin L [NB1], Monotard [NB1] 
	Human 
	No 

 

	Long-acting

	Glargine 
	Lantus 
	Analogue 
	Yes  

     Pregnancy

     Breastfeeding

	Biphasic 

	Neutral/ isophane
	Humulin 30/70, Mixtard 30/70 
	Human 
	yes       

   ins. aspart-insuli ... 

   ins. lispro-insuli ... 

   ins. neutral-insul ... 

     Pregnancy

     Breastfeeding

	Neutral/ isophane
	Humulin 50/50 Mixtard 50/50
	Human 
	Yes  

	Lispro/ lispro protamine
	Humalog Mix25
	Analogue 
	Yes  

	Aspart/ aspart protamine
	NovoMix 30
	Analogue
	Yes


DIABETIC KETOACIDOSIS
Introduction
Diabetic ketoacidosis (DKA) is a life-threatening diabetic emergency that consists of the biochemical triad of: 1
●
Ketonaemia, (the hallmark of DKA)
●
Hyperglycaemia
●
Acidaemia.

Modern treatment aims primarily for the clearance of Ketonaemia, (with less emphasis on the lowering of blood glucose levels) and this will necessitate regular blood ketone measurements by the use of bedside ketone measuring devices.  

Following initial resuscitation in the ED, there must be early consultation with the Endocrine Unit in all cases. Failure to consult with the Endocrine Unit is unsafe and likely to compromise safe patient care. 
Severe cases should also be referred early to the ICU

Pathophysiology
Biochemical derangement: 
Diabetic ketoacidosis is a complex disordered metabolic state characterised by: 
●
Ketonaemia, (the prime metabolic abnormality in DKA)
●
Hyperglycaemia
●
 Acidaemia.

It usually occurs as a consequence of absolute or relative insulin deficiency of insulin that is accompanied by an increase in the counter-regulatory hormones ie: 
●
Glucagon
●
Cortisol
●
Growth hormone
●
Epinephrine, (adrenaline)

This type of hormonal imbalance enhances hepatic gluconeogenesis and glycogenolysis resulting in severe hyperglycaemia. 

Enhanced lipolysis increases serum free fatty acids that are then metabolised as an alternative energy source in the process of ketogenesis. 
This results in accumulation of large quantities of ketone bodies and subsequent metabolic acidosis. 
Ketones produced include: 
●
Acetone
●
3-beta-hydroxybutyrate
●
Acetoacetate. 

The predominant ketone in DKA is 3-betahydroxybutyrate.
Fluid and electrolyte derangement
There are several mechanisms responsible for fluid depletion in DKA. 
These include: 
●
Osmotic diuresis due to hyperglycaemia
●
Vomiting commonly associated with DKA
●
Eventually, inability to take in fluid due to a diminished level of consciousness. 
Electrolyte shifts and depletion are in part related to the osmotic diuresis. 
These include: 
●
Initial hyperkalemia
●
Later hypokalemia 
●
Hypernatraemia
Clinical features
Patients may present as:
●
New diabetics
●
Known diabetics who: 

♥
Have intercurrent illness

♥
Have poorly managed diabetes

Important points of history:
Symptoms include:
1.
Nausea and vomiting:

●
Always check the BSL
2.
Polyuria and polydipsia
3.
Recent weight loss.
4.
Those of an intercurrent illness.
5.
For known diabetics establish:
 
●
Usual insulin regime

●
Degree of compliance/ understanding of management.

Important points of examination:
1.
Vital signs
2.
Conscious state
3.
Bedside capillary blood testing of:

●
Glucose level

●
Ketone level.
3.
Hydration status

Assessment of severity:
The presence of one or more of the following may indicate severe DKA. This will necessitate early referral to ICU, (and probable admission to ICU): 
1.
Clinical parameters:
●
Altered level of consciousness.
●
Oxygen saturation below 92% on air (assuming normal baseline 
respiratory function)
●
Hypotension (systolic BP below 90 mmHg)
●
Tachycardia > 100 b.p.m

2.
Biochemical parameters:
●
Blood ketones 



> 6 mmol/L
●
Bicarbonate level 


< 5 mmol/L
●
Venous/arterial pH 


< 7.1
●
Hypokalaemia on admission:

< 3.5 mmol/L

●
Anion gap above16

Investigations
Bedside blood capillary testing:

This is done for blood glucose levels and ketones.
The resolution of DKA depends upon the suppression of ketonaemia and measurement of blood ketones now represents best practice in monitoring the response to treatment.

Blood tests:
1.
FBE
2.
CRP
3.
Glucose:
Normally glucose levels will be high, however beware of “euglycemic DKA”. Here, a patient may present with acidosis and ketosis and a relatively normal glucose (eg 18 mmol/L) 
This clinical presentation is being encountered more frequently. Improved patient education with increased blood glucose and ketone monitoring has led to partial treatment of DKA prior to admission with consequent lower blood glucose levels at presentation.
4.
Urea and Electrolytes:
●
Osmolarity = (2 x Na) + glucose + urea (in mmol/L)
●
Corrected Na level = measured Na + 1/3 (glucose-10)
●
Calculate the anion gap (Na + K) - (Cl + Biarb) 

●
Urgent potassium level.
5.
Blood gases:
Venous blood gas analysis (as opposed to arterial) is sufficient for the urgent measurement of:
●
pH
●
Bicarbonate
●
Potassium

The difference between arterial and venous values for these parameters is minor and will not alter management decisions. This also saves patients from a degree of distress associated with arterial sampling.

Arterial sampling may be required in the very unwell, where frequent assessment 
of oxygenation is required. These cases will further require invasive blood pressure monitoring and so arterial line insertion is advisable.  
6.
Blood cultures:

●
These are often done as a screen for occult sepsis

Frequency of blood testing:
This will depend to a large extent on how unwell the patient is.
In general terms for the average presentation it is reasonable to do hourly measurements on:
●
Glucose

●
Ketones

●
Venous pH


●
Bicarbonate

●
Potassium


Urine:
●
Send for M & C, as part of a general screen for sepsis.

●
FWT:


♥
Glucose


♥
Ketones (> 2+ on standard urine testing sticks is significant).
CXR:
●
Again to look for a possible source of sepsis.

ECG:
●
As for any significantly unwell patient a 12 lead ECG should be done.
●
Consider possible precipitating ACS

Management
1. Immediate attention to ABC issues, assess and treat as clinically indicated.
2. Establish IV access and commence initial fluid resuscitation:
●
Preferably large bore and with “pump set” line. 
●
Patients may require initial fluid resuscitation to restore a compromised circulation.

Normal saline should be used to achieve a blood pressure of at least 90 mmHg systolic.

Colloid solutions are not recommended for this initial resuscitation. 
3. Establish monitoring:
●
Continuous ECG.
●
Indwelling catheter in the unwell, (at least 0.5 ml/hr is a minimum desired output).
●
Consider arterial line and CVC, according to how unwell the patient is.
Following initial resuscitation, the most important therapeutic interventions will then be:
●
Fluid replacement.
●
Insulin therapy
●
Careful monitoring of potassium levels.
4.
Fluid replacement:
The fluid loss in the average case of DKA at presentation is up to 100 ml/Kg (therefore in a 70 Kg man the deficit at presentation would be about 7 litres).
Fluid replacement in children and young adults should ideally be over a period of 48 hours, due to concerns about the possibility of cerebral edema developing in these age groups as a consequence of too rapid a rate of rehydration.  

There is some controversy about the use of normal saline versus Hartmann’s solution. Concerns have been raised about the use of large volumes of normal saline and the development of hyperchloraemic metabolic acidosis, which may slow the resolution of acidosis. 
Recent UK Consensus guidelines, however feel that this does not have significant clinical consequences and that Hartmann’s solution does not provide sufficient potassium for replacement needs. Overall normal saline is the current recommended fluid replacement solution for DKA. 

Following fluid resuscitation of the circulation, a typical fluid replacement regimen for a 70 kg adult is shown below. 1 Note that this is an illustrative guide 
only, and may need to be adjusted according to the circumstances of each individual case. 

In particular slower rates of correction are recommended for children and young adults. Slower rates may also be indicated in adult patients 
with significant heart or renal disease or in patients who are pregnant.
5.
Insulin therapy:
Insulin therapy is primarily used to suppress ketogenesis. This is a more important end point of treatment than the normalization of glucose levels, (which of itself is not an end point). 
Current preference is for a fixed rate insulin infusion given on a per kg weight basis. 
Administration by weight allows insulin resistant states to be accommodated. Reliance on standard variable infusions rate regimens will fail to accommodate for the very obese or the pregnant patient and risks premature reduction of insulin dosage.

The adequacy of the insulin regimen is determined by the rate of fall of the 
ketones, and/ or the rate of rise of the bicarbonate, (not the fall in glucose).
Note that rise in bicarbonate may be used to assess treatment response when blood ketones are not able to be measured. 

Note that ketonaemia and acidaemia may both be present in the presence of a normal glucose level, and ongoing insulin therapy will be required.  

The rate of insulin infusion is 0.1 unit / kg / hr, (eg 7 units per hour for a 70 kg person).

Note that supplementary glucose solution may need to be infused at some stage in treatment to provide substrate. This will permit the fixed rate insulin infusion to be maintained, avoid hypoglycaemia and allow the full suppression of ketone production.

Loading dose insulin:

●
This is not recommended.
●
A stat dose of IM insulin (0.1 unit/kg) (actrapid) may be given when IV access is delayed. 
Continuation of long acting insulin:
●
This is recommended, if the patient has not already had it.
●
Recently the use of long acting basal insulin analogues (such as Levemir or Lantus) has become widespread. Continuation of subcutaneous analogues (of the usual dose at the usual time) during the initial management of DKA provides background insulin when the IV insulin is discontinued. This avoids rebound hyperglycaemia when IV insulin is stopped and helps avoid excess length of stay. This only applies to long acting analogues and does not obviate the need to give short acting 
insulin 
before discontinuing the intravenous insulin infusion.
6.
Hypoglycemia:
Management is focussed on the clearing of ketones as well as normalising blood glucose. 
It is often necessary to administer an intravenous infusion of glucose in order to avoid hypoglycaemia and permit the continuation of a fixed rate insulin infusion to suppress ketogenesis. 
The blood glucose may fall very rapidly as ketoacidosis is corrected and a common mistake is to allow the blood glucose to drop to hypoglycaemic levels. 
This may result in a rebound ketosis driven by counter-regulatory hormones. Rebound ketosis lengthens duration of treatment. Severe hypoglycaemia is also associated with cardiac arrhythmias, acute brain injury and death.

Introduction of glucose is recommended when the blood glucose falls below 14 mmol/L. 

It is important to continue 0.9% sodium chloride solution to correct fluid deficits so it may be necessary to infuse these solutions concurrently 

Glucose should not be discontinued until the patient is eating and drinking normally.


A suggested regime is: 
When glucose falls to below 14 mmol/L commence 10% glucose given at 125mls/hour alongside the ongoing 0.9% sodium chloride rehydration fluid.
7.
Potassium replacement:

Potassium levels must be carefully monitored 
Initially blood levels may be high due to the acidosis, (even though total body potassium is depleted. This is because the loss is primarily intracellular).
As acidosis resolves with treatment potassium levels may fall quickly and replacement will then be required.

In general terms:

	Potassium level


	Replacement addition to saline

	Potassium > 5.5 mmol/L


	Withhold potassium

	Potassium 3.5 - 5.5 mmol/L


	Add 20 mmol KCL to each litre of normal saline given.



	Potassium < 3.5 mmol/L  


	Add 40 mmol KCL  to each litre of normal saline given.



	If more urgent potassium replacement is required; 20-40 mmol KCL in a separate bag of 100 mls normal saline over one hour may be given.




8.
Bicarbonate:
The routine use of bicarbonate is not recommended.  
Adequate fluid and insulin therapy will resolve the acidosis in DKA.
Acidosis may in fact provide (up to a degree) some protective effect by right shifting the oxygen-dissociation curve and so enhancing tissue oxygenation.  
Excessive bicarbonate may contribute to the “paradoxical intracellular cerebral acidosis” phenomenon.  
9.
Phosphate:

Whole body phosphate deficits are substantial in DKA.
There is however no good evidence in support of its routine replacement, and so routine measurement and replacement is currently not recommend.

It may be considered in cases of severe skeletal muscle or respiratory muscle 
weakness.
10.
Precipitating factors:

Precipitating factors should always be considered 
Possible precipitating illnesses can include:
●
Acute coronary syndrome.
●
Sepsis (UTI, chest infection, cellulitis)
●
Occult surgical conditions
●
Pancreatitis
●
Stroke
11.
Heparin
Low dose heparin for DVT prophylaxis, as per local hospital guidelines, should be given.

Therapeutic targets
In general the average recommended targets of treatment include:
●
Reduction of the blood ketone concentration by 0.5 mmol/L/hour
●
Increase the venous bicarbonate by 3 mmol/L/hour
●
Reduce capillary blood glucose by 3 mmol/L/hour
●
Potassium should be maintained between 4.0 and 5.0 mmol/L

If these targets are not being achieved the insulin infusion rate may be increased by one unit per hour.

Therapeutic end points:
Resolution has been defined as:
●
Clinical improvement
And:
●
Blood ketones < 0.3 mmol/L
●
Venous pH > 7.3
Do not rely on bicarbonate to assess resolution of DKA at this point due to possible hyperchloraemia secondary to high volumes of 0.9% sodium chloride solution.
Note that glucose levels may normalize before the above resolution points are reached, and normalization of the blood glucose level is not an end point for IV insulin infusion therapy.
The change to subcutaneous insulin may occur when the patient is well and able to tolerate oral food and fluids.

The precise dosing of subcutaneous insulin can be complex and must be individualized for each patient, and is best prescribed by the Endocrine unit.

Disposition
All DKA patients should ideally be admitted under a specialist Endocrine Unit.
Severe cases should be admitted to an ICU
Mild to moderate cases may be admitted to a general ward provided suitably trained staff experienced in the treatment of DKA are available. 

Appendix 1
Typical deficits that are seen with adults presenting in established DKA are:

Water

100 ml/kg.



Sodium 
7-10 mmol/kg


Chloride
3-5 mmol/kg


Potassium
3-5 mmol/kg.

Phosphate
1 mmol/kg.

HYPOGLYCEMIA

Introduction
Hypoglycemia is a medical emergency, which may be lethal if unrecognized.
Any patient with confusion of an altered conscious state must have hypoglycemia considered in the differential diagnosis.
It is readily reversed by the oral or IV administration of glucose.

Pathophysiology
The normal fasting blood glucose level is 3.5 -7.8 mmol/L.

The Four Glucose Antagonists include:

●
Catecholamines.
●
Growth hormone.
●
Glucagon
●
Glucocorticoids.

Causes of Hypoglycemia:
1. Drug induced (by far the commonest cause):
●
Insulin.
●
Oral hypoglycemic agents.
●
Other drug induced e.g. kelocyanor.
2. Starvation especially in combination with exercise.
3. Endocrine:
●
Insulinomas.
●
Addisons/adrenal insufficiency
●
Pituitary failure.
4. Acute liver failure (severe).
5.
Prolonged seizure activity, remember however that hypoglycemia may be the cause of seizures.

Precipitating factors:
Hypoglycaemia can occur at any time of the day or night in those patients who are on diabetic medications, including any of the insulins or insulin secretogogues. 

Factors that increase the risk of hypoglycaemia include: 
●
Inappropriately high doses of insulin or insulin secretogogue.
●
Forgotten or delayed meals, or insufficient carbohydrate (especially if taking rapid-acting insulins or insulin secretogogues). 
●
Unaccustomed or unplanned exercise.

Clinical Features
Clinical features of hypoglycemia include:
1. Increased sympathetic activity: 

●
Sweating

●
Tachycardia

●
Palpitations

●
Anxiety

●
Dilated pupils 

●
Pallor

2. CNS symptoms: 

●
Confusion

●
Seizures

●
Coma.
3. If hypoglycemia is severe and prolonged brain damage and death may occur.
4.
Patients on beta blockers:
●
Beta-blockers can mask the adrenergic warning symptoms and lead to sudden and unexpected neuroglycopenic symptoms.

Investigations
1. A finger prick test at the bedside is all that is required to make the diagnosis.
●
If the blood glucose level is < 3 mmol /L, yet the patient is asymptomatic, confirm the result with a second test.
2.
If the clinical situation allows take blood for a glucose level to confirm and 
document the hypoglycemia.
3.
Evaluation of levels of insulin (high) and C-peptide (low) is useful in confirming intentional overdoses when this is unknown but suspected.
Management
If the patient is conscious, not confused and is able to take oral food and fluids:
1.
Give a quick acting sugar:

●
15 grams of glucose paste

●
or 3 teaspoons of sugar in water/juice 

●
or 250 ml of normal soft drink.
2.
Follow with a long acting oral carbohydrate:
●
Bread, fruit or dried biscuit.
●
or next main meal if due within 15 minutes.
3.
Recheck blood glucose level in 15-20 minutes.
●
If still < 3 mmol /L, repeat above treatment.
If the patient has an altered conscious state and/or is unable to take oral food or fluids:
1.
Usual attention to ABC as indicated.
2. IV access: 
●
Take blood preferably using a larger bore catheter into a larger (eg cubital fossa) vein. Superficial thrombophlebitis may follow injection into smaller hand veins.
3.
Glucose:
●
In adults give 50mls of 50% dextrose IV.
●
Glucose 10% 2-5 mL/kg bolus IV is preferred for children. The excessive use of glucose 50% has caused deaths in children due to hyperosmolality.
●
Patients should wake within 4 to 5 minutes following IV glucose. 
●
Persistent hypoglycemia may require a second dose, or an infusion of 10% glucose. 
4.
Glucagon:
If unable to gain IV access, IM glucagon may be used. 
●
For children greater than 5 years and adults, give 1 mg IM or SC.
●
For children less than 5 years, give 0.5 mg IM.

●
Glucagon should have an effect within 6 minutes.
5.
Patient reassurance:
●
When patient awakes it is important to orientate and reassure them. 
●
Obtain a history, when able, to try and establish the cause of the hypoglycemia.
6.
Failure of recovery:
If the patient does not quickly recover, consider the following:
●
Other pathology, eg: stroke, trauma, drug ingestion.
●
Secondary pathology, eg brain damage (due to hypoglycemia, hypoxia)
●
If the period of hypoglycaemia is prolonged or extremely severe and/or associated with a seizure, recovery may take several hours, despite restoration of blood glucose to a normal level.
●
The possibility of intentional overdose should be kept in mind. Insulin overdose may be more common than generally appreciated, and a number of cases go unrecognized
7.
Observation:
●
Patients should be observed for at least two hours with regular blood glucose level checks.

Disposition considerations:
Patients may be discharged providing: 
●
There has been an adequate period of observation.
●
A clear cut cause due to medication dosing /skipping meals etc. has been established, (if there is any doubt as to the cause patient must be admitted.)
●
After appropriate education.
●
Patient is reliable and can be discharged in care of relative for further observation.
●
Adequate follow up can be provided.

Admission will be necessary when:  
●
Symptoms recur. Keep in mind the possibility of intentional insulin overdose.
●
The cause of the hypoglycemia is unclear
●
There has not been full resolution of symptoms
●
Adequate post discharge supervision cannot be guaranteed.
●
The hypoglycemia has been caused by an agent with a prolonged duration of action, (either oral medication or long acting insulin) 

The need for referral to the diabetic educator should also be considered in cases of medication or dietary error in diabetic patients.

SNAKE BITE

Introduction
Death is primarily from coagulopathy and neurotoxicity.

The time course of envenomation is typically several hours, however there is great variation in any given individual case, ranging from sudden collapse shortly after a bite to up to 12 hours.
The specific treatment is snake antivenom.
Appropriate immobilization and pressure treatment first aid is extremely important in the field, and once this has been achieved then the patient must be transferred immediately to a hospital Emergency Department that is able to treat snakebite by having adequate stocks of snake antivenom, 24 hour laboratory services, and facilities for monitoring and resuscitation.  
Pathophysiology
There are 4 main types of toxins present in snake venom:
1.
Neurotoxins:
●
Pre-synaptic inhibitors: These inhibit the release of neurotransmitter. They are                highly toxic and cause a progressive   neuromuscular paralysis. They take relatively longer to act than post synaptic inhibitors. Once paralysis has developed antivenom can prevent further damage but already damaged neurons take weeks to recover. These are the predominant neurotoxins seen in tiger and taipan venom. 
●
Post-synaptic inhibitors. These produce a non-depolarizing competitive block at post synaptic receptors. These toxins tend to be less potent, but are more rapidly acting than pre-synaptic inhibitors and more readily reversed by anti-venom. These 
are the predominant neurotoxins seen in death adder venom.
●
The usual pattern of both neurotoxins shows cranial nerve involvement, first, 
followed by paralysis of large limb muscles, then ultimately paralysis of the 
respiratory muscles. 
2.
Myotoxins:
●
These cause rhabdomyolyis which can result in hyperkalemia in the short term and renal failure due to myoglobinuria in the longer term.
3.
Hemotoxins:

Coagulopathy is the leading cause of death in human snake bite.
These consist of both procoagulants (prothrombin activators) which results in a Venom Induced Consumptive Coagulopathy (or VICC) that manifests as defibrination or DIC type picture, and direct anticoagulants which result in a “pure” anti-coagulation type picture

	TEST


	Defibrination/DIC (or Venom induced Consumptive Coagulopathy -VICC)
 
	Anti-coagulation.

	INR
	Increased
	Increased

	APTT
	Increased
	Increased

	Fibrinogen
	Decreased
	Normal

	FDPs / d-Dimers
	Increased
	Normal

	Platelets
	Decreased
	Normal

	Response to antivenom.
	Very difficult to reverse.
	Relatively easier to reverse.


4.
Direct Acting toxins:

These are less well defined, but probably involve toxins that have direct effects on 

the myocardium (myocardial toxins) and on the kidney (nephrotoxins).

Determinants of the severity of envenomation:
The course of clinical envenomation can vary considerably depending on a number of factors including:
1.
The site and vascularity of the tissues penetrated, including direct vessel penetration.
2.
The body mass of the victim, (children are more susceptible than adults)
3.
The actual amount of venom that is injected.
The majority of bites will actually contain little venom and many in fact will not require anti-venom.
4.
The number of bites received.
5.
The effectiveness of the initial first aid that is delivered.
6.
The species of snake that delivered the bite.

Clinical Features
Local effects:
1.
Wound:

It is vital to note that snake bite wounds can be extremely variable. The likelihood 

of a bite cannot be based on the “typical” appearance of paired fang marks.

Bites may show the “typical” appearance of paired puncture wounds, but they may also appear as a single puncture wound, or merely as a scratch mark, occasionally as a frank laceration.

On occasions no bite wound may be apparent at all.
2.
Pain:

The degree of local pain varies with the species. Pain can range from relatively 
painless to moderate.
3.
Local reaction:

Again this is variable and will depend to some degree on the species of snake 
involved.

Systemic Effects:

The “typical” or average time course of toxicity is over 2-3 hours, however there can be great variation in any particular individual case, depending on the factors that determine severity, (listed above) and can range from sudden collapse shortly after a bite to up to 12 hours following a bite.
An “average” time course of progressive envenomation may be as follows:

1.
Within the first hour:

●
Headache.

●
Nausea and vomiting.

●
Transient hypotension.

●
Coagulopathy.

●
Restlessness/ confusion.

2.
1-3 Hours:

●
Cranial nerve paralysis, the first evidence of this is usually ptosis and diplopia, followed by dysarthria. 

●
Increasing agitation/ confusion.

●
Hypertension and tachycardia.

3.
After 3 Hours:

●
Paralysis of larger limb muscles.

●
Respiratory paralysis.

●
Cardiovascular collapse.

●
Rhabdomyolysis.

●
Renal failure

●
Coma.

Investigations 
Investigations for Suspected Snake Bite include:
Baseline Blood tests:
1. FBE

●
Lowered Hb.

●
Thrombocytopenia
2.
U&Es / glucose, (check for hyperkalemia in particular)
3.
Clotting Profile:
●
Increased INR (> 2) & aPPT (normal is less than 40 seconds).
●
Decreased fibrinogen levels. 
●
Elevated fibrin degradation products, (d-dimers).
4.
CK
5.
Myoglobin, (may be measured in blood or urine), but not usually routinely done.
6.
Group and save serum
Urinalysis:
●
This may show positive for “blood”. This may be due to Hb due to hemolysis, but more commonly it will in fact be due to myoglobin, indicating rhabdomyolysis.

SVDK Kit
With respect to the Snake Venom Detection Kit:
●
Swab the bite site for venom (a window may be cut in the bandaging to gain access to the wound). 

This is the best test for venom detection. 


It is for this reason that venom should not be wiped off the skin during first aid.

●
Take urine, (an alternative to bite site swab) 

A positive result means that there has been systemic absorption of venom, but this in 
isolation is not an indication to give antivenom. 
●
Blood
samples are much less reliable in detecting venom and so are not routinely done.

They may give false positives as well as false negatives and cannot be relied on to make  a reliable diagnosis of the presence of venom. Once anti-venom has been given, SVDK will not detect venom in the blood, however as anti-venom is not excreted in the urine, the SVDK may still detect venom in the urine after antivenom has been given.

Send skin swab and urine samples to the pathology laboratory and ring directly to request urgent testing.

The results of the SVDK testing will indicate which anti-venom will be required. It does not necessarily indicate the actual snake that caused the bite.

Current expert opinion suggests that SVDK testing need only take place if the patient develops symptoms and/or laboratory abnormalities. This may need to be balanced however against the experience that an institution has in treating snake bite. Early signs of envenomation may not be appreciated by inexperienced staff and there may be significant delays in doing the SVDK testing by inexperienced pathology staff. In these situations it may be reasonable to test definitely bitten patients as soon as they arrive in the ED.  The important thing to appreciate is that a positive result of itself is not an indication to give antivenom. It only tells you which antivenom you need to give should a patient shows signs of clinical and /or laboratory toxicity.  It is also important to note that a negative result, does not exclude a significant bite.   

Ongoing monitoring of patients with suspected snake bite
Recent research has established the optimal investigation pathway for patients who have suspected snake bite.
Baseline blood tests are taken on presentation to the ED


If normal, then remove pressure bandage, and observe closely for signs of envenomation.


At 1 hour post removal, check INR, aPPT, and CK


Repeat blood tests at 6 hours INR, aPPT, and CK post bite, (unless already > 6 hours)


Take final blood tests INR, aPPT, and CK at 12 hours post bite.

If the patient remains without signs of clinical envenomation and the INR, aPPT and CK are all normal at 12 hours, then the patient is safe to be discharged.

If at any time the patient develops clinical features of envenomation or the blood tests become abnormal, then the patient must be given antivenom and admitted to ICU. 

Management

The approach to the patient with suspected snake bite may be summarized by the following flow chart:
Suspected Snake Bite 


                                      Apply Pressure immobilization, (if not already done)


                                     Assess for clinical or laboratory signs of envenomation.


                                  Yes                                                                          No


            Massive                         Mild                                                 Test for Venom


Resuscitate & give            Test for venom                                 
         Venom detected        
    None detected
Brown & tiger 

Anti-venom


Remove bandages             Venom clearly identified              Prepare to give anti-venom (if required) 

only as patient

improves.


Admit ICU                   Yes                             No                                   Remove bandages


                         
      Give                               Give Brown          

Observe & repeat 

                                   monovalent                    & tiger                  
blood tests as per protocol


                                        Remove bandages                                12 hours for suspected cases
                                        only as patient improves.                     Discharge at 12 hours if well & no

                                                                                                     lab abnormalities, if Sx develop or                       







 lab abnormalities then treat & admit 



Admit HDU/ICU
                
 HDU/ICU                    
Immobilization and Pressure Bandage First Aid
Application:
●
Sutherland’s method of pressure immobilization is vital as initial management in any snake 
bite victim.

●
This method acts by limiting the lymphatic spread of the venom.
●
Bandaging is applied over the bite site first, then to the rest of the entire limb. 
The limbs are the most commonly bitten area, but if the trunk is involved, then firm pressure should still be applied over the wound.

●
Note that the wound should not be washed, (as venom on the skin can be tested for)
●
In the wilderness setting bandaging should be left in place for at least 24 hours pending evacuation.
●
It is important to recognize that bandaging is only half the treatment. 
Immobilization is also vital in limiting the spread of venom. This may be achieved by additional splinting and/or instructing the patient to remain as still as possible.
●
If a patient presents to the ED without bandaging, this should be put on immediately.
●
Once bandaging is removed there is potential for sudden systemic envenomation. 
Bandaging should never be removed until the patient has IV access and anti-venom is 
on hand. 
●
If there are sudden signs of envenomation then bandaging should be reapplied.

Removal:
The pressure immobilization bandaging (PIB) is not removed until:
●
The patient has been fully assessed and is in an appropriately monitored resuscitation 
cubical in a hospital facility capable of treating snakebite and found to have no 
clinical or laboratory evidence of envenomation.
Or
●
After Antivenom administration has commenced, (at least half -way through)
Transfer to definitive care
Once a patient has been given appropriate first aid at the scene, then they must be immediately transferred to a hospital Emergency Department that has the capability of treating snakebite, i.e. 
●
There must be a supply of antivenom. 
●
There must be a 24/7 hour laboratory service.
●
There must be appropriate facilities for close monitoring and resuscitation.  
Close observation
Patients must be closely observed for the earliest signs of envenomation in a monitored area.
Dedicated nursing observation charts have been developed to assist in this regard, and are especially useful when staff are inexperienced in the treatment of snake bite.

Antivenom
Equine IgG Fab fragments are the specific treatment for snakebite

Snake Antivenom will prevent or help reverse most of the toxic effects of snake venom, including neurological, muscle, coagulopathic and cardiac effects.  Once established however, paralysis and VICC are largely resistant to the effects of antivenom, and treatment becomes more supportive and so early treatment is important.

Patients receiving antivenom must be monitored closely in a resuscitation area.

It is best to give the specific antivenom that is indicated by the VDK, however in cases were patients are very unwell, and there is no time to test, then polyvalent antivenom may be given, (even though this has a higher allergic reaction rate).

The optimal dosing of snake antivenom is the ongoing subject of much current research. The large numbers if vials quoted in the past were probably overstated, and current expert opinion is that in general one (perhaps two) vials is sufficient to treat most envenomation. Anything further than this is probably not adding any benefit. 

Further Adjunctive Treatments

Note that whilst supportive measures are important and often vital it must be kept in mind that anti-venom is still the essential treatment for all complications of envenomation.
1.
Supportive measures as clinically indicated:

●
Respiratory, CPAP or ventilator support may become necessary.
  
●
Cardiovascular support, inotropes may be required.

●
Dialysis

●
Rhabdomyolysis, (see separate guidelines)
2.
Treat coagulopathy:
●
Antivenom is indicated for any evidence of coagulopathy. 
●
If there is also life threatening bleeding, then this should be treated aggressively 
with FFP in addition to antivenom.
●
FFP in the absence of significant bleeding is an area of controversy at present. 
It is not currently given in the absence of significant bleeding, however there may be special circumstances where it is considered, and the decision to give it should be guided by consultation with an expert toxicologist. 
3.
Tetanus immunoprophylaxis as clinically indicated.
4.
Consider prophylactic prednisolone for the prevention of serum sickness in those who have received antivenom.  

●
Give 50 mg per day for 5 days post treatment.

Disposition

Any patient who has signs or symptoms of envenomation should be admitted to ICU/HDU

Patients who do not have signs or symptoms or laboratory evidence of envenomation may be admitted to a Short Stay Unit (SSU) for their period of observation.

TETANUS

Introduction
Tetanus is an acute, commonly lethal, neurological disease caused by an exotoxin produced by infection with clostridium tetani.   
Is has been a scourge of humanity since recorded history.
Immunization, introduced in the 20th Century, is extremely effective in preventing the disease and as a result of this it is now rare in countries that have full immunization programs. 

Epidemiology
Tetanus is still common in countries with low immunization rates and where contact with animal excreta is more common. Tetanus, and in particular neonatal tetanus, is a significant cause of death in these settings.
Pathology
Organism:
Clostridium tetani: A gram-positive bacillus. It is a spore forming obligate anaerobe. The spores are very resistant to heat, desiccation, and disinfectants. It is motile and non-capsulate.
Pathophysiology:
Spores that gain entry through the skin can persist in normal tissue for months to years. The wound can be trivial, even unnoticed.
Under anaerobic conditions, these spores geminate and the bacilli then produce two exotoxins:
●
Tetanolysin, (a hemolysin which does not appear to cause clinical disease)
●
Tetanospasmin, a neurotoxin, which is one of the most potent biological toxins known. It has been estimated that a mere 240 grams could kill the entire world population! 2
Tetanospasmin is distributed widely by the blood stream and gains entry to the nervous system by being taken up by peripheral at nerve endings at neuromuscular junctions, (primarily alpha motor neurons, but also to a lesser extent via sensory and autonomic neurons). These transport mechanisms are also responsible for the transport of the rabies and herpes viruses.

Once within peripheral nerves, it is actively transported retrograde via active transport mechanisms through the axons and into the central nervous system.

The toxin can then diffuse from the cell body through the extracellular space and gain access to the presynaptic terminals of adjacent central neurons.    

Tetanospasmin has 3 effects:
1.
Its major action is the preferential binding to the two major central inhibitory inter-neurons:
●
Glycinergic neurons of the spinal cord.
●
GABA neurons, primarily within the brain. 
Strychnine, which is the only true mimic of tetanus, affects only the glycinergic neurons and not the GABA interneurons. 

The end result is that stimuli both from and coming into the CNS are not “damped down”, which results in the following effects:
●
Muscle rigidity:
The shortest peripheral nerves are the first to deliver the toxin to the CNS, which leads to the early symptoms of facial distortion and back and neck stiffness.
●
Muscle spasms:
There are generalized contractions of the agonist and antagonist musculature characteristic of a tetanic spasm. 
●
Hyper-reflexic reactions to any peripheral sensory stimuli. 
Here there is a failure to inhibit normal reflex motor responses to afferent sensory stimuli, (which can include tactile as well as visual and auditory stimuli) 
●
Autonomic hyper-activity:
This is virtually always seen as hyperactivity of the sympathetic nervous system, with hypertension, tachycardia and tachyarrhythmias. 
Severe bradyarrhythmias have been documented, but are far less common. 

There are also two lesser effects:
2.
Inhibition of pre-synaptic motor neuron end plates, by decreased acetylcholine release. Peripheral effects however are usually minimal because the central effects of tetanospasmin are so dominant and dramatic. 
3.
Convulsions.

Transmission
●
Tetanus is not transmitted directly from person to person.
●
Spores may be introduced through contaminated skin wounds, including lacerations, or burns. These wounds can be very minor and on occasions not noticed. 
●
It may be introduced by intravenous drug abuse.
●
Any necrotic tissue or foreign body can enhance the growth of anaerobic organisms such as Clostridium tetani. 
●
Neonatal infection results from cord contamination during unsanitary delivery conditions, coupled with a lack of maternal immunization. At the end of the first week of life, infected infants become irritable, feed poorly, and develop rigidity with spasms. This form of tetanus has a very poor prognosis for survival.
Incubation Period
●
The incubation period most commonly ranges from 3-21 days, with the majority of cases occuring within 14 days.
●
It may however range from as little as 1 day up to several months, depending upon the nature of the exposure.
●
Cases with shorter incubation periods tend to have more severe disease and a greater risk of death.
Reservoir
Clostridium tetani is ubiquitous in the environment. Its can be found in:
●
Soil, (as spores).
●
GIT of of humans.
●
GIT of animals.


Period of Communicability
●
Clostridium tetani spores may remain viable in the environment for many years. 
Susceptibility and Resistance
●
Active immunity is acieved by immunisation with tetanus toxoid and persists for at least ten years after full immunisation.
●
Transient passive immunity can be provided by injection of tetanus immune globulin or (TIG) or tetanus antitoxin.
●
Recovery from tetanus does not confer immunity from re-infection.

Clinical Features
A history or evidence of a skin wound may be lacking in up to 20% of cases.
A clear history of adequate immunization makes the diagnosis very unlikely, when there is clinical uncertainty. This is because of the very high effectiveness of the vaccine.
Tetanus can essentially be local or generalized.

Local tetanus
This is less common than generalized tetanus 
It s thought to occur as a result of partial immunity of the victim.
Features include:
●
It is generally mild and has low mortality, although occasionally in can progress to become generalized and severe. 
●
The hallmark of the illness if muscle rigidity at or near a site of injury
●
Muscles can be painful and tender
●
Local tendon reflexes are increased.
●
Symptoms may persist for some months, but then spontaneously resolves. 
●
A particular form of local tetanus is Cephalic tetanus that involves the head and neck. Patients present with cranial nerve palsies, a 7th cranial nerve involvement being typical, but any cranial nerve may be involved. Prognosis here is much worse than in other forms of local tetanus as it has a much higher incidence of becoming generalized. 

Generalized tetanus
This is the most common form of tetanus. Untreated it has very high mortality.
Progression of symptoms occurs as follows:
1.
Early symptoms:
Trismus:
●
Also know in lay terms as “lockjaw”, this is spasm involving the masseter muscles. Lockjaw is often the first sign of tetanus
●
Severe spasm can impair the airway. The progression of this early symptom can be measured clinically by the degree of possible mouth opening of the patient.

Upper body muscle stiffness:
●
Another early symptom is painful muscle stiffness followed by rigidity of the upper back, shoulders or neck.
●
Neck rigidity may lead to a false diagnosis of meningitis.
2.
Generalized rigidity:
Following the early symptoms, generalized rigidity then appears to varying extents.

●
Abdominal rigidity can occur.
●
Risus sardonicus, occurs with spasm and rigidity of the facial muscles. It is a characteristic “clenched teeth” expression or “sneering grin”. Initially it may appear merely as a straightened upper lip.   
●
Opisthotonus, is a generalized muscle rigidity that produces a characteristic neck and spinal extension, or “arched back” appearance.

Opisthotonus is extremely painful, and can be so intense that fractures or tendon ruptures may occur!


When severe this can result in apparent “decorticate” posturing, with:
♥
Opisthotonus


♥
Flexion and adduction of the arms


♥
Clenching of the fists, over the thorax.


♥
Extension of the legs and feet.
♥
Unlike true decorticate rigidity however which is a result of severe cortical dysfunction with associated loss of consciousness, the patient remains fully conscious.
3.
Reflex spasms:
●
These characteristically occur 24-72 hours after the onset of muscle stiffness and rigidity. 
●
The spasms are caused by undampened and uncontrolled muscle reflexes that occur in response to any external peripheral afferent stimulus. These can be from auditory and visual stimuli as well as tactile.   
●
As the disease progresses ever more trivial stimuli can initiate more and more intense and longer lasting reflex spasms.
●
These may be mistaken for seizures. True cerebral convulsions can also occur at this stage, but are in fact uncommon. The muscular spasms of tetanus are intensely painful, in contrast to the muscular contractions associated with seizures, which are not.   
4.
Autonomic instability:
This occurs later in the progression of the disease, and be delayed as much as a few days after the onset of symptoms, (this is possibly due to the fact that the toxin has further to diffuse to reach the lateral horns of the spinal cord).
Features include:
●
A hyper-sympathetic state, with a clinical picture that can resemble a phaeochromocytoma adrenergic crisis. This can result in fever, sweating, tachycardia, hypertension and pallor.  Tachyarrhythmias may also occur. 
●
Parasympathetic responses with bradycardias have been recorded but are rare, as the sympathetic response dominates the clinical picture.   
5.
Pre-terminal symptoms:
Death eventually occurs due to:
●
Airway obstruction, due to laryngospasm.
●
Ventilatory impairment, due to respiratory muscle (diaphragm and intercostal) paralysis.
●
Secondary complications, such as aspiration, hypoxic seizures, rhabdomyolysis.
●
Occasionally due to autonomic instability with cardiac arrhythmias or hypertensive crisis.  

In those who survive tetanus, symptoms can progress for 10-14 days, before resolution begins to occur. Recovery periods then can be protracted, taking up to 4-6 weeks. Recovery can be complete, but some residual neurological defects can remain permanently.  

Prognostic features:
More severe disease is associated with:
●
Shorter incubation periods, (time of inoculation to onset of symptoms).
●
Shorter periods of onset (< 48 hours), (this is defined as the time from the first symptoms to the first generalized reflex spasm).
These two periods are of major prognostic significance and reflect the total body toxin load, as modified by any degree of partial, though inadequate immunity.

Differential diagnoses:
The diagnosis is relatively straight forward in typical generalized cases, once it is considered!
Differential diagnoses will include:
1
Strychnine poisoning:
●
This is rare, though is the only true “mimic” of tetanus. One possible differentiating clinical feature is that with strychnine poisoning there tends to be relaxations betweens spasms. This is not the case in tetanus.   
2.
Dystonic reactions:
●
Dystonic drug reaction will be the most common differential diagnosis in countries with immunisation programs.  
3.
Meningitis/ encephalitis.
4.
Hypocalcemia:
●
Including carpo-pedal spasm type reaction in cases of severe hyperventilation.
5.
Seizure activity, status epilepticus.
6.
Hysterical, conversion reactions.  
7.
Lockjaw:
●
Again this may be due to a dystonic drug reaction or to severe intra-oral sepsis.

Investigations
The diagnosis of tetanus will usually be a clinical one when the features are typical.

Microbiology:
Laboratory confirmation of tetanus infection is problematic. Cultures from the site of infection often fail to grow the clostridial organism. Isolating the organism means little in an immune host.

Tetanospasmin is encoded on a plasmid that not all clostridial tetani organisms have, and so isolation of the organism will not necessarily confirm the diagnosis of tetanus.   

Serology:
Serum antibody levels of more than 0.01 U/mL usually are protective, making the diagnosis less likely, however a “protective” level will not exclude the diagnosis, as tetanus has been reported in patients with supposedly “protective” levels.
Management
1.
Airway and ventilation:
●
This is of paramount importance in the first instance.
●
When significant muscle spasm or rigidity occurs, a patient’s airway and/ or effective ventilation, is at risk and so immediate intubation, paralysis and mechanical ventilation must be initiated. 
●
Paralysis and mechanical ventilation is the single most important aspect in ensuring preservation of life, in cases of generalized tetanus.  
2.
IV benzodiazepines:
Benzodiazepines are an important adjunctive treatment for tetanus, with multiple beneficial effects. 
Benefits in ventilated patients can be summarized as follows: 
●
They increase the central effects of GABA by enhancing its binding to GABA receptors, and so will help ameliorate some of the effects of tetanospasmin. 
●
They provide ongoing sedation and so will help dampen any afferent stimuli contributing to reflex spasm activity  
●
By their action of skeletal muscle relaxation, it can help alleviate the symptoms of muscular rigidty.
●
They also dampen central autonomic sympathetic output and so help alleviate the hyper-adrenergic aspects of autonomic instability.  
3.
IV morphine
Morphine is similarly an important adjunct in ventilated patients.
Benefits in ventilated patients can be summarized as follows: 
●
Provides important additional ongoing anxiolyis and sedation
●
Provides analgesia against the effects of muscle spasm and rigidity.
4.
Antibiotics: 
Metronidazole:
●
Give 500mg IV 8 hourly for 10 days.
●
This is the antibiotic of first choice. It has good activity against anaerobic organisms, and is able to penetrate necrotic tissue. Further it has been shown to be more effective than penicillin. 
Penicillin G:
●
Give 1-3 million units IV 6 hourly for 10 days.
●
As penicillin has some GABA antagonist action within the CNS, there are some theoretical concerns that it may aggravate spasms. Despite this concern however it is still commonly used to treat tetanus.
5.
Provision of a quiet environment:
●
This is an important nursing consideration. By minimizing any sensory input with a quiet and darkened environment, sensory stimuli to the patient is minimized with a consequent reduction in reflex spasm activity.
6.
Tetanus immunoglobulin (TIG)
●
Passive IM immunization with human tetanus immune globulin (TIG) shortens the course of tetanus and lessens its severity.
●
It should be noted however that TIG will at best only neutralize toxin that is present within the circulation. It cannot neutralize toxin already contained within the CNS, and hence will not ameliorate symptoms that are already present. 
7.
Surgical debridement:
●
Obviously infected wounds, when present, should be thoroughly cleaned and all necrotic tissue extensively debrided. This is required to eradicate the source of ongoing toxin production.
7.
Active immunization:
●
If the patient has not been adequately immunized, and this is highly likely, in any patient with tetanus, then they must also be actively immunized and a first dose of tetanus toxoid should be given, (into the opposite limb to that which TIG has been injected). 
Appendix 1

Tetanus Immunoprophylaxis 
	Time since vaccination


	Type of wound
	Tetanus toxoid
	Tetanus immunoglobulin

	History of 3 or more doses of tetanus toxoid



	<5 years


	All wounds
	No
	No

	5 to 10 years
	Clean minor wounds


	No
	No

	
	All other wounds


	Yes
	No

	>10 years


	All wounds
	Yes
	No

	Uncertain vaccination history or <3 doses of tetanus toxoid



	 
	Clean minor wounds


	Yes
	No

	 
	All other wounds


	Yes
	Yes


SEPTIC SHOCK / SEVERE SEPSIS

Introduction

Improved understanding of the inflammatory, immunosuppressive and procoagulant pathophysiological processes of sepsis have contributed to recent advances in the management of severe sepsis.

The corner stones of treatment involve:
1.
Early goal directed therapy (0-6 hours).
2.
Early lung protective ventilation.
3.
Broad spectrum antibiotics.
4.
Possibly agents directed at the pathophysiological responses to sepsis, of which APC has shown some benefit.

Definitions/Terminology 
The following definitions were formulated at the consensus conference of the American College of Chest Physicians and Society of Critical Care Medicine in 1992.
Infection:

Inflammatory response due to the presence of microorganisms.
Bacteraemia:
The presence of viable bacteria in the blood (usually confirmed by positive culture)
Sepsis:
Suspected or proven infection plus the systemic inflammatory response to infection.
Severe Sepsis:
The systemic inflammatory response to infection, including organ dysfunction.
Organ dysfunction may include: hypotension, hypoxemia, oliguria, metabolic acidosis, thrombocytopenia or altered conscious state.
Septic Shock:
The systemic inflammatory response to infection resulting in organ dysfunction including hypotension, despite adequate fluid resuscitation.
Systemic Inflammatory Response Syndrome, (SIRS): The systemic inflammatory response to a range of severe clinical insults, including not only infection, but also trauma, burns and pancreatitis, (see examination points below for the clinical definition of SIRS)
Multiple Organ Dysfunction Syndrome (MODS): Multiple organ dysfunction in an acutely ill patient, such that homeostasis cannot be maintained without intervention.
Pathophysiology


Current concepts of severe sepsis and septic shock recognize that these clinical syndromes are the result not only of the infecting organism but also the body’s inflammatory, immune and procoagulant responses to the organism.

This process is thought to involve:
1.
Introduction of microorganism toxins: 

●
As synthesized exotoxins, (eg diphtheria, clostridia)
●
As structural components of the microorganism itself, (including the peptidoglycan of gram positive organisms and the lipopolysaccharide endotoxin of gram negative organisms)
2.
Toxins act on host’s cells, (including macrophages, monocytes, neutrophils and endothelial cells) which results in the release of inflammatory mediators:

●
Cytokines (tumor necrosis factors and interleukins)
●
Cell membrane derived mediators, which are primarily arachidonic acid metabolites produced via the action of cyclo-oxygenase and lipo-oxygenase.
3.
The physiological actions of these mediators fall into two main groups (as summarized in the diagram above):
●
Stimulators of the inflammatory response 
●
Suppressors of the inflammatory response.
4.
When there is an overly predominant effect of the pro-inflammatory response, the effects will be detrimental and result in:

●
Myocardial depression

●
Greatly increased vascular permeability and vasodilatation.

●
Microvascular pathology leading to dysfunctional tissue utilization of oxygen.
Oxygen flux (ie the total oxygen delivery to the tissues) is a product of cardiac output, Hb levels and the PaO2. In septic shock the oxygen flux may be above normal due to an increased cardiac output and whilst the Hb and PaO2 levels may be normal, nonetheless a profound tissue hypoxia and lactic acidosis develops. This is thought to be due to abnormalities in the microvascular tissue beds that result in abnormal tissue utilization of the oxygen. Microvascular thrombosis with shunting of blood is thought to be one cause of this abnormal tissue utilization.
5.
These effects lead to the clinical syndromes of SIRS and MODS as described above.
Clinical Features
Important Points of History
1.
A thorough history is often the most useful guide to the likely source of sepsis.
2.
It is important to establish if there are any risk factors for depressed immunity, including:
●
Does the patient have HIV?
●
Is the patient an oncology patient, in particular are they receiving radiotherapy or chemotherapy, (suspect febrile neutropenia) or on any immuno-depressant drugs.
●
Does the patient have Addison’s disease?
●
Other significant co-morbidity, diabetics, chronic renal failure, chronic liver failure.
●
Does the patient have any IV access ports or surgical devices, (these may be the source of infection) 
●
Does the patient have any structural cardiac disease, (suspect bacterial endocarditis as the source of infection)?
●
Are there any important “epidemiological” factors, eg, recent contact with infectious disease, such as meningococcus or recent legionella outbreaks? 
●
Has the patient had any recent surgery?
3.
Has there been any recent overseas travel?

Important Points of Examination
It is important to recognize that the classical description of “warm shock” is rarely how the patient presents in practice.
1.
Fever: the patient may be febrile, normothermic or hypothermic, (sometimes severely so)
2.
Hypotension
3.
Peripheral perfusion may be relatively good, but this is not a consistent or reliable sign. A more classic picture of poor peripheral perfusion is also seen especially in severe presentations.
4.
Check carefully for any obvious source of the sepsis.
5.
Clinical evidence of a “systemic inflammatory response” has been defined as 2 or more of the following:
●
Tachypnoea, (RR > 20 / min), or a PaCO2 < 32 mmHg, or a minute ventilation value of  > 10 L / min, where the patient is intubated and spontaneously breathing.
●
Tachycardia, (> 90 beats per minute)
●
A core body temperature of > 38 0 C or < 36 0 C.
●
A WCC of  > 12,000 cells / micro L or < 4000 cells / micro L
Investigations
Investigations will be guided by the severity of illness and the degree of clinical suspicion for a particular causative pathology. The following will need to be considered:
Blood tests:
1.
FBE
●
Note that the WCC may be elevated or depressed, the latter being associated 
with a poor prognosis. 
●
If the neutrophil count is low and the patient is febrile, (Neutrophils less than 0.5 x 109 /L, or less than 1.0 x 109/L with a predicted decline to less than 0.5 x109 /L And Fever ≥38 ºC) this is “febrile neutropenia” and is a true medical emergency, and requires empiric antibiotics within 30 minutes (Tazocin, (piperacillin + tazobactam) 4.0 + 0.5 gms (child: 100 + 12.5 mg/kg up to 4+0.5 g) IV, 8-hourly)
2.
CRP
3.
U&Es / glucose
4.
Coagulation profile, including DIC screen.
5.
ABGs, including lactate levels. 
●
Elevated lactate levels reflect tissue hypoxia and correlate with the severity of 
illness and likely outcome.
6.
Cardiac enzymes
7.
LFTs
8.
Lipase
9.
Blood for “atypical” CAP serology.
10.
Blood cultures:
●
Before any antibiotics are given, however there should never be significant 
delays in giving antibiotics in order to get blood cultures.
●
Two or more sets of blood cultures (at different sites) should be taken prior to 
antibiotic therapy, (however this should not be allowed to significantly delay 
the administration of antibiotics) 
Urine analysis:
●
Urinalysis by “FWT” 
●
Microscopy and culture.
●
Bacterial antigen studies:
♥
Legionella antigen, this is the most useful investigation if legionella is being 
considered.
♥
Pneumococcal antigen
Plain radiography:
CXR
●
All patients with severe sepsis should have a CXR, regardless of the presumed source 
of infection. Secondary complications such as ARDS is possible in addition to 
significant unrecognized co-morbidity
AXR
●
Should be done especially if an abdominal problem is suspected.
ECG
All severely unwell patients must have an ECG.
Look for associated changes of myocardial ischemia, electrolyte disorders or arrhythmias.

Ultrasound:
●
Especially if an abdominal source of sepsis is suspected, biliary disease is a common 
cause of sepsis in the elderly. 

Acalculus cholecystitis is a severe illness in the absence of gallstones.   
●
The ultrasound will need to be done urgently in the resuscitation area for patients who are very unwell.
CT Scanning:
●
Abdomen CT for occult surgical conditions, renal tract obstruction or ischemic gut
●
Chest, this may fully define the nature of obscure CXR findings.
●
Brain, must be considered in all cases where there is an altered conscious state or 
confusion.
Lumbar Puncture:
This should be considered when a diagnosis of meningitis or encephalitis is being considered, however it is not recommended when there are concerns about raised intracranial pressure. 
It is best to treat these conditions empirically early. 
The LP may be done later, when the patient is more stable and after a CT brain has been done to help exclude edema or mass lesions leading to raised intracranial pressure. 
Echocardiography:
●
This will be urgent if the patient is thought to have bacterial endocarditis.
●
It provides invaluable information as to the degree of myocardial dysfunction.
●
It is useful in ruling out other pathologies resulting in hypotension, when the cause of 
this hypotension is unclear.
Management
Issues in the management of septic shock include:
1.
Initial resuscitation and stabilization with early “goal directed therapy”
2.
Establishing monitoring.
3.
Empirical antibiotic treatment.
4.
Early referral pathways.
5.
Systems supportive measures:
●
Cardiovascular support

●
Respiratory support
●
Renal support

●
Haematological support

●
GIT support
7.
Surgical measures
Initial resuscitation and stabilization
As for any severely ill patient the priority will be
1.
Immediate assessment and management of any ABC issues.
2.
IV access
3.
Initial fluid bolus resuscitation.

●
Crystalloids are given, usually normal saline

●
In adults, generally 2-3 liters can be given.
●
If there is insufficient response from this initial fluid resuscitation, then the commencement inotropic support needs to be considered.

Establishing monitoring
1. Urinary catheter:
●
Aim for a minimum urine output of  > 0.25 -0.5 mls / kg / hr
2. Central venous pressure monitoring:
●
Aim for a minimum CVP of 8 mmHg, ( >12 mmHg for ventilated 
patients)
3.
Arterial line:

●
Aim for a mean arterial pressure of at least 65 mmHg.
4.
Cardiac output monitors are generally placed once the patient is in ICU:

Pulmonary artery catheters are now rarely used and have largely been replaced by 
specialized cardiac output measuring devices, such as: 

●
Peripherally inserted continuous cardiac output (PiCCO) monitor.

●
Pulse contour monitor (Vigileo)
Summary of hemodynamic parameters seen in Septic Shock compared to cardiogenic and hypovolemic shock:

	Type of Shock

	Cardiac Index
	CVP
	Systemic Vascular

Resistance
	Oxygen Delivery

	Septic Shock
	(
	N or (
	( (
	(

	Cardiogenic Shock
	(
	N or (
	(
	(

	Hypovolemic Shock
	(
	(
	(
	(


Empirical antibiotic treatment
1.
Broad-spectrum antibiotics should be commenced within one hour of the commencement of resuscitation.
2.
In cases of febrile neutropenia, they should be commenced within 30 minutes
3.
The antibiotic regimen should be reviewed after 48 hours according to the microbiological results.
4.
Antibiotic therapy should be continued for a minimum of 7-10 days.
Early referral pathways
1.
ICU
●
Early referral is essential, especially if patients will be requiring ventilation or dialysis.
2.
Surgical: refer early if a surgical condition is suspected.
3. Seek urgent Infectious Diseases advice for:
●
Suspected unusual infections 
●
The severely immunocompromised. 

●
The “returned traveller”
4.
If the patient is a known oncology patient, seek advice from the treating oncologist, there may be “limitation of medical treatment” issues as well as issues directly related to the disease process in these patients.
Systems supportive measures:
Cardiovascular support
1.
Fluid therapy:

●
IV fluids to initially aim for a systolic BP of 90 mmHg, (or MAP of > 65 
mmHg) Either crystalloid or colloid may be used. Albumin solutions may also 
be used.
2.
Inotropes:

●
If systolic pressure is not readily maintained with fluid bolus, (< 90 mmHg) 
then Noradrenaline or Adrenaline should be commenced.

●
This should be initiated early in fluid resistant hypotension.

There does not appear in practice to be any difference in outcomes between noradrenaline and adrenaline.  Significant tachycardia and lactic acidosis generated by adrenaline can be problematic however in practice in higher doses both these agents have virtually the same effects.

It should be noted that adrenaline is the inotrope of choice in cases of anaphylactic shock. 
If hypotension persists, then Vasopressin may be considered as an adjunct to noradrenaline or adrenaline. The dose is 0.01 - 0.04 units / minute. If vasopressin is to be used, then there is some evidence that steroids should also be given before vasopressin is commenced.. The need for vasopressin/ steroids should be discussed with the Intensivist.
3.
Augmented cardiac output treatments have not been shown to improve outcomes. More important considerations are restoration of blood volume with IV fluids and organ perfusion pressure (eg MAP) with fluids and vasopressors.
Respiratory support
Maintain oxygenation
Initially this may be by high flow oxygen delivered by Hudson mask, or even by a High Flow Nasal oxygen delivery device.  

If patients in septic shock require more respiratory support than this then intubation is preferred over non-invasive ventilation (NIV) as the next step.

Patients in septic shock who require respiratory support should be intubated and ventilated early.

For intubated patients:
1.
Use an ARDS type ventilation pattern:
●
Lower tidal volumes, (6 ml/kg, lean body mass), to reduce the risk of lung injury.

●
PEEP 5 cm or greater.

●
RR of 20
●
Plateau pressures < 30 mmHg, (this is the equilibrated pressure achieved at the end of inspiration and correlates with alveolar pressure. It is not the same as “peak inspiratory flow pressure”) 

●
FiO2 = 1.0, (aim for an SaO2 > 90% or a mixed venous SvO2 > 65 %)

●
Some hypercapnia, is not harmful and will allow for low tidal volumes and to 

minimise plateau pressures.
If ventilation is difficult (eg persistent hypoxia or high peak pressures), check ETT has not inadvertently slipped down the right main bronchus and consider further intravenous sedation (e.g. morphine).
2.
Neuromuscular blockade:
●
This may be used initially whilst the patient is in the ED, undergoing stabilization and being moved for CT scans and the like.
●
In the ICU setting, sedation is preferred, rather than repeated doses of neuromuscular blocking agents, because they increase the risk of prolonged myopathy.
3.
Sedation and analgesia:

●
In the ED this will generally be with morphine and propofol infusions.
●
In ICU, daily interruption will prevent drug accumulation and the need for prolonged ventilation.
4.
There should be early tracheotomy (after 5-7 days) for patients who will require prolonged ventilation periods. (An ICU consideration)
5.
Daily T-piece (or CPAP) trials will reduce the period of mandatory ventilation. (An ICU consideration)
6.
Nursing ventilated patients in a semirecumbent (30-45 degree) position in ICU will help reduce the risk of hospital-acquired aspiration pneumonias.
Renal support
1.
Optimizing fluid loading is the best initial step for maintaining urine output.
2.
For patients who are in acute renal failure there should be early referral to ICU for dialysis

Like early ventilation, early renal support is also recommended in patients with septic shock and renal failure.
3.
The following measures are not recommended:
●
Renal dose dopamine, (this has not been shown to improve outcomes)
●
Diuretics have no outcome benefit in oliguric acute renal failure, and may in fact increase mortality risk.
Hematological support
1.
Hemoglobin is best maintained at a level of 7-9 gm/dl. There is no outcome benefit for transfusion for anemia for Hb levels above 7 gm/dl, unless the patient has a concomitant acute coronary syndrome.
2.
FFP is not routinely recommended for coagulopathy, unless bleeding is present.
3.
Platelets: 1

●
If < 5000 /mm3 (5 x 109 / L) give platelets regardless of bleeding.

●
If 5000 -30,000 /mm3 and there is a significant bleeding risk

●
Counts of > 50,000 / mm3 are required for surgery or invasive procedures.
GIT support
1.
Nutritional support should be commenced within the first 48 hours. 
2.
The enteral route may reduce nosocomial sepsis risk. 
3.
TPN has not been shown to be more beneficial than the enteral route. It will be necessary when the enteral rout is contraindicated.
Adjunctive measures:
1.
Activated Protein C
●
Despite initial high hopes for this agent in septic shock, the recent PROWESS- SHOCK study showed no benefit, and its use has been abandoned. 
2.
DVT prophylaxis 
●
TED stockings
●
Low dose heparin is recommended for all patients with severe sepsis, unless:
♥
There is a coagulopathy, (INR > 2.0 or APTT > 40 seconds)
♥
There is bleeding, or a high risk of bleeding.
3.
Steroids
●
Stress dose IV hydrocortisone (100mg bd) should be given if the patient is already on or has recently been on steroids or if the patient is known to have Addison's disease or has bacterial meningitis.
●
It has been proposed that steroids may also be beneficial for patients within 48 hours and who are requiring increasing levels of inotrope / vasopressor support. 

There is however, no proven benefit for the routine use of  steroids in septic shock.

Despite this however, steroids are often given when noradrenaline requirements reach 15-20mcg/min. Steroids are not detrimental in septic shock, and there are theoretical reasons why it may be of benefit, including enhanced efficacy of catecholamines. 
●
There is no outcome benefit for “High Dose” steroids, unless the patient requires these for cerebral abscess, where there may be significant mass effect from oedema.
4.
Bicarbonate
●
The treatment of increased anion gap metabolic acidosis is treatment of the cause

●
There is no outcome benefit for metabolic / lactic acidosis by the administration of bicarbonate.
5.
Hypoalbuminemia
●
There has been no outcome benefit shown for treating hypoalbuminaemia with albumin infusions in the setting of severe sepsis.
6.
Stress ulcer prophylaxis
●
This is recommended for all patients who are on mandatory ventilation and are not receiving full enteral nutrition.

●
Give a proton pump inhibitor such as omeprazole IV
7.
Normoglycaemia
●
It is desirable to avoid excessive hyperglycemia and any hypoglycemia. 

Surgical Intervention:
When the source of sepsis is not readily apparent, an “occult” surgical condition should always be considered, especially in the elderly or in any case where the patient is difficult to assess for reasons of communication. 
If there is a surgical source of infection, these will need to be treated early and aggressively:
1.
Abscesses will need drainage
2.
 Necrotic tissue will need debriding, eg clostridial myonecrosis.
3.
Any potentially infected devices will need to be removed.

ANTEPARTUM HEMORRHAGE

Introduction

Antepartum hemorrhage is defined as vaginal bleeding in pregnancy after 20 weeks of gestation and before the onset of labor.
Pathophysiology

The causes of antepartum hemorrhage may be classified as:
1.
Placenta Praevia.
2.
Placental Abruption (or “accidental” hemorrhage or premature placental separation or 
abruptio placentae)
3.
Incidental (ie non pregnancy related causes)
4.
Vasa praevia, (rare).

Placenta Praevia:
This is bleeding from separation of an abnormally placed placenta. Placenta previa generally is defined as the implantation of the placenta over or near the internal os of the cervix. 
It can be classified into 4 types:
Type 1: The placenta is in the lower segment but does not reach the internal os.
Type 2: The placenta reaches the margin of the internal os.
Type 3: The placenta partially covers the internal os.
Type 4: The placenta completely covers the internal os

Bleeding most commonly occurs after the 28th week and the incidence increases as gestation progresses.

Complications of Placenta Praevia include:
1. Maternal shock.
2. Fetal distress and death.
3. Coagulopathies, however these are uncommon in placenta praevia
4.
Fifty percent of women with placenta praevia have preterm delivery, which is a major cause of perinatal mortality.
Placental Abruption
The placenta separates from the uterus and hemorrhage occurs into the decidua basalis. Vaginal bleeding usually follows, although the presence of a concealed hemorrhage, in which the blood pools behind the placenta, also is possible. 

Severity of maternal shock and foetal distress correlates with the degree of placental separation. 

Classification of placental abruption is based on extent of separation (ie, partial vs complete) and location of separation (ie, marginal vs central), see clinical feature below.

Risk factors for placental abruption include:
1. Trauma, (this is the major risk factor)
2. Maternal age of 35 years or older.
3. Hypertension
4. Smoking.
5. Preeclampsia
6.
Many cases are idiopathic.
The complications of Placental Abruption include:
1. Maternal shock.
2. Fetal distress and death.
3. Coagulopathies, in particular DIC, is a major complication in abruptions.
4.
Renal failure (shock and microthrombosis).
Incidental causes:
These may include:
●
Heavy show / onset of labour.
●
Cervical ectropion / Carcinoma.
●
Cervicitis/ infection
●
Polyps
●
Vulval varices
●
Trauma
●
Unexplained
Vasa praevia:
This is a condition in which blood vessels within the placenta or the umbilical cord are trapped between the foetus and the cervical os or vagina. Bleeding may result from the rupture of these vessels (e.g. during artificial rupture of the membranes)
Clinical Assessment
Placenta Praevia
1. Painless bleeding
2. Blood tends to be “bright”
3. Usually no abdominal tenderness
4. Blood loss is largely “revealed”
5. Bleeding can be recurrent (and often progressively worse)
6. Presenting part is high and mobile
Placental Abruption
1. Painful bleeding.
2. Blood tends to be “dark”
3. Abdominal tenderness
4. Blood loss may be largely “concealed”. The absence of vaginal bleeding does not rule out an abruption.
5. Fundus may be higher than expected for dates
6. Uterine activity. Uterine contractions are a common finding with placental abruption. This is a sensitive marker of abruption and, in the absence of vaginal bleeding, should raise the suggestion of an abruption, especially following some form of trauma or in a patient with multiple risk factors.
Clinical characteristics of the different degrees of abruption include the following: 
Class 0 
Is asymptomatic. 
Diagnosis is made retrospectively by finding an organized blood clot or a depressed area on a delivered placenta.
Class 1 
Is mild and represents approximately 48% of all cases. 
Characteristics include the following:
1.
No vaginal bleeding to mild vaginal bleeding
2.
Slightly tender uterus
3.
Normal maternal BP and heart rate
4.
No coagulopathy
5.
No foetal distress
Class 2 
Is moderate and represents approximately 27% of all cases. 
Characteristics include the following:
1.
No vaginal bleeding to moderate vaginal bleeding
2.
Moderate-to-severe uterine tenderness with possible tetanic contractions
3.
Maternal tachycardia with orthostatic changes in BP and heart rate
4.
Fetal distress
5.
Hypofibrinogenemia (ie, 50-250 mg/dL)
Class 3
Is severe and represents approximately 24% of all cases. 
Characteristics include the following:
1.
No vaginal bleeding to heavy vaginal bleeding
2.
Very painful tetanic uterus
3.
Maternal shock
4.
Hypofibrinogenemia (ie, <150 mg/dL)
5.
Coagulopathy
6.
Fetal death
Investigations
Blood tests:
●
FBE
●
U&Es and glucose
●
Group and save or cross match, as clinically indicated.
●
Coagulation profile
●
Kleinhaur test
Ultrasound:
●
Abdominal ultrasound should be done to look for placenta previa or placental abruption.
CTG Monitoring:
●
This should be done to assess fetal well being and maternal contractions.
Management
1.
Immediate attention to any ABC issues.
●
IV access, large bore and with “pump set”. Take bloods, and fluid resuscitation as required.

2.
Notify obstetric unit early.

●
All patients with APH must be admitted.
3.
PV examination:
●
This is contraindicated in APH, (this may promote significant bleeding in 
cases of placenta praevia). 
●
Gentle speculum examination may be undertaken by the obstetrician under controlled circumstances (eg in theatre) to exclude “incidental” causes.
●
Generally it is best to check the placental site on a previous ultrasound before any vaginal examination is undertaken.
4.
Correct coagulopathy, if present
5.
Anti-D: 
●
This should be given as appropriate.
6.
Continuous CTG monitoring.

7.
The subsequent mode and urgency of delivery will then depend on a number of 
factors including:

●
The risk to the mother/ foetus.

●
The gestational age
●
The cause.

ECTOPIC PREGNANCY

Introduction
Ectopic pregnancy is a potentially lethal condition and so is an important diagnosis that needs to be considered in any woman of child bearing age who presents with abdominal pain and or vaginal bleeding.
Clinical history and examination cannot reliably make or rule out a diagnosis of ectopic pregnancy.

All suspected cases must therefore have a serum beta HCG performed and a pelvic ultrasound.

Pathophysiology
Predisposing Factors:
1.
IUD.
2.
Previous tubal pathology, including:
●
PID
●
Endometriosis
●
Previous surgery
●
Previous ectopic pregnancy.
3.
Increased age
4.
Assisted reproduction.
Heterotropic pregnancy:
The identification of an intrauterine pregnancy does not absolutely exclude the possibility of an ectopic pregnancy. 
A twin ectopic pregnancy may rarely co-exist with an intrauterine pregnancy (heterotopic pregnancy). 
The incidence of heterotopic pregnancies in the general population is uncommon, approximately 1:4000, however in patients who have undergone assisted reproduction this condition becomes relatively more important as the incidence rises to 1:100 to 1:500 

Clinical Features
Although always important, the clinical history and examination cannot make a definitive diagnosis of ectopic pregnancy. 
Beta HCG levels and ultrasound examination will be required to do this

Important points of history:
1.
Pelvic pain: 
●
This is seen in 90% of cases (usually localized to one side).
2.
Short period of amenorrhoea:
●
Most commonly this will be usually 6-8 weeks
3.
Vaginal bleeding:
●
Vaginal bleeding is seen in approximately 70% of cases, however, this is usually of minor degree only. 
●
Generally speaking ectopic pregnancies typically produce pain first followed by a small bleed compared to spontaneous abortions which tend to present with bleeding first followed by pain.
4.
Enquire about the recognized risk factors for ectopic pregnancy, (see above). 

Important points of examination:
1.
Assess the stability of the patient with respect to hemodynamic status.
●
This will be the most urgent consideration.
2.
Adnexal tenderness/ abdominal peritonism: 
●
Note that this may not always be present, and may not always be unilateral.
3.
Detection of an adnexal mass 
●
This is an unreliable sign, (it is detected in only 50% of cases at best).

Investigations
Blood tests:
1.
FBE
2.
U&Ss/ glucose
3.
Serum beta HCG:

●
Serum beta HCG is far more reliable than urinary tests for beta HCG.
●
A quantitative test is done, giving a beta HCG level, (see beta HCG guidelines). This is useful in enabling serial estimations to monitor pregnancy viability.
●
In urgent cases, a quick qualitative test (ie positive or negative) may be done rather than a quantitative test, (giving a level of beta HCG)
●
In very urgent cases, a urinary beta HCG, may be quicker however it must be kept in mind that this is less reliable than a serum result.
4.
Blood group and cross matching:
●
Blood is grouped and held or cross matched according to clinical necessity.
●
The blood group is also required in order to determine the need for anti D.

Ultrasound:
If the beta HCG is >1500 IU / L
Ultrasound should be able to detect an intrauterine pregnancy at these beta HCG levels.
The ectopic pregnancy itself may be seen within the fallopian tube.
If the uterine cavity is empty, the diagnosis must remain “ectopic pregnancy till proven otherwise”, even if the adnexal structures appear normal.
If the beta HCG is < 1500 IU / L
Ultrasonic diagnosis of ectopic pregnancy is more problematic with beta HCG levels that are below 1500 IU / L.
At these levels a gestational sac cannot be reliably detected even on transvaginal scans.
An empty uterine cavity or clear adnexa therefore cannot rule out the possibility of an early normal pregnancy or an early ectopic pregnancy.
Free fluid in the pouch of Douglas will be suggestive of ectopic pregnancy in these cases.
In these cases, the clinical state of the patient will be important in determining the disposition of the patient, (see below).
Laparoscopy:
●
Occasionally when beta HCG is elevated but ultrasound is non-diagnostic laparoscopic examination may be considered, when clinical suspicion of ectopic pregnancy remains particularly if the patient is unstable.

Management
Management of ectopic pregnancy may be:
1.
Expectant:
●
This may be appropriate in some asymptomatic patients in whom the beta HCG level is <1500 IU and with no pregnancy visualized on a transvaginal scan. 

2.
Medical:
●
Via the use of methotrexate
●
This option may be considered in stable patients in very early pregnancy.
●
Anti-D should be given in all cases as appropriate.
3.
Surgical:
●
By salpingectomy or salpingostomy.
●
For those patients who are unstable or not suitable for expectant or medical management.

Management options and priorities will primarily depend on the clinical stability of the patient.
1.
In hemodynamically unstable patients priorities include:
●
Initial fluid resuscitation
Establish two large bore catheter IV access and use giving sets with “hand pumps”.
●
Urgent quantitative serum beta HCG
●
Urgent notification of the obstetric unit
●
Ultrasound considerations:
An ultrasound may be organised to be done in the resuscitation cube. Unstable patients should never leave the department for ultrasound examination.
Ultrasound need not be performed at all when the patient is particularly unstable. A decision may be made by the obstetric unit to proceed directly to the operating theatre.
If the beta HCG level is <1500 IU / L then ultrasound confirmation of ectopic pregnancy may be problematic. 
If the patient is hemodynamically unstable (or has significant adnexal pain or tenderness), then ectopic pregnancy is not ruled out and these patients must be assessed by the obstetric unit.
2.
In hemodynamically stable patients where ectopic pregnancy has been diagnosed on ultrasound:
●
Medical or surgical management may be appropriate. 
●
Refer the patient to the obstetric unit
3.
In hemodynamically stable patients where ectopic pregnancy is suspected clinically but cannot definitely be diagnosed on ultrasound due to low level beta HCG, (< 1500 IU/L)
●
Management may be expectant in the first instance
●
Consultation should occur with the obstetric unit.
●
If the signs are mild or equivocal the obstetric unit may discharge the patient and arrange for serial beta HCG follow-up. 

POSTPARTUM HEMORRHAGE

Primary postpartum hemorrhage
Introduction
Primary post partum hemorrhage is vaginal blood loss of greater than 500 mls during third stage or within 24 hours afterwards.

Pathophysiology
Causes:
 The empty, contracted and uninjured uterus does not bleed.
1.
Uterine Atony

Placental related causes.

●
Retained placental tissue

●
Partial separation

Abnormal placental implantation:

●
Placenta praevia site.
●
Morbidly adherent, Placenta accreta (superficial), Placenta increta (into muscle), Placenta perceta (through muscle).
Non placental related causes:
●
Prolonged labour
●
Uterine over distension, such as polyhydramnios, multiple pregnancies or fibroids.
●
Prior placental abruption
●
Induced labours
2.
Trauma:
●
Lacerations of uterus, cervix or vagina
3.
Coagulopathy:

This is uncommon:

●
Blood dyscracias.
●
DIC, predisposed to by, severe PET, severe abruptions, FDIU (greater than 4 weeks), amniotic fluid embolism.

Clinical Assessment
Biannual palpation of the uterus may reveal bogginess, or uterine enlargement, with a large amount of accumulated blood or retained placental tissue.

Palpation may also reveal hematomas in the perineum or pelvis.

During suctioning, careful visual inspection of the cervix and vagina under good light may reveal the presence and extent of lacerations.

Examine the placenta for missing portions, which suggest the possibility of retained placental tissue.

Consider coagulopathy in cases of oozing from skin puncture sites or intravenous sites in patients with excessive bleeding.

Investigations
Blood tests:
●
FBE
●
U&Es and glucose
●
Group and save or cross match as clinically indicated.
●
Coagulation profile

Management
1.
Immediate attention to ABC issues:
●
IV access and fluid resuscitation as clinically required.
2.
If the placenta has not been delivered then it will need to be delivered:
●
Brandt-Andrews manoeuvre, controlled cord traction with the right hand whilst 
pushing on the fundus rosterally. With ulnar border of the left hand.
●
If above is not successful, the Dublin manoeuvre (fundal epulsion) may be 
tried. Give N2O and push vigorously caudally on the fundus.
●
If the placenta has not been delivered within 30 minutes then a manual 
removal under general anaesthesia will be required.   
●
Once the placenta has been delivered inspect for its completeness.

If the placenta has been delivered or there is ongoing bleeding:
3. 
“Rub up” the fundus.
4.
Drug options:
Oxytocin:

●
Oxytocin 40 units in 1 liter of Hartman’s solution over 4 hours.
Ergometrine:
●
Ergometrine 0.25 mg IV and repeat up to 1 mg total as necessary, (including 3rd stage)
Misoprostol: 
Misoprostol: 200-800 microgram. P.R. 
5.
Inspect the birth canal for any obvious traumatic bleeding points.

●
Packing or sutures to vaginal wounds

●
Cervical wounds may be clamped with sponge forceps.
6.
Further measures to help control bleeding include:
● 
“Bimanual compression”, fist into the anterior fornix and other hand behind 
the fundus and then compress the uterus.
●
The aorta may be compressed against the vertebral column at the level of the 
umbilicus.
7.
Urinary catheter when able.
8.
Correct any coagulopathy
9.
Treatment of uterine atony may also be with intramyometrial PGF2(
●
Dilute the 5 mg ampoule in 10mls saline.
●
Administer 1 mg (2 mls) repeated 2 minutely up to 5 mg if necessary.
●
The transabdominal route is preferred
●
This is usually done in theatre.

Toxic effects include:

●
Bronchospasm

●
Hypertension

●
Tachyarrhythmias
10.
Ultimately surgical intervention may be necessary.
●
Internal iliac artery ligation.
●
Hysterectomy
11.
Radiographic embolization techniques may also be tried.

Secondary postpartum hemorrhage

Introduction
Secondary post partum hemorrhage is vaginal bleeding from 24 hours post partum to the end of the pueperum (ie first 6 weeks post partum)

Pathophysiology
Causes:
1. Infection, the vast majority of cases will be due to an endometritis.
2. Retained products of conception.
3. Rarely trophoblastic disease, choriocarcinoma.

Complications:
1. Life threatening hemorrhage is much less common than with primary PPH, however it may still occur.
2. Sepsis

Clinical Assessment
Important issues will include the following:
History 
Pregnancy and labor predispositions to sepsis and retained placental products.

Examination
1. ABC, evidence of blood loss / shock.
2. Evidence of sepsis, endometritis, septicemia 
3. Uterus subinvolution, retained products.

Investigations
Blood tests:
●
FBE
●
CRP
●
U&Es and glucose
●
Group and save or cross match as clinically indicated.
●
Blood cultures if clinically indicated
●
Beta HCG, if choriocarcinoma is suspected. 
●
Coagulation profile as clinically indicated.

Microbiology
●
Cervical cultures.

Ultrasound:
●
To look for retained placental products.

Management
1. Immediate ABC issues
●
IV access, fluid resuscitation as clinically indicated.
2. IV antibiotics:
●
Ampicillin and metronidazole (to cover anaerobes).
3. Refer to the Obstetrics unit.
4. Retained placental products will require an EUA and curettage.

PREECLAMPSIA

Introduction

Pre-eclampsia is part of a spectrum of conditions known as the hypertensive disorders of pregnancy. Its exact pathophysiology is uncertain.

It is diagnosed when there is hypertension and proteinuria that develop after 20 weeks of gestation, but it is best considered as a multisystem disorder as a range of other important associated complications may also be seen.  

Pre-eclampsia is the commonest medical complication of pregnancy and is associated with substantial morbidity and mortality for both mother and baby. 

Although outcome is usually good with proper management, pre-eclampsia can be a devastating and life threatening condition for both mother and baby.

The most severe manifestation of pre-eclampsia is eclampsia, which is characterised by the onset of seizures. 

Patients who present with severe preeclampsia must be very closely monitored for impending eclampsia.

The most important initial therapy in severe pre-eclampsia is magnesium sulphate.

The only definitive “cure” is delivery

Pathophysiology
The syndrome poses a threat to both mother and foetus.
Current theories suggest that PET/eclampsia is a placental disorder, resulting in a widespread endothelial dysfunction and coagulopathy.
●
There is a generalized vasospasm resulting in hypertension and organ damage due 
to hypoxia, especially of the brain, liver and kidneys. 
●
There is a widespread increase in vascular permeability resulting in “third space” 
losses. There is a loss of albumin in the urine reducing intravascular osmotic pressures. The result is peripheral edema in association with a “contracted” 
intravascular volume.
●
The coagulopathy primarily manifests as a severe DIC or the HELLP syndrome.

Predisposing Clinical Factors: 
1.
It is most often seen in primagravidas and is uncommon in multigravidas.
2.
Pre-eclampsia in a previous pregnancy
3.
> 40 years of age
4.
Obesity (Body mass index  ≥  35) in early pregnancy.
5.
Blood pressure factors:

●
Diastolic blood pressure ≥ 80 mm Hg at booking in.

●
A failure of blood pressure to fall in mid-pregnancy.
6.
Multiple pregnancy.
7.
Certain co-morbidities:

●
Chronic hypertension

●
Renal disease

●
Diabetes

●
Presence of antiphospholipid antibodies
8.
Family history

Clinical Complications:
The disease process most commonly progresses from a “pre-clinical” stage, through a symptomless clinical stage (hypertension, edema, proteinuria, but without symptoms) to a clinical stage with symptoms.

The clinical stage with symptoms (“imminent” preeclampsia) may lead to a number of possible clinical crises as listed below:
1.
Eclampsia: 
●
This is the encephalopathic complication of altered conscious state and 
seizures. 
2.
Hypertensive emergencies:

●
Such as SAH or intracerebral hemorrhage.
3.
Hepatic:

●
This may range from mild impairment to fulminant failure.
4.
Renal:

●
Acute renal impairment / failure

●
Oliguria
5.
Hematological:

●
DIC

●
HELLP syndrome:


♥
“H” Hemolysis, “E” Elevated liver enzymes, “LP” Low platelets

●
Haemolysis
6.
Respiratory:

●
Acute pulmonary edema
7.
Fetal crisis:

●
Placental abruptions or infarctions.

●
Growth retardation.

●
FDIU 

Rarely a clinical crises may occur without preceding clinical signs of PET, sudden onset of seizures for example. 
However, within 24 hours the typical signs of edema, hypertension and proteinuria are seen.

Clinical Features
All pregnant women should have regular assessment of their blood pressure and urinary analysis for proteinuria. These checks should be routine minimums for any pregnant woman who presents to the ED

Establishing the diagnosis:
Pre-eclampsia is diagnosed when there is hypertension and proteinuria that develops after 20 weeks of gestation.

Hypertension defined as:
●
Systolic blood pressure ≥ 140 mm Hg 

Or 
●
Diastolic blood pressure ≥ 90 mm Hg
Proteinuria defined as: 
●
≥ 1+ on dipstick screening

Or
●
≥ 300 mg/day, (a more sensitive indicator)

Or
●
A ratio of protein to creatinine >30 mg/mmol. 2
Generalized edema:
●
Note that edema is no longer included in the diagnostic features of pre-eclampsia. 

It occurs equally in normal pregnancy and those with pre-eclampsia.

The rapid development of generalized edema however may be abnormal.
●
Note that ankle edema especially at the end of the day in pregnancy is normal. 

Morning ankle edema and edema of the hands and face are more suggestive features of abnormal edema.
Degree of severity:
As a rough guide severity may be assessed according to the following:

	Severity


	Blood Pressure
	Proteinuria
	Symptoms
	Biochemistry

	Mild


	140/90
	None
	None
	Normal

	Moderate


	150/ 95
	(+1)
	None
	Normal



	Severe


	160/110
	 (+2)
	Maybe present
	Abnormal



	Imminent


	160/110
	(+3)
	Present
	Abnormal


The features of severe or “imminent” eclampsia include: 
●
Clinical signs of preeclampsia:
♥
Hypertension, proteinuria, severe swelling of hands, face, or feet of sudden onset.
in addition to:
●
Symptoms
and/or:
●
Laboratory abnormalities, (see Investigations below).
Symptoms may include:
1.
Neurological:
●
Headache.
●
Drowsiness
●
Hyperactive reflexes and / or clonus. 
These neurological findings are precursors of convulsions, i.e. eclampsia, and require consideration of magnesium sulfate therapy and urgent delivery
2.
Visual disturbances:
●
Blurred vision or diplopia
●
Visual scotomata 
These may signify occipital cortical ischemia.
3.
Hepatic dysfunction:
●
RUQ abdominal pain and tenderness.

Eclampsia (or other crises) on occasions may occur suddenly without preceding clinical signs and symptoms of preeclampsia.

Preeclampsia (especially if symptomatic) may progress rapidly to fulminating complications and eclampsia.

Preeclampsia is an inevitably progressive process. The rapidity of progression of 
signs and symptoms is also important in addition to absolute values.

Differential Diagnoses
The other important causes of hypertension in pregnancy include:
1.
Gestational hypertension (pregnancy induced hypertension):
●
Hypertension detected for the first time after 20 weeks’ gestation, in the absence of proteinuria
●
Hypertension defined as systolic blood pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg
●
Resolves within three months after the birth
2.
Chronic hypertension:
Hypertension known to be present before pregnancy or detected before 20 weeks’ gestation
This can be:
●
Essential hypertension if there is no underlying cause
●
Secondary hypertension if associated with underlying disease
3.
Pre-eclampsia superimposed on chronic hypertension:
This is defined as onset of new signs or symptoms of pre-eclampsia after 20 weeks’ gestation in a woman with known chronic hypertension

Investigations 
When preeclampsia is suspected the following investigations will be needed: 
Blood tests:
1.
FBE
●
Look in particular for thrombocytopenia, an early sign of DIC.
2.
U&Es and glucose
●
For renal impairment/ failure.
●
Serum/plasma creatinine ≥ 0.09 mmol/L is significant.
3.
LFTs
●
A rise in liver enzymes, especially aspartate aminotransferase (AST) indicates hepatic cellular damage.
4.
Coagulation profile.
●
INR, APPT, fibrinogen and FDPs
5.
Serum uric acid:
●
Uric acid clearance falls in pre-eclampsia, and there is a reciprocal rise in serum levels. A value exceeding 0.35 mmol/L is abnormal.

Urine:
●
FWT (note that protein may also be due to infection or contamination)
●
MSU for M&C, (to rule out infection)
●
Macroscopic haematuria and/or casts on microscopy suggest an underlying renal 
parenchymal disease.

CTG:
●
To monitor fetal well-being.

Severe/Imminent PET is diagnosed when there are symptoms and/or laboratory abnormalities. Intrauterine growth restriction is also a significant finding.

Management
Preventive measures:
Low dose aspirin reduces the risk of pre-eclampsia and of foetal death. 
Data from a World Health Organization trial of women with low calcium intake support a modest reduction in the risk of pre-eclampsia associated with calcium supplementation compared with placebo. 
For mild to moderate hypertension, antihypertensive drugs will help prevent the development of a hypertensive crisis.1 Diuretics are not advised for gestational hypertension.

Management of established cases:
1.
General nursing:

●
Monitor vital signs closely

●
Nurse in a calm and quite environment

●
Nurse in the left lateral position

●
Commence a strict fluid balance chart
2.
Establish IV access.
3.
Establish monitoring:
The exact degree of monitoring required will be determined by how unwell the patient is.

The following should be considered:
●
IDC, (monitor for oliguria, a urine output of at least 0.5 mls/kg/hr is 
desirable.
●
Blood pressure (non invasive/ arterial line)
●
ECG
●
Pulse oximeter

●
CTG monitoring
4.
Oral antihypertensive drugs: 
●
Oral antihypertensive drugs are mandatory for systolic blood pressure ≥ 170 mm Hg or diastolic pressure ≥ 110 mm Hg, although lower thresholds are advisable if signs or symptoms are present.

Options include:
●
Labetolol
●
Methyldopa
●
Nifedipine SR

Severe or imminent cases will require more aggressive treatment:
5.
Magnesium sulphate:
●
There is now good evidence that, for women with severe pre-eclampsia, 
magnesium sulphate more than halves the risk of progression to eclampsia 
and probably reduces the risk of maternal death as well

●
Magnesium sulphate is the drug of choice for treating eclamptic fits.

●
It should generally precede any antihypertensive therapy.

Note that prophylactic phenytoin is not recommended.
6.
Parenteral antihypertensive:
There are two main options:
●
IV hydralazine
●
IV labetolol, 
7.
Delivery:
The only definitive “cure” for pre-eclampsia is to deliver the placenta. 
Delivery is generally indicated in severe pre-eclampsia or in a foetus of greater than 37 weeks gestation.

Decisions about the exact timing on this as well as the mode of delivery (i.e. induced labour or caesarean section) can be complex, and are assessed on a case by case basis by the treating Obstetric Unit.

Factors that come into consideration will include
●
The well being of the mother
●
The well being of the baby
●
The maturity of the baby
●
The informed wishes of the mother

It should be noted however that the risks of pre-eclampsia do not resolve immediately upon delivery and that in fact both pre-eclampsia and eclampsia can occasionally present for the first time after the birth. 

As a general rule most women will show signs of recovery within the first 24 hours of delivery.

Syntocinon may be used, but ergometrine should not be used.

Disposition
Any woman who presents to the ED with preeclampsia must be discussed with the Obstetric Unit.
Patients with severe preeclampsia must be monitored, and admission should be to a High Dependency Unit, or Birthing Suite where this can occur.

After a pregnancy complicated by pre-eclampsia, women should be advised of the risk of recurrence and assessed for chronic hypertension and other underlying conditions Women who have had pre-eclampsia are at increased risk of developing it again in subsequent pregnancies and need to be advised of this.

ECLAMPSIA

Introduction
Eclampsia can be defined as the encephalopathic complications of severe or imminent PET (see also PET guidelines)
This is usually seizures, coma and altered conscious state, but there can also be associated disturbances in renal, hepatic and hematological systems.

Pathophysiology
For the pathophysiology of PET and eclampsia see PET guidelines.
The eclamptic cerebral complications are thought to be due to a hypertensive encephalopathy, including the effects of cerebral vessel vasospasm.

Complications
In addition to the encephalopathic complications of eclampsia the following clinical “crises” may also be seen in association with severe PET or eclampsia:
1.
Acute renal failure.
2.
Hypertensive emergencies such as SAH or intracerebral hemorrhage.
3.
Coagulopathy:

●
DIC

●
HELLP syndrome:


♥
“H” Hemolysis “E” Elevated liver enzymes “LP” Low platelets
4.
Hepatic:

●
Impairment or failure
5.
Fetal crisis:

●
Placental abruptions

●
Growth retardation.

●
FDIU

Clinical Features
●
The diagnosis of eclampsia will be made on clinical grounds based on the presence of the signs of PET with seizures.
●
The condition usually occurs from the second trimester to about 10 days post delivery.
●
Other possible causes of the clinical features such as hypertension and seizures, however, will need always to be considered and ruled out.
●
The event itself is unpredictable and occasionally  there may be a sudden onset of eclamptic seizures with only mild preceding clinical signs of PET - However, within 24 hours the typical signs of edema, hypertension and proteinuria will often be seen.
●
Eclamptic seizures are almost always self-limited to a few minutes only.
Investigations
The following investigations will be needed:

Blood tests:
●
FBE
●
U&Es and glucose
●
LFTs
●
Coagulation profile.
●
Calcium
●
Uric acid
●
Blood group and hold or cross matched, as clinically indicated.

Urine:
●
FWT (protein may also be due to infection or contamination)
●
MSU for M&C 
CTG:
●
To monitor fetal well being.

CT Scan Brain
●
In general, women with typical eclamptic seizures who do not have focal neurologic deficits or prolonged coma will not require a CT.
●
Any patient who has focal or ongoing CNS symptoms (coma and seizures) must have a CT scan of the brain to rule out secondary problems such as intracerebral hemorrhage or SAH or other unsuspected preexisting pathology such as a space occupying lesion.

Management
1.
The immediate priority is control of any seizures with attention to any ABC issues.

●
IV access

●
Nurse in a calm, quiet environment. 

●
Place in the left lateral position, (to avoid IVC compression and circulatory 

compromise)
2.
Check bedside glucose level.
3.
Control seizures:
●
IV diazepam if rapid control of seizure activity is required in the first instance.
●
MgS04 will also control seizures, possibly by causing cerebral vasodilation (hence reversing the vasospasm that causes the seizures). It is also better at preventing recurrent seizures than phenytoin.
●
If seizures remain difficult to control IV phenytoin may be considered as a second line agent. Unlike MgS04, it is a true anticonvulsant.
4.
Establish monitoring:
●
ECG
●
Pulse oximetry
●
Blood pressure: non-invasive or invasive depending on how unwell the patient 
is.
●
IDC, a urine output of > 0.5 ml/kg/hr is aimed for.
●
Fetal monitoring by continuous CTG

●
CVC is not routine, but is considered when fluid balance needs to be more 

closely monitored.
5.
MgS04 infusion.
All patients must be commenced on a MgS04 infusion.
●
It is sedating.
●
Its vasodilatory effects are beneficial for the hypertension and will help control and prevent seizures. Although not considered to be a true anticonvulsant it does cause cerebral vasodilation and hence treat the “root cause” of the encephalopathy.

●
MgS04 infusion should generally precede any antihypertensive therapy.

Dosing:
●
Loading dose 4 grams IV over 10-20 minutes (at not more than one gram per minute)
●
A second bolus dose may be given if seizures recur. 
●
Infusion is then continued at a rate of 2-3 grams per hour, until at least 24 
hours post delivery.

Monitoring:
Close monitoring will be necessary for all patients on MgS04 infusions:
●
Conscious state 
●
Blood pressure
●
Respiratory rate (<15)
●
Temperature, (look for hypothermia)
●
Loss of deep tendon reflexes
●
ECG, (severe toxicity may result in arrhythmias) 
●
Blood levels of Mg (2.0 - 3.5 mmol/L is therapeutic, > 3.5 mmol/L is toxic)

Note that MgS04 may also act as a tocolytic agent, necessitating increased doses of 
syntocinon, and in the event of post partum haemorrhage, uterine atony may be a 
contributing factor.  
Antidote:
●
The antidote to magnesium toxicity is the slow IV administration of 10 - 20 mls of 10% Calcium gluconate
6.
Fluid resuscitation:
Pre-eclamptic women, although peripherally edematous, are also intravascular deplete. Despite this they are also susceptible to pulmonary edema with excessive fluid loading, and so caution must be maintained when administering IV fluids.  


Maintenance fluids should in general be limited to 2 liters per day. 


Fluid boluses of 250 mls -500 mls (saline or Hartman's) may be indicated for:
●
Prior to the commencement of parenteral antihypertensive treatment.
●
Prior to epidural analgesia
●
Prior to delivery
●
Management of hypotension and oliguria
Diuretics must in general be avoided. 
7.
Control of hypertension:
●
This is best done with IV hydralazine.
●
It is important not to administer antihypertensive drugs until intravascular volume replacement has commenced. In view of the usual intravascular space contracture, even small amounts of vasodilation can result in precipitous drops in blood pressure, which in turn can lead to placental hypoperfusion and foetal compromise.
●
Initially 5-10 mg IV hydralazine slow bolus over 5-10 minutes may be given. 
●
If more doses are required it is preferable to commence a hydralazine infusion at 5 mg per hour adjusted according to blood pressure response.
8.
Coagulopathy:
●
FFP and platelets may be required to correct coagulopathy. 
●
This should always be done in consultation with the haematologist and 
O&G consultant. 

9.
Steroids:
●
These are given to enhance foetal lung maturity and are not necessary unless the gestation is earlier than 34 weeks.  

10.
Delivery:
Delivery is the definitive management for patients suffering from eclampsia.
Decisions on the exact timing and the mode of delivery are judged on an individual case by case basis. There must be close consultation with between all involved specialties.   

Options include:
●
Urgent delivery (within hours) by Caesarean section in cases of compromised 
maternal/ fetal condition.
●
If maternal and fetal conditions are stable then attempted induction and vaginal delivery with 12-24 hours may be considered. This time frame may be stretched to 48 hours to give steroids in cases of fetal immaturity, providing both mother and baby remain stable.
11.
Post delivery:
Note that following delivery treatment must be continued, as eclamptic complications such as seizures may still occur up to 10 days post delivery.

Magnesium infusions are continued for at least 24 hours post delivery.
Conversion to oral antihypertensives, such as labetolol or nifedipine as required 

Disposition
In all cases notify the following urgently: 
●
ED consultant. 
●
Obstetrics unit.
●
ICU consultant.
●
Anesthetics Unit
●
Hematologist for any coagulopathy  issues
●
Paediatric unit

COMPARTMENT SYNDROMES

Introduction
Compartment syndromes can severely comprise neurovascular status of the muscle compartment involved.
The condition is most often seen within muscular fascial compartments of a limb, but any fascial compartment may be involved.
Fasciotomy should be considered before neurovascular compromise, which is a late sign.

Pathophysiology
1.
Compartment syndromes occur secondary to pressure within closed tissue spaces 
and 
lead to ischaemic injury and rhabdomyolysis.
2.
Normal tissue pressures are around 0-10 mmHg.
3.
Capillary flow is generally compromised at >20 mmHg.
4.
At pressures >30-40 mmHg muscle in particular, and to a lesser extent nerve tissue, are at risk of ischaemic necrosis, even though arterial and arteriolar flow may still not be compromised.
5.
By the time distal pulses are reduced a degree of muscle necrosis has already 
occurred and ischaemic muscle will be painful when either actively contracted or 
passively stretched.

Late complications:
1.
Local ischaemic necrosis, usually after 4-6 hours of cessation of capillary flow.
2.
Systemic complications of rhabdomyolysis
Causes:
1.
Reduced compartment size.

●
Constrictive dressings and casts.

●
Thermal or cold injury.

●
Prolonged compression, from any cause.
2.
Increased volume within a compartment.

Edema fluid accumulation:

●
Excessive exertion (perhaps in those “predisposed” with poor venous drainage).

●
Direct tissue injury: burns, cold, toxins, venoms.

●
Secondary to ischaemia from whatever cause.

Haemorrhagic accumulation:

●
Fractures

●
Crush injury (also edema)

●
Vessel damage.

Clinical Features
Early signs:
●
Severe and constant pain in the involved compartment.
●
Pain on passive stretching of involved muscles.
●
Pain on active contraction of involved muscle.
●
Tense, typically “woody” feeling to palpation of the involved compartment.

Late signs:
●
Decreased pulses and decreased capillary return, this sign is late and irreversible 
damage may have already occurred before this.
●
Muscle paralysis and reduced sensation in the distribution of the involved nerves 
traversing the compartment.

Investigations
Plain x-rays 
●
Should be done as clinically indicated
Bloods:
●
Urgent U&Es, to rule out hyperkalemia
●
Consider FBE/ coagulation profile, in hemorrhagic cases. 
ECG 
●
Look for hypekalemic changes.
Measurement of Compartment Pressures:
This can be done either of 2 ways:
●
The stryker intra-compartment pressure monitor, (see separate guidelines).
●
If a stryker devise is not available, pressure can be measured using an arterial pressure 
line set up, as described below.
The arterial line monitor set up
1.
Set up arterial pressure monitor.
2.
Strap transducer at level of compartment.
3.
Attach large bore jelco (16G) stylette to arterial line.
4.
Prep skin.
5.
Use only small (½-1 ml) local anesthetic under skin only. (Avoid injecting excessive 
local anesthetic agent which may falsely elevate pressure readings).
6.
Insert needle into compartment.
7.
“Zero” monitor in usual way.
8.
Record compartment pressure.

Management 
Initial ED Management
1.
Elevate the limb
2.
Remove any restricting plasters/ dressings/ clothing.
3.
Analgesia, as clinically indicated.

●
This will usually require narcotic analgesia.
4.
Plain x-rays, bloods, ECG as described above.
5.
IV fluids. 

As a general management pathway guide:
Asses for early signs, tense “woody” swelling, extreme pain.


Neurovascular compromise                 No neurovascular compromise


Urgent fasciotomy                                Measure pressures

(Not, pressure measurements!)

     Tissue pressure: >30-40mmHg or within 30-40mmHg of mean arterial pressure. 


                                                           No                                    Yes


                                                 Close observation.                   Fasciotomy

                             Fasciotomy may still be required on clinical

                                                        grounds.

Disposition

●
Most commonly a limb fascial compartment will be involved and these should generally be referred to the orthopedic unit.

●
If there is going to be significant delay before an orthopedic consultation can occur, then a general surgical referral should be made. 

OSTEOMYELITIS

Introduction
Osteomyelitis is an acute or chronic inflammatory process of the bone and its structures secondary to infection with pyogenic organisms.

Pathophysiology
Osteomyelitis may be acute or chronic. 

Acute:
There are two recognized types:
1. Acute hematogenous osteomyelitis:
●
Is characterized by an acute infection of the bone caused by the seeding of the bacteria within the bone from a remote source. 
●
This condition is most commonly seen in children. The most common site in children is the rapidly growing and highly vascular metaphysis of long bones, especially the tibia and femur. 
●
If it occurs in adults, then the axial skeleton is the usual site.
●
Acute hematogenous osteomyelitis, despite its name, may have a slow clinical development and insidious onset. 
2. Direct inoculation (or contiguous-focus) osteomyelitis:
●
Is an infection in the bone secondary to the inoculation of organisms from direct penetrating trauma, or following a surgical procedure.
●
Clinical manifestations of direct inoculation osteomyelitis tend to be more localized than those of hematogenous osteomyelitis and more often involve multiple organisms. 

Chronic osteomyelitis:
●
Chronic osteomyelitis persists or recurs, regardless of its initial cause and/or mechanism and despite aggressive intervention.
Organisms:
1.
Staphylococcus aureus is the most frequent causative organism in all types of osteomyelitis.
2.
Streptococcus.
3.
Hemophilus influenzae
In diabetics, immunocompromised, nosocomial and chronic infections: 
4.
Gram negative, enterobacteria 
5.
Pseudomonas aeruginosa
6.
Mycobacterium tuberculosis

Predisposing Factors:
1.
Penetrating trauma.
2.
Compound fractures
3.
Surgical procedures
4.
Foreign bodies within bone, including surgical prostheses
5.
Dead bone, (ischemic necrosis of bone results in the separation of devascularised fragments known as sequestra) 
6.
Peripheral vascular disease, especially in association with diabetes. Involvement here is usually seen in the feet. 
7.
Immunosuppression

Complications:
1.
Bone abscess.
2.
Bacteremia.
3.
Pathological fracture
4.
Loosening of the prosthetic implant
5.
Overlying soft-tissue cellulitis, including gas forming infections.
6.
Chronic draining soft-tissue sinus tracts

Clinical Features
1. Fever, may or may not be present.
2. Local pain and tenderness.
3. In children, reluctance or non use of a limb may be the presenting feature.
4. Chronic osteomyelitis may be associated with nonhealing ulcers and sinus tract drainage.

Investigations
Blood tests:
●
FBE
●
CRP
●
U&Es / glucose.
●
Blood cultures.

Plain X-rays:
●
X-ray evidence of acute osteomyelitis first is suggested by overlying soft-tissue edema at 3-5 days after infection.
●
Bony changes are not evident for at least days and initially manifest as periosteal elevation followed by cortical or medullary lucencies.
●
Approximately 40-50% focal bone loss is necessary to cause detectable lucency on plain films.

Bone scan:
●
A 3-phase bone scan with technetium 99m is the imaging modality of choice, where the plain X-ray results are not helpful.

CT scan:
●
Can detect evidence of osteomyelitis before any plain X-ray changes.
●
CT scans can depict abnormal calcification, ossification, and intracortical abnormalities.
●
It probably is most useful in the evaluation of spinal vertebral lesions.

MRI;
●
Can detect evidence of osteomyelitis before any plain X-ray changes.
●
The MRI is effective in the early detection of osteomyelitis. It may detect it even before bone nuclear medicine scanning or CT scanning.
●
Sensitivity ranges from 90-100%.

Microbiology;
●
If there is any sinus discharge, this may be sent for micro and culture, although results from this may be misleading in chronic infections. 
●
On occasions only the histopathological examination of a bone biopsy specimen will permit the accurate diagnosis of osteomyelitis. This is especially the case for vertebral infections.
●
If all cultures are negative, tuberculosis or malignancy needs to be considered.

Making the diagnosis 
Diagnosis requires 2 of the 4 following criteria: 
●
Purulent material on aspiration of affected bone.
●
Positive findings of bone tissue or blood culture.
●
Localized classic physical findings of bony tenderness, with overlying soft-tissue erythema or edema.
●
Positive radiological imaging study.

Management
1. Attend to any immediate ABC issues, if the patient is unwell.
2. IV access, take bloods.
3. Give analgesia as clinically indicated
4. Antibiotic therapy: 1
The exact timing of the institution of antibiotics in cases of suspected osteomyelitis, as for cases of suspected, osteomyelitis, is problematic. In general terms antibiotics should not be given until an orthopedic review or opinion has been obtained. This is because it is important to obtain a microbiological specimen for culture and sensitivity testing before any antibiotics are given.
●
Empirical therapy should be with flucloxacillin.
●
Cefotaxime should be added for children less than 5 years not immunized against Haemophilus Influenzae type B, or if gram negative sepsis is suspected. 
●
For patients allergic to penicillin, clindamycin or lincomycin should be used.
●
Antibiotic treatment will need to be continued for a minimum of 4-6 weeks. In chronic osteomyelitis, many months may be required.

In certain cases empiric antibiotics may need to be given even before an aspirate has been taken. These cases include: 
●
The patient appears very unwell, (septic shock)
●
The patient has significant underlying immunocompromise, (such as febrile neutropenia or recent chemotherapy)
5.
Osteomyelitis in association with surgical prostheses is extremely difficult to treat. 1
●
The best chance of cure is in those patients who present within 2 weeks of surgery.
●
Cure rates of less than 50% have been reported for the more chronic infections if the prosthetic material is not removed.
●
If prosthesis removal is not possible, a cure is ultimately unlikely and suppression of infection with long term antibiotics will be necessary.

Disposition

All cases of suspected osteomyelitis must be referred to the orthopedic unit.

ABBREVIATIONS

	
	

	ABC
	Airway breathing circulation

	ABG
	Arterial blood gas

	ACS
	Acute coronary syndrome

	AFB
	Acid fast bacillus (TB)

	AKA
	Alcoholic ketoacidosis

	ALS
	Advance life support

	ARDS
	Acute respiratory distress syndrome

	ARVC
	Arrhythmogenic right ventricular cardiomyopathy

	ASIS
	Anterior superior iliac spine

	BLS
	Basic life support

	BNP
	B type natriuretic peptide

	BSA
	Body surface area

	BSL
	Blood sugar level

	CAGS
	Coronary artery graft surgery

	CAP
	Community acquired pneumonia

	CCF
	Congestive cardiac failure

	CK 
	Creatinine kinase

	CNS
	Central nervous system

	CO
	Carbon monoxide

	CPAP
	Continuous positive airway pressure

	CPR
	Cardiopulmonary resuscitation

	CRP
	C reactive protein

	CT
	Computerised tomography

	CTPA
	Computerised tomography pulmonary angiogram

	CVC
	Central venous catheter

	CVS
	Cardiovascular system

	Cx Spine
	Cervical spine

	CXR
	Chest Xray

	DIC
	Disseminated intravascular coagulation

	DKA
	Diabetic ketoacidosis

	DPL
	Diagnostic peritoneal lavage

	DVT
	Deep venous thrombosis

	ECG
	Electrocardiogram

	ECMO
	Extracorporeal membrane oxygenation

	ED
	Emergency Department

	EEG 
	Electroencephalogram

	ERCP
	Endoscopic retrograde cholangiopancreatography

	FBE
	Full blood examination

	FDIU
	Foetal death in utero

	FEV
	Forced expiratory volume

	FFP
	Fresh frozen plasma

	GCS
	Glasgow Coma Score

	GIT
	Gastro intestinal tract

	GORD
	Gastro-oesophageal reflux disorder

	HAP
	Hospital acquired pneumonia

	HDU
	High dependency unit

	HSE
	Herpes simplex encephalitis

	ICH
	Intracranial haemorrhage

	ICU
	Intensive care unit

	IDC
	Indwelling (urinary) catheter

	INR
	International ratio

	IVDU
	Intravenous drug user 

	LBBB
	Left bundle branch block

	LFT
	Liver function tests

	LP
	Lumbar puncture

	LVF
	Left ventricular failure

	MRA
	Magnetic resonance angiography

	MRI
	Magnetic resonance imaging

	NIV
	Non invasive ventilation

	NOAC
	New oral anticoagulant

	NSTEACS
	Non ST elevation acute coronary syndrome

	PCI
	Percutaneous coronary intervention

	PCR
	Polymerase chain reaction

	PE
	Pulmonary embolism

	PEFR
	Peak expiratory flow rate

	PUO
	Pyrexia of unknown origin

	RIF
	Right iliac fossa

	SAH
	Sub arachnoid haemorrhage

	SE
	Status epilepticus

	SSU
	Short stay unit

	STEMI
	ST elevation myocardial infarction

	TCA
	Tricyclic antidepressant agents (drugs)

	TOE
	Transoesophageal echocardiography

	TTE
	Trans thoracic echocardiography

	U & E
	Urea and electrolytes

	UTI
	Urinary tract infection

	V/Q
	Ventilation/perfusion

	VUJ
	Vesico ureteric junction

	WCC
	White cell count

	WPW
	Wolf Parkinson White syndrome
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