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Clinical Intensive Care and Acute Medicine

This new edition provides an accessible account of the essentials of intensive
care medicine. The core of the book focuses on areas common to all
critically ill patients including fluid therapy, sedation, shock, infection and
other central topics. This key understanding of basic pathophysiological
principles provides an excellent launch pad for the section on individual
diesease entities encompassing haematology, gastroenterology, nephrology,
endocrinology, the respiratory system, cardiovascular pathology, poisoning
and neurology. Economic and ethical issues are also covered, and the text is
supported by numerous problem-oriented guidelines to help the care
provider tackle real-life practical problems as encountered in the ICU. In the
same spirit, wherever possible, the authors provide precise and meaningful
advice, rather than bland generalisations. This new edition reflects the
excitement, challenges and uniqueness of intensive care medicine, for the
benefit of all residents, trainees, nursing staff and paramedics attached to the
ICU.



‘While the book is specifically directed at junior medical officers, it will also be
useful as an aid to the part-time intensivist and postgraduate medical and nursing
education. Even for those intensive care units that already have well defined
protocols, this book will fulfil an invaluable educational role. This book is an
essential addition to all intensive care libraries.” Anaesthesia and Intensive Care

‘For those of us who run intensive care units (ICU), faced with trainees of varying
experience whose first question on the unit is “What book should I buy?”. I can now
tell them — this one. I recommend this text strongly for trainees in ICU. It will also
prove useful for those preparing to take a fellowship examination. It is extremely
good value.” British Journal of Surgery

“The clinical content of the book is sound and comprehensive and the authors are
clearly masters of their topic. The volume under review is certainly a worthy addition
to a burgeoning literature.” Journal of the Royal College of Physicians of London

‘T appreciated its pragmatic approach to complex problem solving. It’s size,
comprehensive coverage and cost should make it an attractive competitor for other
well established texts in the same area.” Anaesthetist

‘The book conveys the information with a combination of clear descriptive
paragraphs and bulleted points allowing easy reference. At the end of many chapters
there are ‘trouble-shooting’ sections that highlight specific common problems such
as oliguria — problem-oriented lists that can be quickly read by the junior doctor in
time of need. I like this book for its clarity and conclusion. Very definitely a useful
on-call-room companion.’ Journal of the Royal Society
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Preface to the first edition

The book is aimed at junior medical staff who rotate through intensive care
units (ICUs) and other physicians who are involved in managing patients in an
ICU, but not necessarily as their primary specialty. It may also prove useful to
any member of the paramedical or nursing profession who is involved in acute
medicine. The book initially arose from the need to give resident medical staff
rotating through our own ICU a crash course in intensive care medicine. At
present this subject is not universally taught to undergraduates and too often,
exposure as a postgraduate turns out to be learning by experience.

Intensive care medicine is an exciting and rapidly developing specialty. There
are two major problems with writing a book about it at this point of time. Firstly,
it may be out of date before it is published and secondly, it may not capture the
flavour of intensive care medicine. Just as a committee of specialists representing
each organ may not necessarily be the best way to approach the multiorgan
problems of the critically ill, then a book which only summarises the conventional
wisdom of other specialties may not be the best book on intensive care medicine.
Itis a new specialty, drawing on the knowledge of other specialties, but also having
expertise unique to itself. The specialty has its own journals and meetings as well
as nursing and medical specialists. We have tried to make this book reflect the
uniqueness of intensive care medicine. We have also incorporated as much recent
knowledge as possible in order to prevent premature ageing.

The core of the book concentrates on areas common to all critically ill pa-
tients rather than on specific diseases. These chapters are to be found mainly
in the first part of the book. It is essential to understand the basic pathophysi-
ological principles common to all seriously ill patients before concentrating on
individual disease entities. Thus, chapters such as Routine Care of the Seriously
I1l, Fluids, Nutrition, Cardiovascular Failure, Respiratory Failure, Infection, Re-
suscitation, Sedation, Ventilation, Monitoring and Intracranial Disasters could
be relevant to all seriously ill patients, no matter what the aetiology of the disease
process. These chapters represent the core knowledge of intensive care medicine.
We have devoted the remaining chapters to specific problems and diseases. These

xiii
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Preface to the first edition

include Haematology, Gastroenterology, Nephrology, Endocrinology, the Respi-
ratory System, Cardiovascular Pathology, Poisoning and Neurology. Discussion
in these chapters is limited to the subject’s relevance in the setting of the seri-
ously ill. The reader is continually referred from these specific chapters to the
core chapters. Finally, no matter how small the book about intensive care is, it
cannot afford to dismiss economic and ethical issues. These are covered in the last
chapter. Readers are encouraged to familiarise themselves with the core chapters
and to refer to individual diseases as necessary. At the end of each chapter, we
have included some articles and web sites for further reading. These are mainly
of a review nature.

Many chapters also have problem-orientated guidelines to aid the reader. Many
problems encountered by junior medical staff are common in different diseases
butare not often specifically addressed. Examples include ‘Fighting the Ventilator’,
‘Interpreting Non-Specific Opacities on the Chest Radiograph’, ‘The Confused
Patient’ and ‘Sudden Hypoxia’ We have tried to identify specific areas which may
assist the resident when confronted with these practical problems in the ICU.
These guidelines are scattered throughout the book in relevant chapters and for
easy access, a list is provided at the beginning of the book.

Because of the rapidly developing nature of intensive care medicine, we have
drawn on recent publications and integrated these findings into ‘accepted prac-
tice’. ‘Accepted practice’ is, of course, a variable and mobile concept. One of
the dilemmas is always distinguishing between initial enthusiasm and a growing
weight of opinion. For example, we feel there is a move away from invasive to
non-invasive monitoring and have put what we consider an appropriate emphasis
on that line. Similarly, we sense a tendency to use pressure-support ventilatory
modes rather than simply employing controlled mandatory ventilation. Time
and more research will demonstrate whether this is correct. In combining the
latest information with accepted practice we have tempered the final guidelines
with what we have found to work in the clinical situation. We make no apology
for the clinical flavour of the book.

As much as one tries to avoid controversy in a textbook it could only be
achieved by reverting to bland and vague suggestions such as ‘support the patient’,
‘give fluids’ and ‘give oxygen’. We have tried wherever possible to give precise
and meaningful ‘bottom line messages’. In doing so, one runs the risk of giving
messages which are not accepted by everyone. We have taken that risk rather
than resort to vague and safe alternatives, in the knowledge that the individual
specialists supervising junior medical staff are encouraged to modify management
within their own unit’s protocols.

Finally, we would like to gratefully acknowledge the inspiration and pleasure
we have had from working with all our patients, junior medical colleagues and
nursing staff in intensive care over the years.



Preface to the second edition

The second edition of Clinical Intensive Care maintains many of its original
features. It is primarily aimed at those practising Intensive Care Medicine at the
bedside with practical troubleshooting tables and chapters which distil theory into
relevant guidelines for management. While the whole book has been updated to
include what we believe are the most important advances in acute medicine, the
size of the book has been deliberately kept the same.

Intensive Care Medicine is now a mature specialty practised in every major
hospital and the principles of this specialty are now being applied in the manage-
ment of patients in every part of the hospital. The walls of intensive care units are
becoming more virtual as their staff are being asked to consult on the seriously
ill both before and after their admission to the intensive care unit. Increasingly
the principles of acute medicine are part of the knowledge base of intensive care
medicine and are being captured in its journals and textbooks. It seemed appro-
priate therefore that the title of the book changed to ‘Clinical Intensive Care and
Acute Medicine’. The principles of the book can be used by intensive care staff
consulting on general wards as well as by other specialists caring for potentially
seriously ill patients on general wards.
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A systematic approach to caring
for the seriously ill

* A hospital-wide system is essential for early recognition and rapid resus-
citation of the seriously ill in order to limit tissue damage and optimise
outcomes.

« High dependency units (HDUs) allow a more flexible approach to managing
a hospital’s seriously ill population.

Intensive care medicine is no longer practised wholly within the four walls of
the intensive care unit (ICU). The traditional ICU patient with multiorgan fail-
ure (MOF) being supported with artificial ventilation, dialytic therapy, multiple
inotropes and complex monitoring is still strongly associated with the image of
an ICU. However, the skills of intensive care physicians are increasingly being
utilised in a systematic way across the entire hospital. Optimal management of
patients before they are admitted to ICU has a large influence, firstly on whether
the admission may have been avoided with earlier intervention and secondly on
the level of support required if they were admitted; and thirdly on their eventual
outcome. Patients who are allowed to develop severe shock and extensive organ
dysfunction require greater resources for a longer time in the ICU than if they
had been treated at an earlier stage.

Intensive care medicine is increasingly being defined by care of the seriously
ill across the acute hospital, rather than within the ICU. This can be illustrated
by imagining a 600-bed hospital with four intensive care beds as opposed to
40. The four beds would be occupied by severely ill patients with maximum
support. Because of the severity of illness and terminal state of many of the
patients, the mortality of this ICU would be high and many others throughout
the hospital would suffer severe complications as a result of delayed resuscitation
and the effects of prolonged ischaemia and hypoxia. Some of these patients would
eventually qualify for one of the few ICU beds. Staff who work in these units may
even be disdainful of the role of the 40-bed unit, where many patients may not
even be intubated and ventilated, i.e. not ‘real’ ICUs. Forty beds may, in fact, be
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too many. But the real point is that if there are insufficient ICU beds, patients will
eventually be admitted to the ICU when the disease state may be irreversible.

Seriously ill patients situated anywhere in a hospital need to be triaged as one
does in an emergency department (ED). In fact many sick in-hospital patients
may receive better treatment if they were wheeled out of the hospital and in
through the ED where they would be triaged into categories according to how
seriously ill they were and then receive rapid and appropriate resuscitation.

Intensive care medicine is being increasingly defined as a specialty of resusci-
tation and acute medicine as practised across the whole hospital. The barriers of
bed limitation within the ICU should not result in inadequate resuscitation and
management of the seriously ill, no matter where they are.

The problem of at-risk patients in acute hospitals is potentiated by the in-
creasing specialisation of medicine, resulting in single organ doctors (‘SODS’)
practising mainly ambulant medicine and not having the training, skills or ex-
perience in managing the acutely ill when organ dysfunction is rarely limited to
one or even two organs. Even if medical specialists were exposed to formal train-
ing in acute hospital medicine during their training, it is difficult for ‘SODS’ to
maintain their skills base and knowledge levels if they are mainly practising single
organ medicine. Thus the acute hospital system for dealing with the seriously ill
is often limited by hierarchies, ownership issues and inadequate expertise being
immediately available to at-risk and seriously ill patients.

High dependency units

The skills and infrastructure required to manage a seriously ill patient with severe
and established MOF are the same as those required to manage a patient at an
earlier stage, who has less severe organ dysfunction. The major difference is in
the number of nursing staff required for each patient. For example, a patient on
artificial ventilation, dialysis and multiple inotropes may require one or even two
full-time nurses at all times, whereas a monitored patient on a continuous positive
airway pressure (CPAP) mask with a thoracic epidural may be able to be managed
on a nurse: patient ratio of 1:2 or even 1 : 3. Thus, the concept of the HDU has
developed. The beds may be flexible within the same unit or separate units may
exist, sometimes sharing the same staff and equipment. Entirely separate units,
especially for specialty based care, also exist.

High dependency units allow a flexible approach to the management of the
seriously ill within a hospital. Patients too unstable to be managed in a general
ward, but not sick enough to require 1: 1 nursing care in an ICU, can be accom-
modated, perhaps preventing deterioration before admission to ICU. Similarly,
patients may not be quite unstable enough to justify continuing management in
an ICU but may be too unstable to be managed on a general ward. Management
in a HDU environment may improve patient outcome, decrease complications
and hospital length of stay as well as decrease the risk of readmission to the ICU
from a general ward.
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Table 1.1. MET criteria

Acute changes in physiology

Airway Threatened
Breathing All respiratory arrests
Respiratory rate < 5
Respiratory rate > 36
Circulation All cardiac arrests
Pulse rate < 40
Pulse rate > 140
Systolic blood pressure < 90
Neurology Sudden fall in level of consciousness
(fall in Glasgow coma scale (GCS) of > 2 points)
Repeated or prolonged seizures
Other Any patient who you are seriously worried about
that does not fit the above criteria

A hospital-wide approach to the seriously ill

Apart from ICUs we expect optimum care of patients, in terms of appropriate staff
and monitoring, in certain areas of the hospital. These include the ED, operating
rooms and coronary care units.

However, many patients are managed in undifferentiated general wards with
lower staff ratios and less monitoring. A hospital-wide system may be required
to detect at-risk patients early in these environments and to provide rapid resus-
citation where necessary.

Early recognition of seriously ill patients

Even moderate degrees of ischaemia and hypoxia can cause cellular damage.
More severe forms predispose to organ failure, long stays in intensive care and
potentially avoidable death. The earlier ischaemia and hypoxia are detected and
treated, the better the patient outcome. Such a system for early detection must
be effective at all times. It could be as simple as the bedside nurse or clinician
contacting someone with acute resuscitation skills as soon as they were concerned
about a patient. However, this would depend on the attending staff having a high
degree of awareness and knowledge about the early signs of a deteriorating patient
and having the confidence and system support to immediately summon help.

An alternative is to formalise criteria which are associated with an at-risk pa-
tient. Such a system is based on the medical emergency team (MET) criteria (Table
1.1). These are mainly based on vital signs which define someone at risk. Added
to the list is ‘worried’ so that staff are encouraged to seek assistance whenever
they suspect a patient is at risk of deteriorating. The MET has replaced the cardiac
arrest team in many hospitals.
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Table 1.2. Outcome indicators for acute hospital care

Deaths Minus all ‘not for resuscitation’ = Potentially unexpected
patients deaths
Cardiorespiratory ~ Minus all ‘not for resuscitation” = Potentially unexpected
arrests patients cardiorespiratory arrests
Intensive care Minus all elective or expected = Unanticipated admissions
admissions admissions from operating to ICU

rooms, recovery area,
emergency department.

All events preceded by MET criteria for up to 24 h and have not been acted on are

considered potentially preventable

Table 1.3. Distribution of outcome indicators for acute care hospitals

Individual patient details
Senior physician ultimately responsible for patient care
Junior medical staff caring for patients
Ward nursing staff caring for patients
Aggregated, de-identified data
Departmental audit activities
Hospital audit activities
Regional audit activities
Inter-hospital comparison audit
Possible involvement of health consumers

Rapid response to the seriously ill

Ischaemia and hypoxia are potentially dangerous for patients and once detected
should be rapidly reversed. The only systematic response to the seriously ill in
hospitalsis usually the cardiac arrest team, by which time damage may have already
occurred and the resulting outcome is often poor. The MET system involves early
intervention so that ischaemia and hypoxia are rapidly reversed. The MET must
have at least one person who is familiar with all aspects of advanced resuscitation
and can cope with all hospital emergencies in terms of knowledge and skills. A
MET system assists in changing the culture of a hospital to one of a high degree
of awareness of patients who may deteriorate and become seriously ill. The MET
system also emphasises the fact that care of the seriously ill is a specialised area
of medicine, requiring an immediate response with appropriately trained staff.

Outcome indicators for hospital-wide care of the seriously ill

We are becoming increasingly accountable in health and that requires measur-
ing outcomes. The performance of ICUs can be estimated using various sever-
ity of illness scoring systems. However, when assessing the care of the seriously
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ill across the whole hospital, different outcome indicators are required. Suggested
indicators include deaths, cardiorespiratory arrests and unanticipated admissions
to ICU (Table 1.2). Potential preventability can be arbitrarily defined as the pres-
ence of a MET criteria within 24 hours of one of these three adverse patient
outcomes.

These indicators and measures of preventability (Tables 1.2 and 1.3) associated
with them can be provided to relevant health care deliverers, providing a basis
for quality assurance and improved patient care delivery. Improved management
of patients before and after admission to the ICU is essential if we are to improve
overall patient outcome from hospitals and to prevent patients from requiring
ICU admission.
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Organisation of an intensive care unit

The specialty of intensive care medicine

Itis generally agreed that the specialty of intensive care medicine began in Copen-
hagen in the early 1950s. During the poliomyelitis epidemic at that time, patients
were treated by tracheostomy and prolonged manual ventilation. As a result
of those measures, the mortality rate was reduced from 87% to an impressive
40%.

Although there are now many types of intensive care units (ICUs), such as
medical, paediatric, respiratory, surgical, neurosurgical, cardiothoracic surgery
and trauma, they all perform the same basic function: caring for the seriously ill.
Caring for a group of these patients in a single space makes economic and medical
sense. Our expertise in intensive care has increased enormously since the early
1950s and there are now specialised medical and nursing staff devoted solely to
intensive care medicine.

Specialists working with the seriously ill may be familiar with complicated tech-
nology, physiologyand pharmacology, as well as conventional medicine. However,
it is even more important to become familiar with the unique requirements of
critically ill patients — to develop expertise in their individual patterns of illness.
These patients often do not conform to the conventional artificial divisions of
medicine: ‘surgical’ patients develop ‘medical’ diseases. ‘Medical’ patients may
develop ‘surgical’ diseases. The body may be looked at as a whole rather than
as a series of independent organs. This requires that we break away from the
tendency toward increasing medical specialisation based on individual organs.
Rather than a ‘superspecialty’, intensive care medicine is a very broad general spe-
cialty, based on the body as an integral system, rather than an organ-based super
specialty.

Advice from each of the single organ specialists must often be sought. The
intensive care specialist must balance all such expert opinions and fit them into
an overall strategy. What is good for one organ may be detrimental to others, as
well as to the patient’s overall condition. One cannot take a committee approach
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to the seriously ill. One doctor must take ultimate responsibility and make the
final decision, and that doctor must have appropriate training in intensive care
medicine and not be an absentee landlord. It matters little from what background
intensivists come — anaesthetics, medicine or surgery —as long as they have highly
developed clinical skills. Such skills can be gained only by spending time with
seriously ill patients. The problem of territorial control by the various specialties
(which specialty controls which patients) was an early feature of this specialty,
but that attitude is gradually being replaced by a practice based on what is best
for the patient.

Intensive care medicine arose from the need for physicians with skills in acute
medicine. It is too much to expect a nurse from a general ward or a doctor who
works only in another specialty to be able to cope with all of the problems unique
to the critically ill. Both doctors and nurses in ICUs require specialised training,
specialised books and journals for reference and specialised meetings to share their
knowledge and experience. Above all, they need to be working regularly with the
seriously ill. This does not mean that they should not seek advice from colleagues
in other specialties, when needed, just as is done in all branches of medicine.
However, a permanent clinical and administrative medical and nursing presence
is essential for the best clinical practice.

Intensive care personnel

The permanent senior medical and nursing staff must provide the continuity of
care and ensure that standards are maintained within an ICU. They are respon-
sible for the orientation, education and training of new staff. Junior medical staff
usually rotate through the ICU for varying periods and this can lead to inconsis-
tency in the care of patients unless standardisation is ensured through protocols,
supervision and educational programmes.

Maintaining a constant high standard of intensive care is the greatest chal-
lenge for an ICU. The nursing staff are the mainstay in achieving that goal. They
are responsible for most of the minute-to-minute monitoring and treatment. In
addition to conventional nursing responsibilities, much of the clinical decision
making can be decentralised to a skilled nursing staff. This requires investment
in teaching, inservice programmes and audits directed at the bedside nurse. Ex-
amples of the expanded nursing role include the following.

Weaning

The weaning process (e.g. adjusting ventilatory rates and pressures) can be carried
out by the nursing staff using laboratory data and bedside monitoring.
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Drugs

Inotropes, vasodilators, sedatives, analgesics, insulin and many other drugs can
be given by continuous intravenous (IV) infusion. Adjustments of infusion rates
can be decided by nursing staff, based on clinical and laboratory data.

Fluids

Transient oliguria and hypotension are common in intensive care patients. Most
patients will respond to a fluid challenge. This can be done by nursing staff, with
recourse to medical staff if the fluid challenge fails.

Other aspects of ward function

The nursing staff should be integrated into all aspects of administration of the
ICU, in addition to taking care of the patients and dealing with their friends and
relatives. Other members of the intensive care staff may include physiotherapists,
ward clerks, social workers and ward attendants. They are all essential for an
efficiently run team. Although it is difficult to measure the effect on patient
outcome of a well-organised team with high morale and sense of job satisfaction,
most experienced intensivists value this aspect of their unit highly and invest time
and energy in achieving it.

Ward rounds and continuity

There should be at least one comprehensive ward round each day. The half-life for
major decisions regarding seriously ill patients is approximately 24 hours, whereas
for patients in general wards it is approximately 3—4 days. The medical staff,
nursing staff and others involved in a patient’s management should formulate
a strategy for the next 24 hours. This is a framework around which fine-tuning
can occur, depending on changes in the patient’s condition and the findings on
laboratory tests. Like other strategies, it must be flexible enough to allow changes
according to the patient’s condition. Rather than using a system that features a
provisional diagnosis and final diagnosis, one must take a problem-orientated
approach to seriously ill patients.

Despite the drama involved in the ups and downs of the critically ill, there are
many predictable patterns. There is the initial resuscitation phase, usually begun
outside the ICU. This is followed by a phase, usually within the ICU, where re-
suscitation is continued and fine-tuned together with a more detailed diagnostic
work-up and history taking. There follows a maintenance phase where we deal
with not only the presenting problems of the patient but also complications of
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highly invasive management in the ICU such as nosocomial infection and intra-
venous line infections. If the patient survives there is a final gradual improvement
phase where the challenge is to dismantle the patient from as much support as
quickly as possible in order to facilitate discharge to a general ward. There are
blurred boundaries, of course, between each phase and patients can move be-
tween phases during their ICU stay. The ICU team must recognise the different
challenges associated with each phase and drive the patient’s progress as rapidly
as possible. Detailed handovers with a short- and long-term plan are essential for
continuity and optimal management of the patient, especially by senior medical
staff.

Apart from the on-site personnel, a senior member of the medical staff should
be on call or on duty 24 hours a day for clinical or administrative consultation.

Relatives and friends

The condition of a patient should be explained in an honest and forthright manner
to relatives and friends. There is no place for false hope and avoidance of difficult
explanations —even if it means admitting that many aspects of the patient’s disease
process are, as yet, unknown. Much of the practice of intensive care medicine
is titrational (e.g. trying an inotrope or antibiotic and looking for a response,
without necessarily understanding all aspects of the interactions involved), and
this should be explained honestly.

It helps to have a special information pamphlet for the patient’s friends and
relatives that will explain certain matters:

« Relevant aspects of the hospital’s function.

« Visiting policy for the ICU.

« The invasive lines and machines that may be encountered, with an explanation
of their function in lay terms. Labelled photographs of the various pieces of
equipment and lines, with a short description of each, can be displayed in the
waiting room.

An explanation of the possible time course of the patient’s illness must be given.
Many relatives wish to maintain an all-night vigil during the early part of a
critical illness, when the patient conceivably could remain stable for days or
weeks. It is important to inform relatives of such possibilities so that they can
arrange their schedules regarding sleep, work and other responsibilities. Relatives
and friends should be told to prepare themselves for a marathon, rather than a
100-metre dash. It is important to provide ongoing support and counselling for
relatives and friends, either by the medical and nursing staff or more specialised
personnel.
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Quality assurance

Quality assurance (QA), auditing and peer review are all concepts that generally
have to do with monitoring and attempting to improve current practice. The
idea behind most efforts in this area is that practitioners can demonstrate to
themselves and to others the quality and quantity of work they are doing.

The principles of QA and total quality management (TQM) readily lend them-
selves to managing an ICU. QA is not simply a matter of conducting an audit; it
encompasses the principles of how an organisation should run — in our case an
ICU. The Japanese have run their industries on a similar basis for decades. They
call the concept ‘Kaizen’ or ‘the continuous search for improvement’ in oneself
and in the system. In order to accomplish this effectively, we need to shed much
of our previous conditioning and training. Decision making and autonomy must
be decentralised to the bedside. The ability to make decisions comes through
education. Making changes is difficult, and many who have been trained in a
different way will feel uncomfortable. We need, ultimately, to reach the point at
which we begin to feel comfortable with many of the unpredictable aspects of
our practice, until eventually we can thrive on the non-routine. Managers must
learn to authorise others to solve their problems and managers themselves must
learn to find ways of saying yes, rather than finding fault and being obstruction-
ist. The staff need to be encouraged to be autonomous and to speak out when
the system is not working. We need to eliminate senseless rules and we need to
carefully examine everything we do and always ask why. Rules should be replaced
by guidelines and priorities. A collective rhythm must be created whereby quality
can be coaxed out of the available resources, which often are inadequate. The
key to an organisation’s success is to master the art of orchestrating collective
thinking. The common good should always be put above one’s own. This system
will not be the place for large egos that are easily bruised.

The principles of this new style of management include the following:

 The quality of patient care can be improved by removing the causes of problems
in the system.

« Problems can be solved only after they have been identified.

 The person who is doing the job, is probably the one most knowledgeable about
that job.

» People want to be involved in running the unit and doing their jobs well.

« People should be authorised and encouraged to bypass managers and solve
problems themselves.

o Fear and defensive attitudes are easily instilled; it is much more difficult to
get people to commit to an adventurous new vision. Supervisors and man-
agers must be specialists who will support their people when problems arise.
Authority must come from within.

1
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Figure 2.1. The quality assurance cycle.

« A structured problem-solving process, with all the relevant players being in-
volved, will produce better solutions than an unstructured process.

o There will be a lot of resistance to implementation of this new style, both
within the unit and, more importantly, outside the unit, during the period of
transition. This must be resolved along the way, and, if necessary, a little pocket
of excellence must be developed.

The philosophy of QA must be deployed to permeate all aspects of the running
of the ICU and must be extended to all areas with which the ICU interacts. For
example, the outcome for a patient who has suffered major trauma will depend
as much on the system in place for initial management as on the treatment given
in the ICU. All parts of the larger system must communicate in terms of QA if
treatment is to be improved (Figure 2.1).

Examples of QA programmes in intensive care are as follows:

» Mortality review (exclude if death is expected).

 Review of patients’ and relatives’ complaints.

« Review of readmission rate to the ICU.

 Review of prolonged length of stay (e.g. > 30 days).

« Review of fire and safety practices.

« Problem identification workshops using flow charts.

 Review of nursing practices in order to eliminate outmoded practices (e.g. the
way in which observations are recorded and action is taken).

« Publication of newsletters.

« Critical incident monitoring of unexpected events.
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TROUBLESHOOTING

Assessing a seriously ill patient over the telephone

The ICU often receives calls from other areas within the hospital or from other
hospitals seeking advice or requesting a transfer to the ICU. The following are some
guidelines on how to handle these requests:

always be helpful, and never patronising. The ICU and its staff have equipment, skills
and expertise that should be shared in a positive fashion.

Patient

Assess the severity of the problem.

Identify the major problem and take a quick history of the illness.
Determine the level of consciousness.

Determine the state of the airway (e.g. intubated or not).

Assess the breathing (e.g. respiratory rate, oxygenation).

Assess the circulation (e.g. blood pressure, heart rate and rhythm and urine
output).

Record the relevant past history.

Determine the current treatment and the lines and monitors being used.

Manpower and equipment

Your advice on treatment will depend on the seniority and experience of the person
to whom you are speaking. It is important not to assume that the conferring person
or institution will have skills the same as your own (e.g. for intubation, central line
insertion), nor should you overestimate the availability of equipment in the referring
hospital (e.g. sophisticated ventilators).

Support
The person whom you are advising usually will have less equipment and expertise
than are available in your ICU. Your advice should be aimed at stabilising the
patient in the simplest and most responsible fashion, followed by support for the
conferee’s decision either to continue the management or to transfer the patient to
ICU.

It is often helpful to monitor progress and provide encouragement by repeat
telephone calls.

If the patient is transferred to your ICU, it is important to provide feedback to the
referring institution regarding the patient’s progress.

Honest peer review of QA cannot be imposed. If the programme is to work
properly, it must have co-operation and commitment of all staff. This should
lead to a system in which power is shared to produce the outcomes agreed on,
rather than focusing only on the process.
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Routine care of the seriously ill

¢ The practice of good intensive care medicine is about the methodical appli-
cation of basic routines.

» ABC — Always maintain a good airway, ensure adequate oxygenation and
rapidly correct hypovolaemia.

* In a critically ill patient, one will miss more by not performing a thorough
clinical examination than by under monitoring and under investigating.

How to approach a patient in intensive care

When the specialty of intensive care was being defined, many of the problems
were new to us. As the problems had not been documented in conventional
textbooks, they had to be learnt at the bedside. Our specialty owes a lot to those
first generation intensivists. It was soon learnt that complex single and multiple
organ failure (MOF) often occurred in certain patterns. There are also certain
features that seriously ill patients have in common. These patterns have been
taken into account as part of routine care of the seriously ill patients, making the
more unpredictable aspects of complex illness easier to recognise and manage. It
is these common and routine aspects that are described in this chapter.
Seriously ill patients often present with complex sets of problems that make
a conventional approach difficult. For example, the conventional approach of
differential diagnosis, provisional diagnosis, investigations and final diagnosis is
often irrelevant in seriously ill patients with multiple problems. Moreover, this
approach inhibits the practice of good intensive care medicine. Not only is it rare
that there will be only a single diagnosis, but in attempting to make the patient fit
into our current bank of knowledge, there is the danger that the patient’s unique
problems will beignored. The patient’s problems are what the staff should address.
Nursing and medical staff work more closely together in intensive care than in
ordinary wards. As they both have to deal with the same problems, they should be
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documented together. For example, pressure areas and hypotension are common
problems, perhaps even related, and should not be considered as separate medical
and nursing problems — they are the patient’s problems.

The ward round

In order not to get lost in the morass of information available about each in-
dividual patient, there has to be some structure in your approach to them. The
following is one way of doing this. Team management is crucial in intensive care
and this problem-orientated approach ensures that all team members will focus
on a patient’s problems.

1 History: Critically ill patients are often treated before a definitive diagnosis is
made and a history taken. Ambulance officers, patient’s relatives and the local
doctor can all give valuable information after the patient has been stabilised.

2 Handover: The problems encountered by the previous shift will help to establish

a picture of the patient’s current status.

Physical examination: Physical examination is discussed later.

4 Review of investigations, monitoring and medications. Biochemistry, haema-
tology, arterial blood gases, monitoring, chest x-ray, CT scan, and so forth.

5 List of problems and strategy: Bring together all the information about his-
tory, examination and previous problems, and then list the current problems.
The problems may be related (e.g. hypotension, oliguria, fever) and have a
common cause (e.g. septicaemia). The problems need not be elaborated on,
and the plan, if obvious, need not be stated in all cases unless there is some
specific investigation or treatment (e.g. hypotension need not be followed in
the plan by ‘Find cause’ or ‘Correct’ if it is related to an obvious cause such as
septicaemia and is treated with a unit protocol). The problem sheet is meant
to focus the team’s thoughts on overall management strategy. It is more useful
than writing reams of continuation notes and could even replace them if filed
appropriately in the patient’s notes. Fine-tuning is needed within this overall
management plan and further problems may emerge before the next major
ward round. These will need to be addressed during the course of the day.
Table 3.1 outlines a quick way of reviewing patients.

6 Relatives and friends: Information given to relatives needs to be consistent. All
team members should agree on the ‘party line’.

w

Physical assessment

It is important to thoroughly examine a ‘stable’ critically ill patient at least once
a day. Conventional examination techniques may have to be modified as these
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Table 3.1. A mnemonic to assist in the tasks of junior medical staff

Airway

Breathing

Circulation

Disability — GCS and focal neurology

Electrolytes — results

Fluids — are they appropriate?

Gut — examine and nutritional assessment

Haematology — results

Infection — latest microbiology and white cell count

Lines — are the sites clean? How long have they been in?
. Medications — review and interactions

Relatives — what is the common message?

FEZECZOPEOO®

patients are often unconscious, usually with a plethora of monitoring equipment,
invasive lines and drains attached. A sound picture can be built up only after a
thorough examination of the patient, in combination with knowledge of the
patient’s history, monitoring trends and concurrent therapy. There is a definite
art to examining the seriously ill. As with all other forms of physical assessment
in medicine, a set routine guarantees that little is missed. Table 3.2 provides an
outline.

General

Address the patient by name, even if the patient is unconscious, and explain what
you are going to do.

Theinitial routine inspection includes rapid assessment of the airway, breathing
and circulation. Once you are happy that the patient is ABC stable you can proceed
to the more detailed physical examination. More is missed by not looking than
by not knowing and there is a lot to be seen in the seriously ill.

Stand at the end of the bed and look at the patient. Are they resting comfortably,
are they distressed? Take a look at the monitor, all the lines, infusions and support
equipment, e.g. dialysis and inotropes, as this will give you a good initial ‘picture’
of the patient. Often the diagnosis or main problem and complications can be
obvious from the end of the bed.

Lift the sheet off the patient and expose as much of the body as possible. Start
the general examination from the top and work down. Turn the patient into
the lateral position and inspect the back of the trunk and legs. Inspect the skin
for features such as jaundice, rashes and bruising. Observe early pressure areas,
especially around the heels, and feel for dependent oedema.

Inspect the eyes, looking carefully for corneal ulceration as a result of drying.
Inspect the mouth, nose and teeth. Inspect all invasive equipment sites such as
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Table 3.2. Daily routine examination of patients in intensive care

1 Address the patient by name and explain what you intend to do
2 Rapidly assess the airway, breathing and circulation. If the patient is stable proceed with the
formal examination
3 Expose the patient’s whole body, placing the patient supine if possible
4 Airway and head
Check natural airway, artificial airway (cuff, type of tube and securing method, cuff pressure,
diameter)
Inspect scalp, sinuses, mouth, ears, NG tube, cervical nodes, eyes (especially pupils and corneal
abrasions)
Check for neck stiffness
5 Neurological system
Check GCS trends and current level of consciousness and inquire of nursing staff about GCS
and limb movement
Assess sedation in the light of need, as well as liver and renal functions
Exclude seizures
If necessary, check brainstem reflexes
Obtain gross information using focal neurological signs and then, if necessary, make a more
detailed examination
6 Respiratory system
Inspect chest movement, respiratory rate and effort
Check interaction of patient with ventilator and observe FiO,, PIP, PEEP levels, ventilator
mode, tidal and minute volumes and respiratory swings with spontaneous respiration
Assess gas exchange (colour, oximetry, arterial blood gases)
Auscultate the chest, especially posterior and lateral bases
Check ICC for bubbling and fluid
Correlate findings with chest x-ray
Ask nursing staff about the patient’s ability to cough and the type of secretions
7 Circulatory system
Inspect precordium
Observe neck veins
Assess peripheral pulses and rhythm
Exclude peripheral oedema
Assess peripheral perfusion
Auscultate the precordium
Check the trends in BP, pulse rate, urine output and other more complex measurements, such
as cardiac output, VO,, and DO,
8 Gastrointestinal tract
Observe the abdomen for distension, wounds and drains
Study the underlying surgery and recent imaging (e.g. CT scan or ultrasound)
Palpate for tenderness, tenseness and masses
Listen for bowel sounds
Inquire about NG aspirate, efficacy of enteral feeding and bowel actions
9 Limbs
Inspect for rashes, oedema and wounds
Remove dressings, where possible and inspect wounds
Study the underlying fractures, traction, surgery and relevant radiological appearances




Physical assessment

Table 3.3. Signs peculiar to the critically ill

Bounding in the neck and precordium often indicates sepsis

An indentation ring in the skin, left after listening for bowel sounds with a stethoscope,
indicates extensive peripheral oedema

Blue knees (i.e. peripheral cyanosis) is a sign of a severely compromised circulation

The silhouette of the head seen over the mediastinum on an upright chest x-ray is a poor
prognostic sign and is usually followed by intubation within the next 24 hours

Attempts to breathe against the ventilator, despite what appears to be an adequate
minute volume, is often due to severe metabolic acidosis

Rapid deterioration in cardiorespiratory signs can indicate a pneumothorax

surgical drains, intercostal catheters (ICCs), intravenous (IV) and intra-arterial
lines and endotracheal tubes (ETTs). Remove all dressings and inspect wounds.
Look for abnormal bleeding into wounds or bleeding from puncture sites. It is
important to know exactly where surgical drains have been placed and for what
purpose and to inspect the drainage fluid for amount and appearance. Ensure
that the lines and drains are secure and working efficiently. Ask yourself if they are
really needed and consider removal if there is any doubt. During the examination,
ensure that the patient is not lying on equipment such as IV lines and catheters
as they can cause pressure areas.
Some signs peculiar to the critically ill are listed in Table 3.3.

Neurological assessment

The most important features of a neurological examination in the ICU are the
level of consciousness, brainstem function and lateralising signs in the limbs.
The patient’s level of consciousness is usually monitored by the Glasgow Coma
Scale (GCS). Look at the GCS trends. Further information can be gained from
the nursing staff. Assess the level of consciousness in light of the amount of
sedation. Sedation may take days to wear off, especially in the presence of hepatic
and renal insufficiency. A consistent painful stimulus is recommended to test the
level of response. Vigorous stimulation of the outer aspects of the eyebrow can
cause nerve palsies and rubbing of the sternum with one’s knuckles can cause
unsightly bruising. The nail bed is a more suitable area to elicit a reaction to a
painful stimulus. The presence of seizures should be noted. Neck stiffness, fever
and photophobia suggest meningeal irritation due to the presence of blood or
infection.

Reflexes, such as pupil size and reaction to light, corneal reflex, gag reflex and
respiration pattern, will give an indication of brainstem function.

Information on focal neurological deficits can be grossly elicited by inquiring
about movement of the limbs from the nursing staff, spontaneously and in re-
sponse to pain. Limb reflexes and tone can also be elicited. A nerve stimulator
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may be useful in determining residual paralysis, especially after prolonged use of
muscle relaxants.

Respiratory system

Always assess the adequacy of the airway, even if the patient has an ETT or tra-
cheostomy in place. It may be kinked or blocked. Note the diameter of the ETT,
as narrow tubes can be the greatest contributors to the work of breathing. Ask the
nursing staff about the nature and amount of tracheal secretions. Check the way
the airway has been secured, check cuff pressures and inquire about the appro-
priateness of the cuff for long-term use. Monitoring of ventilator variables and
gas exchange will also provide valuable information about respiratory function
(see Chapter 19). Assess oxygenation, in terms of pulse oximetry and fraction of
inspired oxygen (FiO,). Note the breathing rate, the tidal volume, the respiratory
effort and, if ventilated, the positive end-expiratory pressure (PEEP), the peak
inspiratory pressure (PIP) and the breathing mode. Look for asymmetry of chest
movement and position of the mediastinum, as judged by the trachea and apex
beat. Observe how the patient is interacting with the ventilator.

Auscultation remains important in the ICU. The lung bases posteriorly repre-
sent areas often blind to the chest X-ray. It is essential to take trouble to auscultate
these areas, especially for decreased air entry and bronchial breathing. Intrapul-
monary shadows on a chest x-ray can be difficult to interpret, but bronchial breath
sounds will indicate that pneumonia is more likely than acute lung injury (ALI)
or pulmonary oedema. Decreased air entry, indicating collapse and rhonchi, in-
dicating the degree of bronchospasm, are important aspects in examining the
respiratory system in the critically ill. Check for chest drains and flail segments.
Look for bubbling from the ICC, as well as the amount and type of drainage. The
best single means of assessing respiratory status is an upright chest x-ray. Other
considerations in interpreting chest x-rays in the seriously ill are discussed later
(see Chapter 17). Examine the trend of arterial blood gases. Interpret the sputum
microbiology.

Cardiovascular system

There is often ‘information overload” concerning cardiorespiratory variables in
the ICU. Amongst all this hard data, it is important not to overlook simple vital
signs such as arterial blood pressure (BP), pulse rate and rhythm, urine outputand
peripheral perfusion. Current values should be seen in light of previous trends. In-
formation may also be available for cardiac output, peripheral resistance, oxygen
delivery (DO, ) and consumption (VO,) and other estimates of cardiac function
derived from echocardiography. Despite the cardiovascular measurements avail-
able, careful physical examination of the patient is important. Assess peripheral
pulses and auscultate the precordium for added sounds, murmurs and bruits.
Examine the patient for peripheral oedema.
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There are signs peculiar to the seriously ill. For example, a bounding pre-
cordium in the neck is usually seen with systemic sepsis and is due to the hyper-
dynamic cardiovascular status accompanying that state. This is obvious from the
end of the bed. Patients with sepsis will often have tachycardia and low BP, even
with normal filling pressures. Peripheral temperature is a good empirical guide
to adequate circulating volume, but it is difficult to interpret in the presence of
sepsis and a fever.

Gastrointestinal tract

It is important to carefully examine the gastrointestinal tract (GIT) at least once
each day. Carefully inspect the face for signs of sinusitis and the nose and mouth,
especially in the presence of artificial airways and tubes, as they can make thorough
inspection difficult.

The abdomen should be observed for distension, wounds and drains. Palpate
for tenderness, tenseness and abnormal masses. Listen for bowel sounds and
inquire about bowel actions and absorption of oral feeds. The presence of bowel
sounds means that air and fluid are present, but their absence does not mean a
non-functioning GIT. It is important to be familiar with all abdominal drains —
where they originate and what theyare draining. A clear diagram of any abdominal
surgery displayed in the notes at the patient’s bedside can clarify the complexities
of the abdominal surgery. Carefully observe the perineum for signs of swelling,
inflammation and discharge. Do not neglect to do a rectal examination if required,
e.g. for a patient with diarrhoea.

Renal and fluids

Note the adequacy of the intravascular volume as reflected by pulse rate, BP,
peripheral perfusion, urine output, pulmonary artery wedge pressure (PAWP),
central venous pressure (CVP) and so forth. Note the state of hydration (e.g. skin
turgor, dry tongue).

Assess the fluid balance chart, noting any major losses and the sources of those
losses (e.g. nasogastric [NG] losses, drains). Review the urinalysis.

Check electrolytes (sodium, potassium, calcium, phosphate and magnesium)
at least once each day.

Check urea, creatinine and urine output as markers of renal function. A 4-hour
creatinine clearance may be useful, especially if compared with a previous one.

The urinary catheter must be inserted using strictly aseptic technique, with
urine drainage collected in a closed sterile system. There is a good argument for
using Silastic catheters in seriously ill patients, as they are associated with fewer
long-term complications. It is also advisable in long-term male patients to pull the
penis up and tape the catheter onto the lower part of the abdomen to optimise
the angle that the catheter makes in its course, thus reducing pressure around
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the prostate gland. The catheter should be taped to the patient’s skin to prevent
trauma caused by traction.

Limbs

Attention to a patient’s limbs is sometimes overlooked in the ICU. They should
be carefully inspected for rashes, oedema and adequacy of perfusion. Hands,
feet and nails should also be inspected. Dressings should be taken down and
inspected where applicable. The details of underlying fractures should be known
and close communication with orthopaedic surgeons is essential. Fractures are
often associated with wounds. It is important that plaster be regularly removed
or have windows cut so that the wounds can be inspected. Orthopaedic surgeons
should be encouraged to pin or plate fractures, as traction makes nursing and
patient care very difficult.

Blood glucose

There is evidence that tight control of blood glucose to within normal levels
improves mortality in the ICU.

Haematology

Check for obvious oozing or bleeding. Note the results of coagulation tests and
platelet counts. Check the haemoglobin and white blood cell count. Assess anti-
coagulation therapy, if appropriate.

Thromboembolism

There are many risk factors associated with the formation of venous throm-
boemboli in the critically ill — immobility, decreased blood flow secondary to
positive-pressure ventilation (PPV), surgery or trauma and low flow states. Clin-
ical manifestations of pulmonary emboli may not be obvious in the critically ill
so a high index of suspicion should be maintained.

Prophylaxis

« frequent turning

» mobilisation

« graded compression stockings

« subcutaneous heparin, unfractionated or low molecular weight heparin
« pneumatic full length leg compression.

Patient positioning

Unless sitting up is contraindicated, patients in intensive care should always be sat
up to an angle of at least 30°. Pressure measurements can be taken in this position
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Table 3.4. Demonstrated to be potentially successful interventions aimed at restoring or
maintaining a ‘normal’ state

* Rapidly restoring the airway, breathing and circulation

* Manage patient in an upright position (> 30°) whenever possible.

* Maintaining a normal blood sugar

* Encouraging spontaneous respiration

* The establishment of early enteral feeding

* Use stress ulcer prophylaxis (H, receptor blocker) only in at-risk patients (e.g. those
with a history of upper GIT bleeding, long-term ventilation, coagulopathy)

* Maintaining normal airway humidification

* Maintaining normal sleep patterns for patients

* Physiotherapy and nursing interventions

* Encouraging a ‘human’ orientated ICU environment, e.g. flexible visiting policies,
communication with patients

* Maintaining a normal temperature in intracerebral crises

e Surgery, e.g.
— Reducing pressure in compartment syndromes — craniectomy, fasciotomy, ‘open’

abdomen, pleural and pericardial space drainage

— Aggressively removing infected and necrotic tissue
— Orthopaedic and plastic surgery
— Restoring blood flow in vessels

aslongas the transducers are correctly placed. Upright patients usually have better
oxygenation, decreased work of breathing and less chance of aspirating. There
is a lower incidence of nosocomial pneumonia and lower intracranial pressure
(ICP) usually can be achieved in patients who are sitting upright.

As for the head down position, apart from specific purposes such as the inser-
tion of central venous lines, a patient should not be placed with the head down,
not even as a temporary measure for hypotension. Posture-related hypotension
should be corrected by intravascular fluids.

In a patient with lung pathology, hypoxia can be exacerbated when the patient’s
position is changed. For the same reason, when assessing serial blood gases and
pulse oximetry, the position of the patient at the time should be noted.

Stable, critically ill patients should be turned from side to side regularly, usually
every 2 hours, always maintaining them in the upright position where possible.
This helps with oxygenation and may prevent pressure sores.

Interventions

There have been many interventions and manipulations of normal physiology
used over the yearsin the treatment of the seriously ill, primarily aimed at restoring
normality. Table 3.4 lists the interventions that have stood the test of time or have
been demonstrated to be effective. There are also conditions where interventions
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Table 3.5. Examples of interventions shown to be potentially beneficial but with
possible complications

* Low tidal volumes; high FiO, and high PaCO, during artificial ventilation

e Supporting inspiration with pressure and maintaining alveolar opening with PEEP
* Monitoring — especially invasive

* Drugs, e.g. inotropes, antibiotics, bronchodilators

* Lower than normal haemoglobin

Table 3.6. Non-‘normal’ interventions/states which have doubtful beneficial effects

e Supranormal DO,
* Hyperbaric oxygenation
* High serum osmolality
e Intravenous nutrition
* Hypervolaemia
* ‘Magic bullets’ e.g.
— anticytokines
— anti-inflammatories
— immunoglobulins
— antioxidants
— nitric oxide
— high-dose steroids
* High-flow continuous veno-venous haemofiltration
¢ Deliberate coma in intracerebral pathology

and variations on normal physiology (e.g. low tidal volumes in ALI) may help
to maintain life while the disease process comes under control (Table 3.5). There
are other interventions that are more doubtful or, as yet, not widely accepted as
a result of insufficient evidence (Table 3.6). These lists will, of course, change
over time and various interventions may move between the lists as more evidence
becomes available.

Routine monitoring, observations and investigations

Patients should have their vital signs, such as pulse rate, arterial BP, respiratory rate
and urine output, measured regularly. Continuous ECG monitoring and pulse
oximetry are usually necessary in all seriously ill patients. Other measurements,
such as CVP, PAWP and cardiac output, may also be sometimes employed. Oxy-
genation and ventilation should be monitored by regularly measuring the FiO,,
respiratory rate and blood gases. If a patient is artificially ventilated, tidal volumes,
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inspiratory pressures and respiratory frequency may also require monitoring. For
more details on cardiorespiratory monitoring, see Chapter 20.

The patient’s level of consciousness should be charted according to a consistent
scale, such as the GCS.

Central temperature, rather than oral or skin temperature, should be measured
either rectally or by probe in the oesophagus or bladder.

As part of quality assurance, the staff in the ICU should continuously be asking
questions: Why is this parameter being measured? does it need recording? It
may be more productive to invest time and resources in educating the primary
health giver (i.e. the nurse at the bedside) to act on information, rather than
simply recording it. A beautiful chart, with every possible variable meticulously
recorded, may not necessarily reflect a high standard of patient care. Early action,
rather than simply recording abnormal observations, is preferable.

Theoretically, computers should offer more sophisticated documentation and
information on trends for all intensive care measurements; charts may not be
necessary in the future. However, the clinical information systems that are cur-
rently available are expensive, often duplicate what is recorded in charts and are
not yet as flexible as is required.

Routine investigations

There are certain routine tests that should be performed in all seriously ill patients.
Many hospitals now have auto-analysers, which makes selective tests impractical.
The following are guidelines to the minimum routine tests for the seriously ill:

Four-hourly determinations
Blood sugar levels should be measured in all seriously ill and unconscious patients
at least 4-hourly and sometimes hourly.

Twice-daily determinations
o Arterial blood gases.
» Potassium.

Daily determinations

« Urea and creatinine.

e Sodium and chloride.

» Haemoglobin.

e White cell count.

« Platelets.

e Magnesium.

 Calcium and phosphate.
e Chest x-ray.

e 12-lead ECG.
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Twice-weekly determinations

e So-called liver function tests (i.e. serum bilirubin, alkaline phosphatase and
aminotransferase activities and serum albumin).

e Prothrombin time (PT).

« Partial thromboplastin (PTTK).

Radiology

The stethoscope is useful for detecting chest abnormalities, but daily chest x-rays
are essential. Patients should always have upright chest x-rays with every attempt
made to standardise exposures, making comparisons easier. Large viewing boxes
with room for representative and consecutive films should be available. Ideally, a
radiologist with experience in interpreting these films, together with the intensive
care team, should look at all the day’s films. The interpretation of chest x-rays is
discussed in more detail later (see Chapter 17).

Microbiology

Microbiology is an important area for investigation in the seriously ill. Unlike
the situation in biochemistry, the findings are never clear cut; they must be
interpreted and daily consultation with a microbiologist with clinical experience
is an advantage. Specific tests and routine surveillance must be carefully tracked.
Antibiotic treatment should be reviewed daily and not continued nor commenced
unnecessarily. Antibiotic blood levels should be monitored closely as the patient’s
condition changes.

Intravascular lines

This book does not cover the anatomic and procedural aspects of cannulation.
There are, however, several important points relating to intravascular lines.

Peripheral lines

o Use large bore (>18 gauge) in ICU patients.

» Remove all resuscitation lines (e.g. those inserted in the emergency department
within the first 24 hours), as they may have been placed in less than strictly
aseptic conditions.

Peripheral lines should all be changed after 48 hours, as the infection rate
increases exponentially.

Drugs with powerful a-agonist action should not be transfused through pe-
ripheral lines except in an emergency.

Central lines

o Beware of covered patients during central line insertion — the head down
position is dangerous in the seriously ill. Staff can focus their attention on
pressure waveforms and technical difficulties during intravascular cannulation,
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rather than the condition of the patient. Someone must be assigned to watch
and monitor the patient. Pulse oximetry, continuous ECG and BP measure-
ments should be made because of the potential for hypoxia and hypotension
in the head down position. The wire used in a Seldinger technique may cause
arrhythmias.
o Pulmonary artery cathetersideally should be removed between 48 and 72 hours.
Multilumen central venous lines should be placed early if the patient has MOF,
requiring multidrug support. They allow CVP measurements to be performed
without interruption of essential drugs.

inflammation. There is no evidence to suggest that routine changing of central
venous catheters reduces the incidence of infection. Antibiotic impregnated

lines decrease the incidence of catheter-related sepsis but are expensive. They

should probably be used in patients at risk of catheter-related sepsis, e.g. the
immunosupressed patient.

Femoral lines have not been demonstrated to have a higher infection rate than
lines inserted in the neck and are technically easier to insert.

Arterial lines
Keep the arterial line site in view at all times. Disconnection can lead to catas-
trophic haemorrhage.

« Arterial lines have a low incidence of complications and their insertion can be
justified for multiple sampling of blood gases alone.

» Beware of retrogradely flushing air into the radial artery line as it can cause
cerebral air embolism.

General points
1 Some points to remember when dressing intravascular lines:
o strict aseptic technique
« no topical antibiotics
« secure with a suture.
2 Beware of taking blood cultures from existing lines. The connections soon
become colonised and may give misleading results.

Intubation and tracheal care

Intubation is necessary in many seriously ill patients to:

« secure an adequate airway
« facilitate removal of secretions
« facilitate ventilation and oxygenation.

Catheters should be inspected at least daily and removed if there are any signs of
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General complications of ETT and tracheostomies include:

« malposition

o dislodgement

o disconnection

« obstruction

« infection

e local trauma to larynx and trachea that can result in long-term damage
« interference with normal humidification and warming of inspired gases.

Intubation

Be properly prepared with the necessary equipment.
Pre-oxygenate for 5 minutes with 100% oxygen.

Seriously ill patients need someone who can intubate expertly and rapidly. It
is not the time for teaching. In fact, it is preferable to have a second experienced
doctor on hand at the time of intubation to monitor and, if necessary, to help
resuscitate the patient.

There is often a dilemma concerning which artificial airway should be used —
nasotracheal tube (NTT), orotracheal tube (OTT) or tracheostomy. Each ICU
will develop its own policy based on some of the following considerations.

Orotracheal tubes
Advantages compared with NTT.

« A larger lumen tube can be passed through the mouth than through the nose,
facilitating spontaneous breathing by decreasing the work of breathing.

« Insertion of an OTT is a quicker and easier technical procedure than inserting
aNTT. This may be particularly important when rapid intubation is necessary.

o An OTT makes it easier to pass a suction catheter.

e An OTT does not cause local trauma and predispose to sinusitis

Disadvantages.

o An OTT is more difficult to secure than an NTT.

 The bandage around the neck can impede venous drainage (important if there
is an elevated ICP) and cut into the corners of the mouth.

« Because of difficulty in securing it, there is more movement of the OTT within
the trachea.

o It is difficult to conduct mouth care in the presence of an OTT.

o There can be chronic laryngeal dysfunction and tracheal stenosis at the cuff
site.

« Patients can cause occlusion by biting on the tube.



Intubation and tracheal care

29

Tracheostomy

An OTT can be left in place for 7-21 days before tracheostomy is considered. Even
then, some units delay tracheostomy. A tracheostomy tube simply bypasses a part
of the OTT or NTT. The tracheal tube and cuff remain in the trachea and that
is the source of most morbidity and mortality. However, laryngeal dysfunction
and even vocal cord paralysis can occur with an OTT. The decision to perform
a tracheostomy after 7-10 days is largely dictated by unit policy and whether or
not prolonged airway access will be required. If a prolonged period of intuba-
tion is anticipated, some units now perform tracheostomy within the first few
days.

Tracheostomy should be performed by an experienced surgeon or intensivist
when the patient is stable. The best procedure is to use the smallest incision,
with the greatest preservation of cartilage, between the first and second tracheal
rings. Percutaneous tracheostomy is a simple procedure that can be performed
in the ICU by members of the intensive care staff. Percutaneous tracheostomies
have shown, in comparative trials, to have less complications then conventional
surgical tracheostomies.

Advantages

« There is better patient tolerance than for an OTT or NTT.

o The tube is easier to secure and enhances patient mobility.

o There is no trauma to mouth, nose or larynx. Oral toilet is easier. Some patients
can eat with a tracheostomy tube in place.

« Itis easier to introduce suction catheters.

e A larger diameter tube is possible, decreasing dead space, resistance and the
work of breathing during spontaneous breathing.

Disadvantages

» An operation is involved, with small, but documented, rates of mortality and
morbidity.

o The wound almost always becomes superficially infected.

 There can be difficulty in reinserting the tracheostomy tube if it becomes dis-
lodged, especially in the first few days after insertion.

o There can be tracheal stenosis at the cuff site and erosion into adjacent
structures.

Nasotracheal tube

Nasotracheal tubes are used less frequently than OTT or tracheostomy. They
predispose to local trauma and sinusitis and probably should be confined for use
only for specific and temporary indicators.
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Minitracheostomy

Minitracheostomy tubes are available in pre-packaged kit form. They can be
inserted using local anaesthetic through the cricothyroid membrane in the ICU.
Minitracheostomy tubes can also be inserted through a tracheostomy stoma after
the tracheostomy tube has been removed, in order to facilitate suction.

Indications
The main indication is to facilitate suction of secretions, typically in patients with
chronic lung disease and patients with copious secretions who cannot, or will
not, cough.

Care of tubes

Cut the tube off flush with the mouth or nose once the position is checked on a
chest x-ray. This helps to prevent kinking, to decrease resistance and to prevent
excessive movement within the trachea.

Take a chest x-ray after insertion and at least daily to verify position (see
Chapter 17). When not visualised radiographically, the carina can be expected to
lie on a line corresponding to approximately halfway down the aortic knob. Neck
flexion and extension can cause the tip of the ET'T to move up to 2 cm.

Change a tube immediately if obstruction is suspected and cannot be excluded
(e.g. increased ventilatory pressures or difficulty in breathing). Simply passing a
suction catheter successfully through the lumen of a tube does not guarantee that
itis not obstructed. Viscous secretions can cause a ball-valve effect as the catheter
passes through it. Patients with haemoptysis are particularly prone to blocking
their ETT.

Tracheal suction

 Regular suctioning of any tube is necessary, but unfortunately the procedure is
always accompanied by hypoxia.
1 Pre-oxygenate with 100% oxygen before suction.
2 UseanETT connector through which a suction catheter can be passed without
having to disconnect the patient.
3 Suction rapidly — do not leave the catheter down for more than 5 seconds at
any one time.
4 Avoid mechanical damage — be gentle and use soft tips with lateral holes.
» Never suction active pulmonary oedema and reduce suctioning of hypoxic
patients otherwise.
 Never actively suction the trachea while the patient is being extubated — that
would cause hypoxia at a critical time. Suction around the pharynx and extubate
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at the height of inspiration so that the patient can clear secretions by exhaling
or coughing.

Routine care of ventilated patients

Take at least hourly measurements of tidal volume, respiratory rate and peak
airway pressure. Ventilator alarms usually provide continuous monitoring of
excessive pressure and notice of disconnection.

Assess lung abnormalities at least once daily with an upright chest x-ray (see
Chapter 17).

The aim of ventilation is to maintain adequate gas exchange. Regular determi-
nations of arterial blood gases, continuous pulse oximetry and clinical assessment
are essential.

Fluids

Fluid treatment can be perplexing in seriously ill patients. This topic is discussed
in some detail later (see Chapter 4). Briefly, some of the difficulties faced are as
follows.

» Conventional guides to fluid treatment (fluid balance chart, CVP, urine output,
arterial BP, PAWP, pulse rate) are often misleading in a seriously ill patient.

« In patients who are not seriously ill, the normal compensation mechanisms,
such as thirst and renal function, allow more room for error in fluid treatment.
However, these mechanisms are often compromised in the critically ill. Such a
patient cannot, therefore, compensate for poor fluid treatment.

The sequelae of poor fluid treatment, such as pulmonary oedema, hypotension
and renal failure, will compound the existing MOF.
The followingare guidelines for routine fluid treatment for seriously ill patients.

Colloid and blood products

Colloid and blood products are confined mainly to the intravascular space. Mea-
surements in this space (e.g. BP, pulse rate, urine output, CVP, PAWP) are much
more easily accomplished than are measurements in the interstitial and intracel-
lular spaces (e.g. tissue turgor, dry mucosa). The best method of assessing the
intravascular volume is with a fluid challenge: measure intravascular parame-
ters before and after a challenge of 200-500 ml of colloid, as a guide to fluid
requirement.

It is vital to maintain intravascular volume in seriously ill patients at all times
and it is essential to avoid overexpansion of the interstitial space.
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Crystalloid solutions

Crystalloid solutions will rehydrate the intravascular space temporarily. The ma-
jority of the infused fluid enters the intracellular and interstitial spaces. Clinical
assessment of these spaces is notoriously inaccurate and the ‘stress response’ in
the critically ill encourages salt and water retention, thus promoting peripheral
and pulmonary oedema. Excessive administration of crystalloid solutions should
therefore be avoided.

Clinical guidelines
Intravenous fluids fall into three categories: fluid to resuscitate and maintain the
intravascular volume, maintenance fluids and fluids to replace abnormal losses.

« Give packed cells or whole blood to keep haemoglobin above 8 g/dl. Higher
values may be needed in some patients.

« Titrate the colloid solution against intravascular measurements (e.g. CVP, BP,
pulse rate, urine output).

« Give 500-2500 ml of appropriate maintenance fluid over 24 hours for a normal
sized adult, titrated empirically against the daily serum sodium concentration.

« If patient is normovolaemic and has a stable cardiovascular system, only main-
tenance fluids are necessary (e.g. 4% dextrose and 0.2-N saline at 1000—-3000
ml over 24 hours).

» Abnormallosses should be replaced with a separate solution to the maintenance
fluid, e.g. large NG losses should be replaced with 0.9% sodium chloride.

Gastrointestinal tract haemorrhage

Stress ulceration is related primarily to ischaemia and can be a complication of
acute illness. A low gastric pH in seriously ill patients is associated with a higher
incidence of gastric bleeding than is a gastric pH of 4 or more. That has, in the
past, prompted many ICUs to institute prophylactic measures to prevent stress
ulceration. However, the successful institution of enteral nutrition and adequate
splanchnic perfusion usually means other prophylactic measures to prevent stress
ulceration are not necessary. Stress ulcer prophylaxis probably should only be
considered in those critically ill patients who are at high risk such as those with a
history of upper GIT bleeding or those who are ventilated for more than 48 hours
or who have a coagulopathy.

Drugs
Meta-analysis has demonstrated that H,-receptor antagonists are probably supe-
rior to other drugs such as sucralfate or antacids. The incidence of nosocomial
pneumonia is also less for H, antagonists.

The role of proton pump inhibitors, e.g. omeprazole is not clear.
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Nutrition

Many aspects of feeding critically ill patients remain unclear, even after more than
two decades of research. These issues are discussed in more detail in Chapter 5.
Some of the bottom line messages are included here.

« Enteral feeding is preferable to intravenous nutrition (IVN) and should be used
whenever possible. Enteral feeding is cheaper and more efficient, encourages
GIT mucosal growth and involves fewer complications.

» Many of the contraindications to enteral feeding, such as abdominal distension,
high gastric aspirates and recent surgery, are only relative. Increasingly, feeding
tubes are bypassing the stomach in order to facilitate feeding.

« Obligatory catabolism often occurs in the seriously ill, especially during the
early, unstable period. Nutrition is therefore of doubtful benefit while a patient is
being resuscitated. Moreover, IVN probablyis not necessary until approximately
7-10 days after initial resuscitation.

Daily nutrition

1. Use enteral nutrition if the gut is working.

2. Use parenteral nutrition only after demonstrated failure of enteral feeding. Do
not try to achieve perfect nitrogen balance. Aggressive feeding of calories is
also not necessary. Approximately 2000 kcal/day is a realistic level for adults.
Other components also need to be considered:

« Trace elements, especially zinc, should be given empirically.

o Multivitamin preparations.

« Folic acid.

e Vitamin K.

« Potassium, phosphate, magnesium and calcium must be measured fre-
quently (at least once each day) and supplemented if necessary.

Obesity in intensive care

Obesity is an increasing problem in the developed world. A simple definition of
obesity is that the amount of fat tissue has increased to such an extent that mental
and physical health are affected and life expectancy is decreased. Obesity poses
the following problems in intensive care:

* 5% have obstructive sleep apnoea.

e Increased VO, and carbon dioxide production.

« Closing volume may be reached in normal tidal breathing leading to hypoxia.
High incidence of basal lung collapse and pneumonia.

e Left ventricular hypertrophy and impaired systolic function.

o Increased risk of deep vein thrombosis.
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o Altered drug handling.
« Direct arterial BP monitoring is necessary as BP cuffs are too inaccurate.

Age and the seriously ill

Elderly patients are becoming increasingly common in most ICUs. Age alone
should not preclude admission to intensive care. A patient’s level of functioning
before hospitalisation and the number of co-morbidities probably are better pre-
dictors of outcome than is age. The term ‘frailty’ attempts to define this lack of
reserve and probably describes the final stages of ageing marked by a significant
decrease in reserve. This is important in ICU because these patients require only
a small acute insult to expose their lack of reserve and inability to recover. As yet,
‘frailty’ can only be described in general terms as weight loss, loss of strength,
increased falls and inability to perform their usual tasks.

« In general, the elderly have limited physiological reserves.
« There are increasing incidences of co-existing illnesses, such as diabetes, carci-
noma, heart failure and ischaemic heart disease.
o There tend to be increasing effects from tobacco and alcohol-related diseases.
« There tends to be increased use of medications that can interact with the acute
illness or with the medications used to treat the acute illness or impair the ability
of the body to metabolise drugs.
o Central nervous system:
Ppredisposition to confusional states
impaired thermoregulation
tcerebral atrophy.
 Respiratory system:
Jfunctional residual capacity
tclosing volume
tairway closure
lalveoli and lung mass from age 16 years
temphysematous changes
Jlung compliance
talveolar-arterial gradient: PaO, = 105 — 0.3 (age in years) (mmHg)
Jvital capacity
Jinspiratory reserve
Jventilatory drive to hypoxia and hypercarbia
Jrespiratory reflexes.
« Cardiovascular system:
Jability to increase heart rate
IBP (systolic pressure is approximately age + 100 mmHg), less compliant
ventricles, and decreased ejection fraction and cardiac index
tincidence of valvular dysfunction
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4incidence of arrhythmias
tatheroma
4blunting of sympathetic response.

o Musculoskeletal system and skin
Jmuscle mass
Jmobility
Jelasticity of skin, and more prone to pressure necrosis
1 osteoporosis.

 Renal system

Jtotal body water

Jglomerular filtration rate (approximately half that of a 30-year-old by age 60
years)

4benign prostatic enlargement

Jnumber of nephrons.

Gastrointestinal tract and nutrition

Jmotility

fat stores

I basal metabolic rate

Jhepatocyte numbers

tglucose intolerance.

Social and ethical considerations

Involve friends and family in decisions and discussion of the prognosis. Elderly
patients have often discussed what they would like to happen in the event of
a life-threatening illness.

Evaluate the patient’s circumstances of living and support and the degree of
independence before illness.

Patient reaction to intensive care

Patient

The reactions of patients in intensive care often involve anxiety, exhaustion, dis-
orientation and lack of communication. They are to be expected and are quite
normal. Reassure the patient that these reactions are expected, always acknowl-
edge anxiety and fear and attempt to have him/her externalise their fears.

« Explanation: Medical and nursing staff should try to explain each procedure
and why it is being done, in addition to orientating the patient in time and
place.

o Measures for sedation and pain relief should be taken only if necessary.

« Relatives and friends should be allowed unrestricted access, in limited numbers,
to the patient. They should be encouraged to touch and talk to the patient.

o Speech aids and writing devices should be fully utilised if the patient is awake
and unable to speak.
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TROUBLESHOOTING

Routine assessment of the seriously ill in the ICU

Inquire about the patient’s condition from the nursing staff. Obtain a general impression of the patient’s
condition, level of support and monitoring from the end of the bed. The following is a checklist of some
major points to be considered during routine assessment of the seriously ill in the ICU. Further details are
available elsewhere.

Central nervous system
Assess the patient’s level of consciousness in the light of

* intracranial abnormalities
* sedatives and other drugs.

Look for lateralising neurological signs.

Respiratory system

Check airway, secretions and chest drains.

Oxygenation: Assess FiO5, PaO; or SaO;, physical examination and chest radiograph.
Ventilation: Assess ventilatory mode, PaCO; and inspiratory pressures.

Cardiovascular system
Determine BP, pulse rate and rhythm and peripheral perfusion.
Check for the presence of inotropes, vasopressors, vasodilators and other cardiovascular drugs.

Fluid and renal

Urine output and other abnormal losses
Creatinine, urea and electrolytes.

Fluid input: volume and composition.

Gastrointestinal Tract

Type of feeding and vitamins (is it being tolerated?).
Examination of abdomen.

Liver function tests.

Haematology

Haemoglobin.

Platelets.

Clinical bleeding and coagulation profile.

Microbiology

Temperature.

White cell count.

Results of microbiological tests and culture.

Type of antibiotics, dose, duration and appropriateness.

Drugs
Are they all still required?
Check drug levels.

Catheters, lines and monitoring
Appropriateness and duration.

Devise a plan of action based on this assessment
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Routine postoperative management following elective vascular surgery

These patients often have severe impairments of their underlying physiological reserves (e.g. previous
myocardial infarction, ischaemic heart disease, chronic airflow limitation (CAL), diabetes).
As such, they are at risk for acute perioperative events, such as myocardial ischaemia and stroke.
The key to perioperative management is to maintain excellent cardiorespiratory stability.

Ventilation

Elective postoperative ventilation is sometimes used, especially after laparotomies. Adequate pain relief,
supplemental oxygen and continuous positive airway pressure (CPAP) may be as effective as elective
ventilation.

Oxygenation

Normal oxygenation should be carefully maintained in order to prevent myocardial ischaemia and to
facilitate wound healing. Oxygen supplementation is almost invariably required and is not usually a
problem, even in the presence of severe CAL.

Cardiovascular system

These patients often are hypertensive and need to have their BP maintained within their own ‘normal’

preoperative limits. Hypotension usually responds to fluid replacement. If not, look very carefully for the

cause of the hypotension, e.g. surgical bleeding, acute myocardial infarct. Check ECG and troponin levels.
A transthoracic echo will be useful. Paradoxical hypertension may occur in these patients when they

are hypovolaemic.

Fluid replacement
Patients, especially those who have had vascular surgery, including a laparotomy, often require large
amounts of fluid replacement for the first 12 hours postoperatively (e.g. 2—4 L).

Urine output
It is crucial to maintain urine output at or above 0.5 ml - kg=! - h=!. Fluids are usually sufficient to
achieve this. If the patient has had a laparotomy check the intra-abdominal pressure.

Pain relief

Recovery from surgery involving a lower limb or the carotid artery is not especially painful. However, it is
important to provide adequate pain relief for patients following laparotomy, in order to ensure adequate
ventilation and oxygenation. Horizontal abdominal incisions are less painful than the more traditional
vertical ones. Techniques for pain relief include:

* epidural analgesia
® continuous narcotic infusion or patient-controlled analgesia.

Routine postoperative monitoring
Routine postoperative monitoring should include the following:

¢ determinations of BP, pulse rate, respiratory rate, pulse oximetry and temperature
* neurological assessment, especially after carotid surgery

® determinations of peripheral pulses and perfusion to test adequacy of grafts

* monitoring for bleeding around graft sites.
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Postoperative care following carotid endarterectomy

Maintain arterial BP within the patient’s normal preoperative range.

Monitor the patient for postoperative myocardial ischaemia with routine 12-lead
ECG, considering cardiac enzymes or troponin, symptoms and ST/T-wave changes
on continuous ECG recording. Treat myocardial ischaemia aggressively.

Early signs of cerebral ischaemia (e.g. focal neurological signs) should be reported
to the surgeon immediately. A surgical cause is common and surgical intervention
necessary.

Test for hypoglossal neuropraxia. It is temporary and has little clinical significance
but keeps the surgeons on their toes.

Early signs of bleeding around the operative site should be taken seriously. Severe
obstruction of the upper airways can occur rapidly, even without obvious signs such
as stridor. Intubation is extremely difficult in these circumstances and expert
assistance is necessary.

Despite the occurrence of what often resembles torture in an ICU — sleep depri-
vation, distressing and painful procedures, disorientation — most patients have
complete amnesia about their time in an ICU. This may be related to the under-
lying illness or the use of sedation and pain-relieving drugs. However, there can
be long-term social and psychological sequelae (e.g. depression, nightmares and
mood swings) after a severe illness and a stay in an ICU. This can last for many
months or even years and will require dedicated support and honest explanation
from health professionals, relatives and friends.

Relatives

Relatives and friends often experience anxiety, stress and sleep deprivation to
similar degrees as the patient. This is one of the most traumatic times for any
family. The patient may be critically ill for days or weeks. Relatives initially have
a tendency to want to maintain a 24-hour vigil. That should be discouraged.
Friends and relatives should be given an instruction pamphlet explaining that
patients can remain seriously ill for days or even weeks and months. The relatives
should be prepared for a marathon, not a 100-metre dash. Although visiting at
any time is to be encouraged, some sort of regular eating and sleeping pattern for
the relatives should also be encouraged. The pamphlet should also contain a lay
description of all the machines and tubes that may be supporting the patient and
what the staff hope to achieve with these devices. Relatives should be encouraged
to talk to medical or nursing staff about any problems or questions they may have.

Relatives often have an insatiable need for reassurance and information. Such
information must be consistent and straightforward. Discussing what the family
‘line’ will be during the ward round with medical, nursing and social work staff,
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will help ensure this. A family conference is also a good way to communicate con-
sistent information. If interpreters are required, use a formal, reliable service, not
a family member; otherwise, information could become distorted or be censored
during translation.
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Fluid therapy and electrolytes

¢ Rapid and continual replacement of the circulating volume is one of the
commonest and most important manoeuvres in intensive care.

* The intravascular space (IVS) should be continually resuscitated against
‘hard’ and easily measurable end-points, while the interstitial and intracel-
lular fluid spaces are maintained using ‘softer’ end-points.

* Serum potassium, magnesium, and phosphate values should be measured
at least daily and corrected.

Assessment of body fluid spaces

Body fluid is distributed to three compartments — the intravascular space (IVS),
the interstitial space (ISS) and the intracellular space (ICS) (Figure 4.1). The IVS
and ISS together contain the extracellular fluid (ECF). The fluid in each space has
aunique composition and function. The function of the IVS fluid is to carry gases,
nutrients and metabolites to and from cells. The ISS bridges the gap between the
cells and the capillaries. It also carries the lymph system, which transports protein,
other solutes and fluid back into the circulation. Dehydration results in depletion
of the ISS fluid, whereas oedema occurs when there is excessive fluid. Oedema is
common in the seriously ill and can cause serious complications. The ISS fluid
consists largely of sodium and water and the ICS fluid consists mainly of potassium
and water.

Assessment of the ISS is more difficult than assessment of the IVS. There are
many reasonably accurate measurements, such as blood pressure (BP), pulse rate,
urine output and cardiac filling pressures that can reflect the volume of the IVS,
whereas measurements reflecting the ISS and ICS, such as tissue turgor and the
extent of dry mucosa, are relatively ‘soft” in comparison.

Before any decision about fluid replacement is made, one must determine
which fluid space is depleted; then the most appropriate fluid for replenishing
that particular space should be given.

1
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Table 4.1. Causes of hypovolaemia

1 Blood loss

2 Water and electrolyte loss, e.g.
GIT loss
Excessive diuresis
Excessive sweating

3 Plasma loss, e.g.

Burns
4 Vasodilation causing relative hypovolaemia, e.g.
Sepsis
Drugs
Intravascular Interstitial Intracellular
Space space space

23L

Figure 4.1. Volumes of the body’s fluid compartments.

o IVS: approximately 70 ml/kg in adults.
o ISS: approximately 200 ml/kg in adults.
o ICS: approximately 330 ml/kg in adults.

Table 4.1 lists the causes of hypovolaemia.

Assessment of the intravascular space

Pulse rate

Tachycardia is a good indicator of hypovolaemia in the young when there are
no other complicating factors. However, interpretation can be difficult, as tach-
yarrhythmias due to underlying disease, such as sepsis, pain and anxiety, or drug
administration, can commonly affect heart rate in the seriously ill. Underlying
cardiac disease, especially in the elderly, can also complicate the interpretation of
tachycardia as an indicator of hypovolaemia. As a general rule the young respond
more vigorously to hypovolaemia with a tachycardia than do the elderly.
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Arterial blood pressure

Hypotension often means hypovolaemia, whereas hypertension is rarely caused
by hypervolaemia. In fact, hypovolaemia can paradoxically cause hypertension,
especially in the patients who previously have been hypertensive, in children, or
in the presence of autonomic dysfunction (e.g. tetanus, poliomyelitis, Guillain—
Barré syndrome). However, there is a reasonably steady relationship between
arterial BP and intravascular volume in seriously ill patients in intensive care. The
pressure must be interpreted in the light of any artificial support by inotropes and
vasopressors. Intravascular volume ‘tracks’ BP more accurately in the elderly than
in fit young patients, where it tends to be compensated for by an active response
to sympathoadrenal activity, until dangerous levels of hypovolaemia have been
reached.

Central venous pressure
Central venous pressure (CVP) is a reflection of only right-sided cardiac filling
pressures; it is not an accurate indicator of left-sided cardiac pressures.

Lung abnormalities, artificial ventilation and positive end-expiratory pressure
(PEEP) can cause increases in pulmonary artery pressure and right-sided heart
pressures even in the presence of normal or low blood volumes (Figure 4.2). Exces-
sive sympathetic tone accompanying hypovolaemia also can artificially increase
the CVP. Thus, CVP in the presence of hypovolaemia also can be low, normal
or high. Similarly, after fluid correction, it may increase, decrease or remain the
same.

The CVP s, at best, useful to indicate a trend and then only when it is consistent
with other measurements of intravascular volume.

Pulmonary artery wedge pressure

The pulmonary artery wedge pressure (PAWP), measured with a pulmonary
artery catheter, is a reflection of left-sided filling pressure in the heart and thus is
a more accurate indicator of the systemic circulation than is CVP. As with CVP
measurement, technical errors can be common.

There is little relationship between left ventricular end-diastolic volume and
PAWP in seriously ill patients. This is largely because of the unpredictable re-
lationship between left ventricular pressure and volume, or compliance, in the
presence of critical illness such as multitrauma and septicaemia.

The PAWP may be difficult to interpretin artificially ventilated patients, because
it increases in the presence of increased intrathoracic pressure, such as PEEP,
continuous positive airway pressure (CPAP) or intermittent positive-pressure
ventilation (IPPV).

Thus, PAWP is useful to indicate a trend, rather than as an absolute reading
and is useful in association with, rather than in isolation from, other indications
of intravascular volume. The value of pulmonary artery catheters in the ICU is
currently questioned and their use is decreasing.

43
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Figure 4.2. Determinants of central venous pressure other than blood volume (keep in mind that
there may be inherent inaccuracies in the measuring of CVP, as well as the possible effects of
drugs). PEEP, positive end-expiratory pressure.

Peripheral perfusion

The ratio between core temperature and peripheral temperature reflects periph-
eral perfusion. The temperature in the extremities provides a rapid means for
estimating peripheral perfusion. The estimation cannot, of course, allow one to
differentiate between hypovolaemia and poor cardiac function.

Urine output

Hourly urine output offers an accurate and easy means for assessing peripheral
perfusion and circulating volume. However, it can be affected by drugs, including
diuretics, as well as by the underlying renal function.

Tonometry

The problem with many of our current measurements of circulating volume is
that they do not reflect the adequacy of blood flow to the tissues. Tonometry
indirectly measures blood flow in the mucosa of the gastrointestinal tract (GIT).
The technique is described in more detail later. Tonometry was one of the first
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measurements to give us information about tissue perfusion in a non-invasive
way. Like most measurements of the IVS its accuracy and reliability has not been
established. It does reflect the new direction in monitoring — non-invasive and
measuring tissue perfusion not global perfusion.

Fluid challenge

The intravascular compartment is most accurately assessed by using the fluid
challenge technique: measure all available indicators of the IVS before and after
rapidly infusing a fluid bolus (200-500 ml). If they all rapidly improve, consid-
eration should be given to a further bolus. If minimal improvement occurs, the
circulating volume is close to being optimally filled.

Assessment of the interstitial and intracellular spaces

The ISS and ICS usually are assessed together, because it is difficult to distinguish
between them on clinical grounds. Although they contain the majority of the
body’s water, the ISS and ICS are far less accessible to estimation than is the IVS.

Fluid balance charts
A fluid balance chart, at best, provides only a guideline to fluid needs. Limited ins
and outs are recorded on a fluid balance chart (e.g. gastric aspirate, urine output,
oral and intravenous intakes). The recorded fluid balance can represent less than
half of the fluids actually lost or gained, as many of the fluids are inaccessible to
measurement (e.g. insensible loss, water of oxidation, GIT losses from an ileus
and wound oedema).

Unless the electrolyte and protein concentrations of lost body fluids are known,
we cannot know from which body space a fluid was lost, nor, therefore, the most
appropriate fluid with which to replace that loss.

History

A history of fluid losses (e.g. diarrhoea, gastric contents, diuresis, excessive sweat-
ing, wound and fistula losses, hyperventilation) will provide information on the
magnitude and composition of the lost fluid. For example, pancreatic fluid and
bile will have electrolyte concentrations similar to those of the ISS fluid, whereas
gastric losses and fluid from an osmotic diuresis will have comparatively lower
sodium concentrations and higher potassium concentrations, indicating fluid
losses from the ICS as well as the ISS.

Serum sodium

The serum sodium concentration is the single most important indicator of total
body water (TBW), as it usually is a reflection of body water changes rather than
the absolute amount of body sodium. Thus, hyponatraemia usually represents
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Figure 4.3. Interpreting serum sodium concentrations. TBW, total body water.

excessive body water and hypernatraemia usually represents depleted body water
(Figure 4.3).

Chest x-ray

A chest x-ray will provide an accurate indication of lung water, which is equiv-
alent to the ISS of lung tissue. Regular chest x-rays constitute an efficient and
accurate predictor of lung water. However, the lung water usually is the result
of an underlying abnormality, such as cardiogenic pulmonary oedema or acute
lung injury (ALI), rather than simple fluid overload. There is a direct relationship
between intravascular pressures and the amount of lung water in a patient with
either ALI or cardiogenic pulmonary oedema.

Dry mucosa
The extent of dry mucosa is difficult to interpret in intensive care, as such patients
usually are unconscious or have a high rate of gas flow from an oxygen mask.

Tissue turgor

The tissue turgor is an estimate of both the ISS and ICS volumes. It varies enor-
mously with age. It provides an empirical guide, at best, allowing one to estimate
the extremes of ‘very dry’ (dehydration) or ‘very wet’ (oedema).

Fluid replacement

Fluid replacement in the critically ill must be precise, as these patients often will
have lost the normal mechanisms for fluid control, such as thirst and normal
renal function and thus they cannot compensate for excessive or inadequate fluid
volumes.
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Priorities in fluid replacement

1 The first priority, and one of the most important and common manoeuvres
in intensive care, is to continually assess and correct the intravascular volume.
Replacement of lost IVS fluid is essential in order to maintain normal tissue
perfusion.

2 Maintain adequate haemoglobin concentration to ensure adequate oxygena-
tion.

3 Replace electrolytes in order to maintain the distribution and volume of body
water, as well as to maintain cellular function (e.g. sodium, potassium, calcium,
magnesium, phosphate).

4 Replace water to maintain the ISS and the ICS.

Intravascular space

Once measurements have verified hypovolaemia, a fluid that will be retained
within the circulating volume is the most efficient form of replacement (e.g. col-
loid or blood). Crystalloid solutions (e.g. isotonic saline, Ringer’s lactate) are
distributed throughout the whole ECF and therefore are not as efficient for cor-
recting intravascular deficits, as are colloid solutions. Where possible, colloid or
blood should be titrated against the indicators of intravascular volume — BP, pulse
rate, CVP, PAWP, urine output, peripheral perfusion.

In practice, all of these measurements of the intravascular volume have short-
comings and they are more useful when taken in conjunction with a fluid chal-
lenge. Appropriate readings should be taken before and after a challenge of
200-500 ml of rapidly infused fluid for adults, or aliquots of 20 ml/kg for children.

There is some evidence that early surgery is more effective than just replacing
blood loss in penetrating injury to the torso. Unfortunately there is a poten-
tially dangerous assumption that not replacing blood loss or correcting shock
is acceptable. In the continual effort to make one’s mark in the world, the term
permissive hypotension has been devised. This is presumably based on the prac-
tice of permissive hypercarbia in order to prevent lung damage during ventilation.
However permissive hypercarbia is not permissive hypoxia. Blood flow contain-
ing oxygenation is a basic premise in the practice of intensive care. Until we
have unequivocal evidence that uncorrected shock and ischaemia is not only
safe but beneficial we should avoid permissive hypotension and reverse shock at
all times.

Interstitial space

Most of the crystalloid solution will be distributed to the ISS, not the IVS. Thus,
crystalloids are the most useful fluids for dehydrating the ISS. However, it is rare
to have a depleted ISS in a seriously ill patient. In fact, oedema or expansion of
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the ISS usually is a much greater problem. Crystalloid solutions should therefore
be used cautiously when correcting hypovolaemia.

Pulmonary and peripheral oedema
Because crystalloids are distributed mainly to the ISS rather than the IVS, they
can cause pulmonary and peripheral oedema in subclinical and overt forms.
Pulmonary oedema causes decreases in oxygenation and lung compliance and
peripheral oedema decreases cellular perfusion and oxygen consumption.
Salt-containing solutions (e.g. isotonic saline or Ringer’s lactate solution)
should be used judiciously for the correction of hypovolaemia, especially when
large volumes are contemplated. Often the ISS is already overexpanded in the
seriously ill, as a result of the salt and water retention that accompanies the stress
response.

Intracellular space

Assessment of the ICS is clinically difficult. Most of the body’s water is contained
within the ICS, but serum sodium concentration is the most important clini-
cal indication of TBW status. Hyponatraemia usually indicates excessive TBW
and hypernatraemia usually indicates inadequate TBW. Thus, water (usually in
the form of 5% dextrose) can be titrated in an empirical fashion against serum
sodium.

Although water losses in the seriously ill can be substantial, water gains due to
secretion of antidiuretic hormone (ADH) and due to catabolism are not insignif-
icant. As a guideline, between 500-2000 ml of 5% dextrose/24 h (20-100 ml/h)
usually will be sufficient water replacement in the seriously ill.

Approach to fluid replacement in the critically ill

One should not use rigid and inflexible regimens and formulae for fluid re-
placement. Each patient should be carefully assessed and the right type of fluid
in the right amount should be prescribed for that particular time in the course
of that patient’s illness.

No matter what the origin of the fluid problem (e.g. shock, dehydration, exces-
sive GIT losses, diabetic ketoacidosis, polyuria), the general principles for fluid
and electrolyte replacements are the same.

1 Correct the circulating volume with colloid or blood. Restore organ perfusion
and oxygen-carrying capacity of the blood as soon as possible. Often a contin-
uous infusion of colloid (50-200 ml/h) is required in the seriously ill in order
to maintain a normal circulating volume. In disorders such as septicaemia or
pancreatitis, higher infusion rates are sometimes required.

2 Rehydrate the interstitial and intracellular compartments as appropriate in
view of the patient’s clinical status and biochemistry (e.g. serum electrolyte
composition). This is usually achieved by titrating 5% dextrose empirically
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against the serum sodium concentration. An empirical hourly rate (20-100
ml/h is usually sufficient) can be charted once each day according to the daily
serum concentration. More may be necessary in the presence of large fluid
losses and hypernatraemia.

If a patient is relatively stable, a solution containing sodium and water can be
used as maintenance fluid. Such solutions usually contain dextrose and saline in
varying amounts to achieve isotonicity (Table 4.2). The sodium concentration
is usually between 30 and 70 mmol/L. Such a maintenance solution should
be given at a rate between 50-150 ml/h (1200-3000 ml/day). Compositions of
commonly used IV fluids are given in Table 4.3.

If there are excessive losses from one particular part of the body, then extra
infusion of fluid of the appropriate composition will be required. For example,
fluid losses from diarrhoea, from a small bowel fistula and from an osmotic
diuresis will all have different electrolyte concentrations (Table 4.3). Moreover,
the amount recorded as draining from a particular site may represent only a
small percentage of the real losses. For example, whereas a bowel leak may drain
a substantial amount, fluid can also be lost into the intra-abdominal cavity and
thus not recorded. As a general rule, we assume that losses are actually greater
than those recorded.

Perioperative fluids

The principles of fluid replacement are the same in the perioperative period as
for critically ill patients, no matter what the cause of the fluid loss or from which
space it occurs.

1
2

Rapidly and aggressively correct hypovolaemia with blood or colloid.
Maintain TBW by infusing 5% dextrose at a rate to maintain the serum sodium
concentration within normal limits.

When the patient becomes stabilised, a maintenance fluid can be used: 4%
dextrose at 20-40 ml - kg~! - day~! plus 0.18% NaCl, or a similar combination
of dextrose and saline.

Replacement fluid: Most body secretions (e.g. urine, gastric fluid, large intesti-
nal fluid) contain relatively low concentrations of sodium. A dextrose/saline
combination (Na 30-70 mmol/L) can be used to replace excessive losses of
most body fluids. Some body fluids (e.g. bile and pancreatic juice) contain
higher amounts of sodium and may need crystalloids (e.g. isotonic saline or
Ringer’s lactate) in order to replace losses.

Manipulation of fluid spaces

The distribution of infused fluid can be predicted on the basis of its colloid
oncotic pressure (COP) and sodium content. For example, fluid with a COP the
same as that of plasma will largely remain in the IVS. Isotonic saline will largely
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Table 4.3. Volumes and electrolyte concentrations of various body fluids

Volume  Sodium Potassium  Chloride Bicarbonate
(L/day) (mmoL) (mmol/L) (mmol/L) (mmol/L)

Saliva 1-2 30 20 35 15
Gastric juice 2 50 10 150 -
Bile 1.5 140 5 100 30
Pancreatic fluid 1.0 140 5 30 120
Small intestine fluid  3.5-4.0 100 5 100 25
Large intestine fluid 0.5 80 15 50 -
Diarrhoeal fluid 80 30 60 25
Sweat 0-3 50 10 50 -

remain within the ISS. A 5% dextrose solution will be distributed equally over
all three body fluid compartments. Dextrose/saline-containing solutions will be
distributed over all three compartments; the amount going to the ISS is dependent
on the sodium concentration in that fluid. Artificial elimination of fluid from the
body spaces, such as via haemofiltration, follows the same principles. The IVS
is more amenable to manipulation than are the ISS and ICS. For example, the
circulating volume can be artificially vasodilated or vasoconstricted with drug
combinations.

Intravascular space

« Replace fluid losses with blood or colloid.

o Thesize of the intravascular compartment can also be manipulated by drugs that
act either directly on smooth muscle or indirectly via the autonomic nervous
system and adrenergic receptors — vasodilators and vasopressors.

Interstitial and intracellular space

« Assessment of these spaces is more difficult than the TVS.

« Use isotonic saline to replace ISS losses; use water in an isotonic form to replace
losses from the ICS.

o Excess fluid from the ISS and ICS can be removed by dialytic techniques, such as
haemodialysis and ultrafiltration, or with drugs, such as diuretics or aldosterone
and angiotensin antagonists.

Fluid manipulation across body spaces

Fluids can be encouraged to move from one compartment to another by a combi-
nation of strategies. For example, a patient with peripheral oedema in the presence
of hypovolaemia and hypotension can be given a solution containing colloid os-
motic particles, which will exert an oncotic pressure, causing the interstitial fluid
to move into the IVS. Simultaneously, a diuretic or ultrafiltration can be used
to decrease the ISS. Similarly, glucose, insulin and potassium can be given to
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Figure 4.4. Manipulation of fluid compartments. Representation of the different fluid
compartments and how they may be manipulated. Following access through vascular
cannulation, the various fluids are distributed mainly to one compartment or

another. Similarly, by the use of various drugs or techniques, fluid can be removed from
the fluid compartments. Fluid can also be encouraged to move from one compartment
to another. The following key is used: PD, peritoneal dialysis; HD, haemodialysis; GIK,
glucose, insulin, and potassium; HP, hydrostatic pressure; PEEP, positive end-expiratory
pressure; IV, intravascular.

Reprinted by permission of Hillman, K. Fluids and electrolytes. In: Scientific Foundations
of Anaesthesia, The Basis of Intensive Care, 4th edn, ed. C. Scurr, S. Feldman and N. Soni,
pp- 448-62. Oxford: Heinemann Medical Books, 1990.

move water into the ICS (Figure 4.4). By considering each fluid compartment
separately, one can devise the right fluid for each space, or, alternatively, the right
strategy when there is excessive fluid in any individual space.

Hypertonic saline solutions

The place of hypertonic saline solutions is not clear, apart from in the management
of hyponatraemia. However, they are used empirically in many situations, e.g.
prehospital trauma, head injury and ALIL There is little firm evidence supporting
their widespread use and problems include hypernatraemia, hyperosmolality and
peripheral oedema.
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Colloid or crystalloid?

This is largely an irrelevant question. The controversy as to whether crystalloid
or colloid solutions should be used arose because of the false assumptions that
both fluids performed the same function, that they were distributed to the same
body fluid spaces, and that the same measurements could be used as guidelines
to their use. None of those assumptions were true. Using blood or colloid is the
most efficient way of replacing intravascular volume, because the majority of it
will be distributed to that space. Crystalloid, on the other hand, will mainly be
distributed to the ISS.

When measurements of the IVS are used for fluid replacement (e.g. BP, pulse
rate, CVP, PAWP) then a fluid that will be largely distributed to that space should
ideally be used (e.g. blood or colloid solutions). As crystalloid solutions are dis-
tributed mainly to the ISS, they should be titrated against the assessment of that
space (e.g. tissue turgor).

When choosing a colloid solution, there are studies which suggest that colloid
solutions, in particular albumin-based fluids, may be associated with worse out-
comes. The controversy surrounding this issue may soon be resolved by a large
randomised controlled trial comparing albumin and crystalloid.

Crystalloid solutions (solutions containing isotonic amounts of sodium) are
mainly distributed to the ISS, not to the IVS, and therefore are inefficient for
intravascular volume replacement. In excessive amounts, crystalloids can cause
pulmonary, peripheral and perhaps even cerebral oedema (Figure 4.5). Critically
ill patients are stressed and, because of associated neuroendocrine responses,
they retain sodium and water. This protects the ISS more than the ICS or IVS,
exacerbating peripheral and pulmonary oedema.

The ISS should be kept ‘dry’ for optimum gas exchange in the lungs and for
exchange of gases, substrates, and metabolites at a capillary level. Moreover, opti-
mum lymphatic function depends on a ‘dry’ ISS. This is difficult to achieve when
crystalloid solutions are used in the seriously ill. Colloid or blood should be used
to replenish the IVS on the basis of intravascular measurements. Crystalloid
and hypotonic solutions should be used to maintain the other fluid spaces on
the basis of biochemical and clinical assessment.

special problems

syndrome of inappropriate secretion of antidiuretic hormone

Hyponatraemia is common in ICUs and there are many causes. The syndrome
of inappropriate secretion of antidiuretic hormone (SIADH) is usually a diag-
nosis of exclusion. Increased serum osmolality, stress and hypovolaemia cause
release of ADH, which, in turn, causes water retention. All of these condi-
tions are common in the seriously ill. Hypovolaemia will cause ADH release
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Figure 4.5. Correction of hypovolaemia with various fluids. The box on the left
represents a hypothetical hypovolaemic patient. It can be seen that with the use of 5%
dextrose to resuscitate the patient, massive expansions of the ICS and ISS will also

occur. Similarly, with the use of a crystalloid, there will be significant expansion of the
ISS. It is more efficient to use a colloid as the fluid, as less is required, and there are fewer
complications because of less oedema.

even if the patient is hypo-osmolar. Most ADH release in the critically ill is
appropriate.

Inappropriate ADH release implies that ADH is released in the face of a normal
initial intravascular volume and osmolality.

Inappropriate ADH release is rare and is associated with acute infections, acute
psychiatric conditions, carcinoma, neurological disorders, endocrine disorders
and some drugs.

Approach

« Correct any reversible aspect of the primary disease.

« Correct any abnormalities of the circulating volume and serum osmolality; then
reduce water intake according to the clinical state, serum osmolality and serum
sodium concentrations.

o Administer demeclocycline (600-1200 mg/24 h); lithium and frusemide have
been used in resistant cases.

Diabetes insipidus

When the patient is conscious this syndrome is characterised by polyuria, thirst
and polydipsia secondary to plasma hyperosmolality and occurs when there is
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SIADH

Diabetes insipidus

Pathophysiology

Alerting sign
Serum osmolality
Urine osmolality

ADH release inappropriate to
the volume/osmolar state

Hyponatraemia

< 275 mOsmol/L

> 100 mOsmol/L

> 20 mmol/L

Too little ADH, or insensitive
to ADH

Polyuria

> 310 mOsmol/L

< 200 mOsmol/L

> 20 mmol/L

Urinary sodium

an absolute or relative deficiency of ADH (Table 4.4). However, most cases in
the ICU are neurogenic and the patients present with polyuria in the presence of
serious cerebral injury.

Nephrogenic
The nephrogenic form is rare — the renal concentrating mechanism is not respon-
sive to ADH.

Neurogenic
The neurogenic form is common — often follows neurosurgery, head injury or
other cerebral insults. It results in polyuria which often is severe.

Diagnosis
Take a history and conduct a physical examination. Determine

e urine volume and osmolality
o plasma osmolality
« glucose, electrolyte and calcium concentrations.

In diabetes insipidus, the plasma osmolality is usually greater than 310 mOsm/kg
(often > 350), whereas the urine osmolality is usually less than 200 mOsm/kg
(often < 100).

In the acute setting, a therapeutic trial of desmopressin acetate (DDAVP) may
be indicated: in patients with neurogenic diabetes insipidus, urine output, as well
as urine and plasma osmolarities, will be corrected. In patients with nephrogenic
diabetes, the polyuria will not respond to DDAVP. Water deprivation tests are
more suitable for ambulant patients with chronic diabetes insipidus, rather than
those in an intensive care unit (ICU).

Management

Exclude other causes of polyuria (e.g. associated with hyperglycaemia, mannitol
or other diuretics). Correct hypovolaemia with colloid and replenish other body
spaces as appropriate.
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Itis particularly important to treat polyuria in an unconscious patient because
the thirst mechanism is impaired and dehydration might otherwise occur.

Use DDAVP parenterally rather than nasally in the acute situation. Give 1-5
units intramuscularly (IM) every 4-6 hours, according to control of polyuria.
DDAVP is a potent drug, and care must be taken to avoid overdose and water in-
toxication. Alternatively, use a continuous IV infusion of vasopressin (1-2 units/h
initially and then titrate against urine output). When using vasopressin, beware
of myocardial ischaemia, which can be reversed by nitrates. Other complications
include diarrhoea, nausea and abdominal cramps.

Measure the urinary electrolytes and replace the urinary losses with the most
appropriate solution — usually a dextrose/saline solution. Maintain the plasma
osmolarity and serum sodium concentration within normal ranges.

Electrolytes

Sodium

Sodium is the principal extracellular ion. Its turnover is approximately 150
mmol/24 h. The normal kidney will slowly (over 3-5 days) adjust to widely
varying sodium intakes.

Stressed and seriously ill patients have a neuroendocrine adaptation to retain
water and sodium. Excessive sodium as a result of replacement and retention is
common and will cause ISS expansion with pulmonary and peripheral oedema.

Hyponatraemia

Hyponatraemia does not necessarily imply either hypo-osmolality, nor sodium
depletion. Hyponatraemia can occur with decreased, normal, or even increased
total body sodium. In the seriously ill, hyponatraemia is commonly due to excess
body water, but rarely due to too little sodium. Clinical evaluation of the patient’s
fluid status will assist in the diagnosis. Hyponatraemia can occur with any acute
illness, in association with liver disease and alcoholism, or as a result of water
intoxication.

Rarely, hyponatraemia can be spurious, as a result of hyperlipidaemia or hy-
perproteinaemia. It can also occur in association with hyperglycaemia as a result
of intracellular water moving into the ISS.

Hyponatraemia is rarely a problem in chronic states, as long as the serum
sodium concentration is above 120 mmol/L.

Symptoms are related to the rate of change as well as to the absolute level — mild
(weakness, dysarthria and confusion) or severe (seizures, coma, central pontine
myelinolysis and cerebral oedema). Rapid correction of the hyponatraemia may
also precipitate these symptoms.
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Treatment: The goals of treatment in acute hyponatraemia are to reduce ex-
cessive water and increase the plasma sodium concentration.

« Correction of hyponatraemia must be slow, unless the patient is in a coma or is
having convulsions. Permanent cerebral damage can occur secondary to rapid
correction.

o Treat any underlying cause (e.g. cardiac failure).

e Aim to increase the serum sodium by no more than 10 mmol/24 h, even when
a level of 120 mmol/L has been reached.

« Correction to more than 130 mmol/L is rarely necessary.

 In symptomatic cases (e.g. seizures or coma), consider using hypertonic saline
(514 mmol/L) in conjunction with a diuretic such as mannitol or frusemide.
Initially correct the serum sodium concentration to no more than 120 mmol/L.

o Water restriction will reverse most cases of mild hyponatraemia (>125 mmol/L)
in patients who are asymptomatic.

Hypernatraemia
Hypernatraemia is almost always due to a deficit in body water (e.g. from GIT
losses, skin losses or osmotic diuresis). It is rarely due to excess total body sodium.
Hypernatraemia can cause central nervous system symptoms.

Treatment:

o Correct the underlying cause.
* A slow rehydration with 5% dextrose (100—200 ml/h) will correct most cases.
« Rarely, dialysis may be necessary.

Potassium

Potassium is the principal intracellular ion. It is an important determinant of the

resting membrane potential. Its turnover is approximately 50-100 mmol/24 h.
Unlike the case for sodium, the body’s mechanisms for retaining potassium are

underdeveloped. Small shifts in serum concentrations can be dangerous.

Hypokalaemia

Hypokalaemia is common in the ICU.

Hypokalaemia is a potent cause of both supraventricular and ventricular ar-
rhythmias.

Hypokalaemia can also cause coma and neuromyopathy.

Acute hypokalaemia is more arrhythmogenic than the chronic form. The ECG
changes include flat or inverted T-waves, ST segment depression and U waves
(Figure 4.6).

Many patients on long-term diuretics or oral theophylline preparations will be
hypokalaemic on admission.
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Figure 4.6. ECG changes resulting from alteration of the serum potassium
concentration. Reprinted by permission of Blackwell Scientific Publications Inc. Hutton,
P. and Cooper, G. Guidelines in Clinical Anaesthesia (1985): 254.

Hypokalaemia also accompanies drugs with [3,-agonist activity (e.g.
adrenaline, salbutamol).

Causes of hypokalaemia

Losses:

o The kidney is the main source of clinically significant hypokalaemia in the
seriously ill.

« Diuretics (e.g. frusemide or mannitol), diabetic ketoacidosis and diabetes in-
sipidus.

o GIT loss (e.g. diarrhoea) and excessive nasogastric losses.

Intracellular shift:

« Correction of metabolic acidosis.
o Insulin-treated hyperglycaemia.
» Aminophylline.

« Catecholamines with (3, activity.

Treatment:

 Cardiac arrhythmias, including supraventricular and ventricular, are more
common with hypokalaemia, even at the lower limits of ‘normal.
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« Keep the serum potassium more than 4 mmol/L.

« Intravenous potassium (5-40 mmol/h) should be given via a central line and
the rate readjusted regularly with frequent monitoring of serum levels until the
hypokalaemia is corrected.

Hyperkalaemia
The ECG changes include T-wave elevation, prolongation of the PR interval,
widening of the QRS complex and deepening of the S-wave (Figure 4.6). Patients
are prone to cardiac tachyarrhythmias, peripheral paraesthesia, profound muscle
weakness and eventually asystole.

Causes:

« Failure of excretion, renal insufficiency.

« Cellular damage and potassium release: crush injury, burns, rhabdomyolysis,
haemolysis, succinylcholine administration.

o Potassium shift from cells as a result of severe acidosis.

Treatment:

1 Protect the heart from life-threatening arrhythmias.
¢ Calcium: 10 ml of 10% solution (calcium chloride).
¢ Sodium bicarbonate: 100 mmol (100 ml of 8.4% solution) — also drives
potassium intracellularly.
2 Shift potassium intracellularly.
* Glucose: 100 ml of 50% glucose, with 20 units of soluble insulin. By driving
potassium intracellularly, this acts as a temporary measure.
3 Remove potassium.
« Ion-exchange resin: calcium resonium, 30-60 g, 2—6 hourly, either orally or
rectally, will decrease the serum potassium.
« Dialysis may be urgently required in severe or resistant hyperkalaemia.

Chloride

Chloride is the principal anion in the body. Its concentration varies in differ-
ent body fluid spaces. The chloride concentration is largely dependent on the
concentration of other organic anions:

o Plasma: 104 mmol/L.
« Interstitial fluid: 117 mmol/L.
o Cells vary from 2 mmol/L in skeletal muscle to 90 mmol/L in erythrocytes.

The turnover of chloride is approximately 135 mmol/day. The plasma concen-
tration of chloride tends to vary in the same direction as that of sodium and in
the opposite direction to that of bicarbonate (i.e. increased sodium is associated
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with increased chloride and increased bicarbonate is associated with decreased
chloride).

Hypochloraemia (serum concentration < 95 mmol/L)
Hypochloraemia accompanies losses from the GIT and kidneys; it can be caused
by dilution and accompanies certain disease states.

Causes:

« Large gastric aspirate

» Metabolic alkalosis

« Respiratory acidosis (chronic)
 Over-hydration with hypotonic solutions.
« Diuretic therapy

« Inappropriate ADH release

» Burns

Treatment: The treatment is the same as for hyponatraemia. Remember to
correct the serum potassium concentration.

Hyperchloraemia (serum concentration > 110 mmol/L)
Hyperchloraemia in intensive care often accompanies respiratory alkalosis, hypo-
volaemia or a metabolic acidosis. Artefactual readings may be due to sampling
blood close to an IV line or may be secondary to replenishment with hyperosmolar
solutions containing chloride.

Causes:

 Hyperchloraemic metabolic acidosis

« Respiratory alkalosis

 Dehydration and hypovolaemia

« Renal disease

« Diabetes insipidus

« Hypertonic saline infusion or large volumes of 0.9% NaCl
 Bromide intoxication

Treatment:

Chloride disturbances often are markers of other abnormalities in the seriously
illand usually no specific treatment is indicated. However, it is important to deter-
mine the cause of the abnormal chloride concentration and treat the underlying
disease.

Calcium

Calcium is an essential component of a ‘universal messenger system’. Calcium
is essential for the integrity of cell membranes (muscles, nerves), as well as for
a range of other functions: complement activity; clotting; secretion of exocrine,
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endocrine and neurocrine products; transport and secretion of fluids and elec-
trolytes; growth of cells.

About 99% of the body’s calcium is found in bones and teeth. Only a small
amount is present in body fluids and cells. Circulating calcium can be in either
the protein-bound form (about 45%), where it is mainly bound to albumin,
in the form of non-ionised salts with phosphate, sulphate and citrate (5-10%);
or in the active form, as ionised calcium (about 50%). Acidosis decreases its
protein binding (increasing ionised calcium) and alkalosis increases its protein
binding (decreasing ionised calcium). A low serum concentration of albumin will
also affect the total calcium concentration. Measurement of ionised calcium is
therefore necessary to evaluate the physiologically active fraction.

Circulating calcium is closely regulated by parathyroid hormone (PTH) and
vitamin D through their effects on bone, kidney and the GIT. The influence of
severe illness on calcium homeostasis is not clear. Normally, calcium is controlled
within narrow limits by a complex and efficient feedback system. Its daily turnover
is approximately 5-15 mmol.

Hypocalcaemia

Hypocalcaemia is very common in the ICU — predisposing factors being sepsis,
alkalaemia, chelation (e.g. citrate in blood products) and renal failure. It can also
result from acute deposition of calcium into soft tissue (e.g. following rhabdomy-
olysis), as well as from PTH deficiency, hypomagnesaemia, vitamin D deficiency,
acute pancreatitis or anticonvulsant treatment (phenytoin, phenobarbital).

Always measure the ionised calcium concentration, not the total serum cal-
cium, because correlation between the two is poor.

Hypocalcaemia can cause increased neuronal membrane irritability and tetany,
central nervous system symptoms such as seizures and even heart failure and
arrhythmias.

The ECG changes include a prolonged QT interval as a result of a prolonged
ST segment.

Treatment:

« Correct the serum magnesium and phosphate concentrations.

e Give 10 ml of 10% calcium chloride solution (IV) over 10 minutes. Beware of
treating hypocalcaemia in patients with rhabdomyolysis, as it can predispose
to precipitation of calcium in muscle and soft tissues.

« A vitamin D supplement may also be required.

Hypercalcaemia

Hypercalcaemia is commonly associated with hyperparathyroidism (usually mild,
< 3.5 mmol/L) or malignancies (can be severe > 4.0 mmol/L) (Table 4.5). Dis-
tinguishing between the two causes usually is not difficult and the diagnosis is
readily confirmed by measurement of serum PTH.
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Table 4.5. Causes of hypercalcaemia

Primary hyperparathyroidism — confirmed by measurement of serum PTH

Underlying malignancy — assays of PTH related protein are available

Non-parathyroid endocrine disorders (e.g. thyrotoxicosis, phacochromocytoma, adrenal
insufficiency)

Granulomatous diseases (e.g. sarcoidosis, tuberculosis)

Drugs (e.g. thiazide diuretics, lithium)

Miscellaneous (e.g. immobilisation, milk-alkali syndrome, vitamin A and D intoxication,
IVN acute and chronic renal insufficiency)

Hypercalcaemia can result in muscle weakness, polydipsia and polyuria, as well
as GIT symptoms (anorexia, nausea, vomiting, constipation) and central nervous
system disturbances (lethargy, depression).

Treatment guidelines:

1 Resuscitate (airway, breathing, circulation).

2 Identify and treat the underlying disorder. The following measures are only
temporary and the underlying disorder must be addressed (Table 4.5).

3 Correct other obvious fluid (e.g. dehydration) and electrolyte problems.

4 Enhance renal excretion: calciuresis with 2.5-4 L of isotonic saline daily, plus
a loop diuretic (e.g. frusemide at 10-50 mg IV 2-hourly.

Avoid thiazide diuretics as they can enhance calcium reabsorption from the distal
tubule.

Hydration and calciuresis with normal saline and diuretic are adequate for
most cases of moderate hypercalcaemia.

Severe or refractory hypercalcaemia: Give calcitonin at 4 units/kg IV, then
4 units/kg IM at 12-24 hour intervals. Calcitonin acts rapidly and is relatively
safe. It is the drug of first choice in severe hypercalcaemia (> 4.0 mmol/L) or
if the patient is symptomatic. Calcitonin acts as an osteoclast inhibitor and also
increases renal excretion of calcium.

Give mithramycin 25 pg/kg IV over 4—6 hours, repeated every 24—48 hours
if there is no hepatic or renal dysfunction, thrombocytopaenia or coagulopathy.
Mithramycin is a useful drug for severe hypercalcaemia, as it is rapid acting.

Disphosphonates inhibit osteoclasts and accelerate bone resorption. These can
be considered when mithramycin is contraindicated or when the need to reduce
calcium levels is less urgent (e.g. etidronate at 7.5 mg/kg IV over 8 hours for 3—7
days). Disphosphonates together with hydration will reduce calcium concentra-
tions in 90% of patients with malignancies.

The place of gallium nitrate is not clear. It appears to be as potent as the
disphosphonates and mithramycin but less toxic than the latter.

Other measures:
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o Corticosteroids (e.g. prednisolone 60 mg/24 h) should be considered in the
presence of severe hypercalcaemia, especially if an underlying malignancy is
suspected.

« Give phosphate, 50 mmol over 12 hours, only as an emergency measure. This
treatment can cause precipitation of calcium salts. Phosphate should be limited
to patients with life-threatening hypercalcaemia in whom other measures have
failed.

o Haemodialysis, using a low calcium dialysate, should also be considered in
severe unresponsive cases. This treatment can be dangerous as it can cause pre-
cipitation of calcium salts. It should be limited to patients with life-threatening
hypercalcaemia when other measures have failed.

Magnesium

Magnesium is the second most common intracellular cation and is essential
for many enzyme systems. The average daily requirements are approximately
3 mmol/day. Often, more is required in the critically ill (e.g. 10-20 mmol/24 h).

Hypomagnesaemia

Always think of hypomagnesaemia when there is hypokalaemia, especially in
the presence of polyuria (e.g. diuretics, diabetes). Hypomagnesaemia is often
seen in association with chronic diuretic treatment, alcoholism, malnutrition or
intravenous nutrition (IVN) without magnesium supplements. Significant losses
of magnesium can also occur with diarrhoea, ileus, gastric suction, as well as from
other GIT losses.

Hypomagnesaemia is common in the seriously ill and is often unrecognised.
The most important sequelae are ventricular and supraventricular arrhythmias,
neuromuscular excitability, GIT and central nervous system abnormalities and
heart failure. It is difficult to separate the clinical syndrome of hypomagnesaemia
from hypokalaemia and hypocalcaemia, as they often occur together. Moreover,
there is no direct relationship between intracellular and extracellular magnesium
concentrations.

Treatment:

« Give magnesium: 20 mmol diluted in 100 ml of 5% dextrose IV over 30 minutes,
repeat as necessary until the condition is corrected.
 Use a maintenance dosage with daily monitoring.

Hypermagnesaemia

Hypermagnesaemia is rare in intensive care. Sometimes it is seen in association
with renal insufficiency or occurs as a result of magnesium-containing antacids. It
is associated with impaired neuromuscular activity and depression of the central
nervous system and cardiovascular system. It can be associated with magnesium
treatment (e.g. pre-eclampsia)
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TROUBLESHOOTING

Hyponatraemia
Is it a true result?

¢ Check the sample is not proximal to an IV line.

¢ Hyperlipidaemia

* Hyperproteinaemia all decrease the serum sodium
* Hyperglycaemia

Check the urinary sodium.
Check the patient’s extracellular volume (ECV) status.
Urinary sodium > 20 mmol/L - ECV low Diuretics
Cerebral salt wasting
Tubular disease
—ECV normal SIADH
Drugs
Chronic renal failure
Urinary sodium < 20 mmol/L  — ECV low Extrarenal sodium loss
e.g. diarrhoea
—ECV normal Water intoxication
Psychogenic polydipsia
—ECV high Cirrhosis
(oedematous)  Heart failure
Nephrotic syndrome

Treatment:

« Give calcium 5 mmol IV, or isotonic saline plus 5 mmol calcium/L, 6 hourly
+
frusemide, 20 mg IV, 4 hourly.

 Use haemodialysis if the condition is resistant and is associated with symptoms.

Phosphate

Phosphate is a major intracellular anion — an important buffer and an integral
part of adenosine triphosphate (ATP) and phospholipids. The daily requirements
are at least 20 mmol/24 h.

Hypophosphataemia

Hypophosphataemia is common in the ICU. Hypophosphataemia can cause se-
vere respiratory and muscle weakness, as well as central nervous system depres-
sion. It can mimic polyneuritis and lead to profound coma. It can also cause
erythrocyte and leucocyte dysfunction, predisposing to infection, as well as my-
ocardial dysfunction and rhabdomyolysis. Hypophosphataemia is commonly
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associated with chronic alcoholism, acute severe asthma, malnutrition and dia-
betic ketoacidosis.
Treatment:

 Give 20-60 mmol of phosphate over 6 hours as an IV infusion, repeated as
necessary.

» Up to 10 mmol/h can be given safely, followed by up to 20-60 mmol/24 h to
maintain a normal concentration according to daily measurements.

Hyperphosphataemia
Hyperphosphataemia is usually seen in the presence of renal failure or in asso-
ciation with hypercatabolic states, chemotherapy or cell destruction (e.g. rhab-
domyolysis).

Treatment:

» The only reliable way to decrease the serum phosphate concentration is to
restore renal function or use dialysis. Commence oral aluminium hydroxide
(30 ml every 8 hours) or calcium carbonate (600 mg every 8 hours).
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* Giving substrates to a severely catabolic patient does not guarantee their
utilisation.

» Enteral feeding is safer, cheaper and more beneficial than parenteral feeding.

¢ The usual contraindications to enteral feeding, such as recent surgery and
an ileus are relative, not absolute.

Metabolic responses to illness and substrate utilisation

Nutritional support for the critically ill is aimed at preventing malnutrition
and its consequences. These include increased morbidity, prolonged length of
stay, increased infectious complications and decreased wound healing. Malnu-
trition is also associated with a suppression of immune function, particularly
cell-mediated immunity, complement activity and the bactericidal function of
neutrophils.

The metabolic consequences of illness and injury differ markedly from that of
starvation. In starvation the body tries to decrease its metabolic rate, in critical
illness the metabolic rate increases 2—3 times.

This leads to the picture often seen in intensive care patients, severe muscle
wasting and preservation of body fat, hyperglycaemia as well as sodium and water
retention. Lean body mass is lost at a rate 2—3 times higher than in starvation.
There is relative glucose intolerance, insulin levels rise and lipolysis is reduced.
A neuroendocrine response characterised by increased sympathetic activity and
enhanced secretion of cortisol, glucagon and growth hormone, also counteracts
the effects of insulin.

Disuse atrophy also accounts for much muscle wasting in seriously ill patients
who usually move very little. The wasting of a limb encased in a full length plaster
cast is indicative of how disuse atrophy occurs, even in a mobile, well-nourished
patient. This wasting is not altered by supplying substrates.
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Critically ill patients do not respond well to nutritional manipulation and the
more severe the stress response, the more difficult it is to guarantee substrate
utilisation.

Nutritional assessment

As in many areas of nutrition in the ICU, there is little information available on
simple and effective ways to assess current nutritional status and needs. Com-
monly used parameters include:

« premorbid history (e.g. length of starvation period)

« patient’s weight

« anthropometric determinations (e.g. triceps skin fold)

« biochemical markers (e.g. serum albumin, transferrin and pre-albumin).

The Harris Benedict equation can be used to estimate caloric requirements. In
critically ill patients it overestimates by approximately 20-30%. Achieving a pos-
itive nitrogen balance is difficult. Metabolic measurement ‘carts’ are used to es-
timate oxygen consumption (VO,), thus indirectly giving some information on
caloric requirements (kcal/day = VO, x 7). However, such carts are expen-
sive and difficult to use and the information is not easily interpreted. There is
no evidence that measurements improve outcome compared with an educated
guess.

Simple observation using the ‘Hansel-and-Gretel’ squeeze test (the short-
sighted witch squeezed Hansel’s finger to assess his weight gain) is probably as
effective as more complex tests.

Enteral nutrition

If the patient has an intact or partially intact gastrointestinal tract (GIT), enteral
feeding should be used. The only absolute contraindications to enteral feeding
are:

« complete bowel obstruction
 mesenteric ischaemia.

Other conditions may allow some enteral feeding, perhaps supplemented by
intravenous nutrition (IVN):

« partial bowel obstruction
« severe diarrhoea

e severe pancreatitis

« high output fistulas.
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Table 5.1. Enteral vs parenteral nutrition

Advantages of enteral nutrition
Preserves immune function
Less costly
Blunts hypermetabolic response
Central venous access not required
Decreases the risk of GIT bleeding and stress ulceration
Preserves GIT function, including motility and integrity of GIT mucosa
Few serious complications
Advantages of IVN
Provision of food when GIT not working
Disadvantages of enteral nutrition
Difficult to establish feeding because of gastric atony
Depends on intact working gut
Disadvantages of IVN
Central access
Gut mucosal atrophy
Increased infections

After an acute insult (e.g. trauma or surgery), gastric and colonic atony occurs,
but motility in the remainder of the small bowel is restored quickly (within 12
hours) and early feeding may be possible with duodenal or jejunal tube placement
in order to bypass the stomach. Bowel sounds are not good indicators of when
to start enteral nutrition; gas, which is necessary to generate bowel sounds, is
present mainly in the stomach and colon, not in the small bowel. The presence
or absence of bowel sounds is not indicative of small bowel activity.

Enteral nutrition has many real advantages (Table 5.1). Intravenous nutrition
willnot maintain the integrity of the gut mucosal barrier as enteral nutrition does—
an advantage for enteral nutrition as important as its nutritive values.

Despite all the advantages, enteral feeding has a high number of gastrointestinal
complications and is frustratingly difficult to achieve in some patients. Problems
include high aspirates, whether or not nutrients are being absorbed and trans-
ported along the bowel, bloating and diarrhoea. It also takes longer to establish
full feeding via the enteral route than intravenously. There is a risk of passive re-
gurgitation and aspiration in the presence of gastroparesis. If in doubt, put food
colouring in the feeds in order to test for aspiration. Sitting patients upright helps
prevent aspiration.

Most feeds have the following characteristics:

« isomolar composition

e 1 kcal/ml

« protein content < 20% of total calories

« long chain triglycerides & medium chain triglycerides
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« some vitamin and trace elements
« additional substances including fibre

Immunonutrition
Arginine, glutamine, omega-3 fatty acids and nucleotides have been shown to
marginally improve immune function in some models.

Glutamine is the preferred substrate for enterocytes and adding glutamine to
enteral nutrition may reduce bacterial translocation. Short chain fatty acids may
confer a similar advantage on the colonocytes.

Enteral foods, including some or all of these substances have been studied in
the critically ill. When compared with standard enteral food, there is no effect on
mortality but a marginal decrease in infection rates, ventilator days and hospital
length of stay. This is most obvious in surgical patients. As with most new therapies
immunonutrition is expensive and probably not justified.

Clinical guidelines

Failure of gastric emptying and ileus

The stomach appears to guard the GIT from enteral feeding in the seriously ill.
Our grandmothers expressed this reflex in the advice to — ‘feed a cold, starve a
fever’. In other words, when we are very ill, we do not have an appetite and often
suffer nausea and vomiting. Teleologically, the body may just demonstrate its
immediate priority is not feeding when it is seriously threatened.

Other factors may contribute to the specific failure of gastric emptying and
general paresis of the GIT during serious illness. These include mechanical ven-
tilation, decreased splanchnic blood flow, recent surgery, intracranial disorders
and drugs such as opiates and anticholinergics.

Promotility agents
Gastroparesis in critically ill patients may be improved by the use of prokinetic
agents such as metoclopramide, cisapride and erythromycin.

Metoclopramide (dose 10 mg IV/6-hourly) acts by antagonising the gut in-
hibitory neurotransmitter, dopamine and sensitising the gut to acetylcholine. It
has been shown to improve gastric emptying in the critically ill in some studies.

Cisapride (dose start 10 mg/6-hourly, nasogastrically) enhances cholinergic
motor activity throughout the whole gut. However, it is associated with poten-
tial complications such as serious cardiac arrhythmias and is contraindicated in
patients with prolonged QT interval. It can also potentially interact with many
other drugs used in the ICU as it shares the microsomal P-450 enzyme system. It
has been shown to improve gastric emptying in the critically ill in some studies
but probably should be avoided in the critically ill.

Erythromycin (dose 500 mg IV/6-hourly) is a macrolide antibiotic that in-
creases gastric motility by acting on motilin receptors in the GIT. Erythromycin
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can also cause torsades de point in combination with drugs causing a prolonged
QT interval such as amiodarone and cisapride. It has been shown to improve
gastric emptying in the critically ill in some studies.

Conclusion: Because of its side effects, cisapride may not be as safe as the other
two drugs. The merit of using an antibiotic to enhance feeding with the possibility
of bacterial resistance, can be debated. None of these drugs is particularly effective
and increasingly procedures to bypass the stomach with a jejunal feeding tube
are used.

Placement of a jejunal feeding tube

A jejunal tube overcomes many of the problems associated with gastroparesis.
Jejunal motility and absorption is usually spared in even the most seriously ill
patients.

There are many suggested ways of non-invasively placing an oro- and naso-
jejunal tube. If the patient needs a laparotomy for an indication which may be
associated with problems in nasogastric (NG) feeding, one can be inserted either
as a jejunostomy tube or via nasojejunal placement at operation. Otherwise they
can be inserted at the bedside using fluoscopy or endoscopy. Both techniques
require skill and experience. Some tubes can be designed to migrate. A small
injection of radio-opaque dye can confirm the position.

Feeding guidelines
When to start enteral feeding is contentious. The following are some common
sense guidelines:

o There is no benefit in starting enteral feeding before the patient is haemody-
namically stable.

« If the patient is likely to have an oral diet within 3—4 days there is little benefit.

« If the patient was malnourished before this illness and/or is not likely to have a
normal diet for 4 days or more, then enteral feeding should be commenced.

Early enteral nutrition has theoretical merit and may decrease infectious compli-
cations in some critically ill patients.

A common problem is excess aspirate, especially ifa NG tube is used. Remember
the stomach normally excretes approximately 40 ml/h and this must be taken into
account when estimating if there is total or partial gastroparesis. It is also normal
to have some residual aspirate. If the aspirates are more than 200-300 ml, then
reduce rate by 50% for 6 hours and resume, progressively increasing the rate over
24 hours. Monitor gastric residues twice a day.

Diarrhoea

Diarrhoea is common and can be a problem; usually it is partially osmotic and
partially due to malabsorption. Check feeds are not becoming infected. Do not
stop feeding, as the problem will recur when you start again. Bulking agents may
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help. Bloody diarrhoea points to mesenteric ischaemia. Diarrhoea continuing for
more than three days, particularly associated with broad spectrum antibiotics,
should be tested for Clostridium difficile toxin A and B.

Intravenous nutrition

Parenteral nutrition should be considered only for patients who cannot tolerate
food enterally. It is effective in patients with isolated GIT abnormalities, but its
broader place in the seriously ill is far from clear. It is probably no coincidence
that there has been an enormous amount of information published on the subject
of IVN and that it is an expensive product which is aggressively marketed.

During the acute phase of critical illness (as contrasted with isolated GIT
disorders), we still know little about what substrates in IVN are actually used for
metabolism. Nor do we know to what extent the catabolic process is obligatory and
whether or not it is affected by IVN. While IVN can improve some biochemical
indices, we do not know if IVN actually influences outcomes in patients with
serious illness. There is good evidence now that IVN should only be considered
when every attempt at enteral feeding has either failed or is not possible. If some
enteral feeding is possible use IVN as a supplement only.

Clinical guidelines

Some guidelines for IVN are discussed next, but the bottom line messages are far
from clear.

Indications
Intravenous nutrition supplementation may be considered in the following
conditions:

» when enteral feeding is not possible

« abnormalities of the GIT that would limit enteral feeding (e.g. high out-
put fistulae, malabsorption syndrome, inflammatory bowel disease, prolonged
obstruction).

Protein metabolism

The main goal of nitrogen supply is to limit muscle catabolism and supply the
liver with amino acids to synthesise proteins — especially those involved in the
immune system:

Normal protein requirement: 0.4 g - kg=! - day™!.
Recommended in the ICU:  0.7-2.0 g - kg™! - day~'.
(1 g of nitrogen approximately equals 6.25 g of protein or 7.5 g amino acids).
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Use synthetic L-amino acid mixtures:

Essential: non-essential ratio approximately 2:5.
Branched-chain: total amino acid ratio approximately 1:4.

Branched-chain amino acids (leucine, isoleucine, valine) are metabolised mainly
by skeletal muscles. There is no good evidence for their use at high levels in
hypermetabolic states.

Give albumin separately, if needed.

Energy metabolism

Stressed patients (apart from those with burns) are not as hypermetabolic as
was once thought. Energy expenditure in patients with septicaemia is 1.5-1.75
times the normal level. They therefore do not require large amounts of calories.
This is due to the fact that while the basal energy requirements are increased,
the energy actively expended is reduced. Whereas exogenous substrates do not
prevent gluconeogenesis, they may reduce it. The clearing of blood glucose does
not necessarily mean that the glucose has been oxidised or utilised in metabolic
pathways. Using insulin to decrease the blood sugar concentration by moving it
intracellularly does not necessarily guarantee utilisation.

The caloric requirements increase as the metabolic rate of the patient increases
(e.g. patients with burns may require up to 70 kcal . kg~! . day™!), twice the basal
energy rate.

The ideal ratio of calories from fat and carbohydrate is unknown. While IVN
regimes without lipids have decreased the risk of infectious complications, some
fat is required for essential fatty acids. Current recommendations are 5% of the
total calories aslipids. Lipid solutions are approximately five times more expensive
than dextrose solutions.

Hyperglycaemia can be due to stress, administration of steroids or cate-
cholamines, diabetes or sepsis. Glucose is not well tolerated in the seriously ill.
Hyperglycaemia and hepatic steatosis may occur if excessive glucose is adminis-
tered. A non-diabetic patient should not require an insulin infusion to maintain
a normal blood sugar — reduce the glucose infusion rate if necessary.

Electrolytes (see Chapter 4)

Acute illness often leads to deficits in magnesium, phosphate and potassium.
Their concentrations should be measured daily and supplements should be given
as necessary.

Vitamins

The exact vitamin requirements of the seriously ill have not been well docu-
mented. Recommendations are given in the form of theoretical estimates for
each day or, more practically, there is regular administration of a commercial
preparation.
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A preparation of water-soluble vitamins should be given daily. Vitamins A,
D and K should be added intramuscularly if not included otherwise. Adequate
vitamin E will come from 500 ml of Intralipid per week.

Intramuscular injection of 5 mg folic acid/day is necessary for the seriously ill.
This is much higher than the recommended doses for normal patients, because
of rapid cell turnover. Fat-soluble vitamins (except for vitamin K) probably are
not necessary in the short term (less than 2 weeks).

Trace elements

Humans need trace amounts of iron, aluminium, zinc, copper, chromium, se-
lenium, iodine and cobalt. Vanadium, fluoride, iodide, manganese, silicon and
molybdenum probably should also be replaced over the long term (more than 3
months).

Zinc is important in many enzyme systems and is the only trace element that
must be included in IVN in the short term (less than 2 weeks).

High concentrations of aluminium can occur in association with antacid treat-
ment and excessive administration of plasma protein solutions.

Information on trace elements is sparse. Most sources emphasise the impor-
tance of trace elements but stop short of recommending practical guidelines as
to how much of each should be given and when they should be commenced.
One of the difficulties is monitoring and interpreting the concentrations. Some
trace elements occur as contaminations in intravenous (IV) fluid and in blood
products. Over the long term (more than 2 weeks), consideration should be given
to adding trace elements to IVN regimes, especially in the face of abnormal GIT
losses and malnutrition.

Monitoring

Formal assessment of nutritional status (e.g. muscle power, nitrogen balance, an-
thropometric parameters) usually is not required in seriously ill patients, nor are
serum albumin and immune status tests (e.g. anergy) accurate guides to nutri-
tional status. Because indirect calorimetry is expensive and difficult to interpret,
it is not practical for many ICUs.

Basic monitoring of IVN:

Daily:

o fluid balance

« serum electrolytes

e serum urea/creatinine
« arterial blood gases

« blood glucose.
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Twice weekly:

« liver function tests

« calcium, phosphate, magnesium
» complete blood count

o prothrombin time.

Special:

o serum/urine osmolalities

« serum lipids

e serum urate

e serum zinc and copper

e serum B, and folate

e iron studies

» microbiological cultures as necessary.

Recommendations

o There is no evidence that IVN improves mortality or decreases major compli-
cations.

« Keep it simple and cheap.

o Energy requirements are basal rate x 1.25 (surgery) up to 1.75 (sepsis and
trauma).

« This energy requirement should be composed of 1.5-2.0 g protein kg ™! day~!,
minimal fat (500 ml of 20% Intralipid 1-2 times week™!) and the remaining
calories from glucose.

o There are many commercial preparations available, as components, premixed
in one bag and also solutions that do not require a central line. Each unit should
use the mix that is the safest and most cost-effective in their hands.

Nutrition should support metabolic pathways without forcing them in abnor-
mal and possibly detrimental directions.

Intravenous nutrition should not be commenced until the patient is fully re-
suscitated. It works best when patients are metabolically normal. However, that
is rarely the case in the seriously ill and thus the guidelines are empirical.

Aminoacid and dextrose solutions are hypertonic and should be delivered
through a central line. Most lipid solutions are isotonic.

The most important practical limitation to IVN concerns fluid. Seriously ill
patients often have neuroendocrine systems adapted to retain salt and water, or
they may have renal insufficiency, which may limit water excretion. Both can
predispose to water retention.

Pulmonary and peripheral oedema will accompany water retention, especially
in combination with excessive fluid administration. Seriously ill patients with
normal renal function often cannot tolerate more than 1000 ml of water/day (see
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Table 5.2. Potential complications of IVN

Complications associated with central line insertion (e.g. thrombosis, infection,
pneumothorax, haemorrhage)

Hyperlipidaemia and hypertriglyceridaemia

Electrolyte disturbances

Hyperosmolality

Hyperglycaemia

Acid base disturbances

Vitamin and trace element deficiencies

Hypercarbia

Fatty liver

Chapter 4). Haemofiltration, with or without dialysis, can make more ‘space’ for
fluid. It may be useful in conjunction with IVN.

Individual ICUs should establish their own protocols for IVN delivery as well
as for insertion of central venous lines, catheter dressing and care and routine
monitoring of the biochemistry. Until we know more, the guidelines for IVN
use will remain largely empirical. Potential complications of IVN are listed in
Table 5.2.

Nutrition for specific organ failure

Acute renal failure
Acute renal failure is associated with hypermetabolism — a measured energy ex-
penditure of 20-50% above normal. Provisions for adequate nutrition are ham-
pered by volume restrictions, electrolyte problems and rising concentrations of
blood urea. Special IVN solutions and manipulations of feeding regimes (e.g.
increasing the calorie-to-nitrogen ratio) can limit the increase in blood urea.
Early dialysis or filtration will solve the electrolyte, urea and volume overload
problems. Aminoacids, glucose and vitamins are all removed by dialysis.

Hepatic failure

There is a lot of confusion in this area, mainly concerning support for patients
with acute and chronic liver failure. As a bottom line, whereas administration of
branched-chain amino acids will increase the number of people who will awaken
from hepatic encephalopathy, they can confer no morbidity/mortality advantage
over balanced, standard amino acid solutions. Fat solutions probably should be
restricted to 125-250 ml of 20% emulsion/day. Hypertonic glucose should supply
the bulk of the calories.

Preoperative nutrition
The advantages of increasing the preoperative nutrition outweigh the disadvan-
tages (e.g. catheter-related sepsis) only for a very small population of severely
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TROUBLESHOOTING

Failure of enteral feeding

Aspirated secretions

The stomach produces gastric secretions at a rate of 40 ml/h.

Feeding has failed when the aspirate is greater than 100 ml/h or is greater than double
the amount of feed put into the stomach.

If the amounts of aspirated secretions are high, do not cease feeding, simply reduce to
10-20 ml/h. Enteral feed acts as gastric protection.

Metoclopramide, cisapride or erythromycin may help overcome gastroparesis.

High doses of narcotics may slow GIT activity. As an alternative, consider epidural
analgesia for pain relief.

Detection of bowel sounds is not necessary before feeding starts or for effective feeding.

Bypass the stomach: nasojejunal tubes can be used for early feeding. If the
patient requires a laparotomy, consider a feeding jejunostomy at the same time.

Vomiting
Stop feeding and check for the reason (e.g. bowel obstruction, gastric dilation, drug
effects).

Diarrhoea

Halve the rate, do not stop. If feeding is stopped, diarrhoea will only recur when
feeding is started again.

Check for Clostridium difficile toxin.

Fibre, bulking agents, codeine or Lomotil may help.

malnourished patients, who are having operations that routinely have a high
complication rate.
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Acid-base balance

* Arterial blood gases reflect oxygenation (PaO,) ventilation (PaCO,) and
acid-base status (pH).

* In general, the pH value reflects the primary disorder, not the compensation.

» Specific therapy is rarely required — correct the underlying disorder.

The body attempts to keep its hydrogen ion concentration tightly controlled
as acid—base disturbances affect the basic molecules of metabolism — enzymes.
Severe alkalosis is as harmful as severe acidosis. Acid—base homeostasis depends
on chemical reactions involving buffers, in combination with intact renal and
respiratory function. There is no neural or endocrine control. In order to diag-
nose any acid—base disorder, the hydrogen ion concentration or pH value, PaCO,
and bicarbonate concentration must be determined. The relationship between
pH and hydrogen ion concentration is logarithmic not linear (Table 6.1). It is also
important to remember, when interpreting acid—base disorders that an immedi-
ate reaction with body bulffers is followed by a rapid compensatory respiratory
response and/or slow renal adaption.

Although in the following guidelines we consider metabolic and respiratory
disorders separately, severely ll patients often have combined disturbances, whose
interpretations can be complicated by the presence of artificial ventilation and
drugs. It is vital to consider the underlying cause of the disorder before actively
treating the acidosis or alkalosis.

Table 6.2 provides guidelines to blood gas analysis.

Body pH regulation

Buffers

Although many reactions in the body can influence hydrogen ion concentration,
the pH value remains remarkably stable. This is achieved initially by the body’s
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Table 6.1. Variation of [H™] with pH

pH units Hydrogen ion concentration (nmol/L)
3.0 1 000 000

6.0 1000

7.0 100

7.1 80

7.4 40

7.7 20

8.0 10

9.0 1

Table 6.2. Interpretation of arterial blood gas findings

1 Look at PaO,. Rapidly correct it if it is abnormal.

2 Look at the pH value:
Acidosis  H* > 44 nmol/L, pH < 7.35
Alkalosis  H' < 35 nmol/L, pH > 7.45

3 Is the acidosis respiratory or metabolic?
Respiratory: PaCO, > 45 mmHg (> 6 kPa)
Metabolic: HCO; < 22 mmol/L

4 Ts the alkalosis respiratory or metabolic?
Respiratory: PaCO, < 35 mm Hg (< 4.7 kPa)
Metabolic: HCO; > 26 mmol/L

5 Is there any compensation? The compensation is the
opposite of the original disorder (e.g. the compensation for
metabolic acidosis is respiratory alkalosis).

natural buffers and then by renal and respiratory adjustments of bicarbonate and
PaCO, (Figure6.1). Buffers are present in both extracellular fluid and intracellular
fluid. Buffers minimise the change in hydrogen ion concentration when a strong
base or acid is added. Their effectiveness will depend on the buffer concentration,
pKa (the pH of a system when the acid and its anion are in equal concentrations),
and whether or not the buffers can be influenced by renal and respiratory function
(Figure 6.1).

Bicarbonate - carbonic acid (HCO3/H,C0s)

The carbonic acid bicarbonate (H,CO3/HCO3) buffer system plays a central role
in acid-base balance because of its prevalence and its relation to physiological
regulatory mechanisms. Although the pKa value of 6.1 of this buffering system is
well outside the body’s normal pH value, it is a very effective buffer as it is ‘open
ended’, the equation can go in both directions, with the kidney influencing one
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Renal

Respiratory
system Buffer system

system

Figure 6.1. The body’s ability to regulate acid—base balance depends on the lungs,
kidneys, and chemical buffers.

end and the lungs the other.
[H*] + [HCO3 ] > [H,CO;3] < [H,0] + [CO;]

Renal mechanisms regulate the bicarbonate concentration and respiratory mech-
anisms adjust the PaCO,. It thus becomes the most important of the body’s
buffering systems — all other systems adjust according to this pair.

Other buffers
Haemoglobin: Haemoglobin handles carbonic acid by utilising the imida-
zole group of histidine. By virtue of the large numbers of imidazole groups,
haemoglobin provides a large buffering capacity.

Protein: Both extracellular and intracellular proteins are efficient buffering
systems.

Phosphate: Phosphate has an effective pKa of 6.8 and is an important source
of intracellular buffering.
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Renal response

Compared with the respiratory contribution to acid-base balance, the renal re-
sponse to pH disturbances is slow and works through bicarbonate rather than
carbonic acid. The kidney can adjust to excreting large acid loads (up to 600-700
mmol of H*/day). Mechanisms include excretion of titratable acid, excretion of
ammonia, secretion of hydrogen ion and excretion and reabsorption of filtered
bicarbonate.

Respiratory response

Normal carbon dioxide (CO,) production is about 13 000 mmol/day. The venti-
latory response to changing hydrogen ion levels is rapid and precise.

Acidosis

Respiratory acidosis

Respiratory acidosis is initiated by an increase in PaCO,. The immediate conse-
quence is an increase in plasma acidity. There is an initial small increase in plasma
bicarbonate concentration and if the hypercapnia becomes more chronic, renal
absorption of bicarbonate results in a further increase in plasma bicarbonate
concentration.

Clinical manifestations

Acute hypercapnia induces peripheral and cerebral vasodilatation, stimulates the
sympathetic nervous system and increases cardiac output. Cerebral dysfunction
occurs as hypercapnia becomes more severe.

Causes
Inadequate CO, removal: (see also hypoventilation, and acute respiratory
failure).

 Obstructed airway.

» Lung abnormalities (e.g. chronic airway disease).

« Central or neuromuscular abnormalities (e.g. drug-induced hypoventilation,
Guillain—Barré syndrome, exhaustion as a result of acute respiratory failure).

o Mechanical failure — related to inefficient action of the muscles of respiration
(e.g. kyphoscoliosis, obesity, pain, flail chest, pneumothorax).

 An increase in dead space, relative to tidal volume.

Excess CO, production: e.g. hypermetabolism secondary to fever, excessive par-
enteral glucose or rapid injection of sodium bicarbonate, which forms CO,.
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Treatment

1 Correct any underlying cause (e.g. obstructed airway or excessive opiates).
2 Artificially ventilate (especially patients with hypoventilation and acute hyper-
carbia).

Exceptions: Many patients who have acute respiratory failure and who are be-
ing artificially ventilated are deliberately under-ventilated with low tidal volumes
to limit peak inspiratory pressures. This technique is called elective hypoven-
tilation or permissive hypercarbia. High inspiratory volumes and pressures
can cause complications such as cardiovascular impairment and pulmonary
barotrauma.

Artificially ventilated patients with chronic lung disease and hypercarbia who
have acute exacerbations of their disease should be ventilated only to correct the
PaCO; to their ‘normal’ levels. Values lower than that can alter the pH of the
cerebrospinal fluid (CSF) and make it difficult to wean the patient.

Metabolic acidosis

Metabolic acidosis is initiated by a reduction in plasma bicarbonate concentration
which then causes an increase in plasma acidity. That is followed by compensatory
hyperventilation and a reduction in PaCO,.

Clinical manifestations

« Respiratory system: compensatory hyperventilation or Kussmaul respiration.

« Cardiovascular system: possible myocardial depression, arterial vasodilatation
and direct venoconstriction.

o Oxygen transport: rightward shift in oxyhaemoglobin dissociation curve
making dissociation easier.

Causes

Excessive hydrogen ion production or administration (e.g. lactic acidosis,
ketoacidosis, salicylic acid, lysine, ammonium chloride).

Loss of bicarbonate (e.g. small bowel loss [especially pancreatic fistulae],
diarrhoea, renal tubular acidosis, carbonic anhydrase inhibition).

Failure to excrete hydrogen ion (e.g. sulphate and phosphate acids associated with
renal failure and renal tubular acidosis).

Metabolic acidosis is split into two categories depending on the anion gap
(Table 6.3). The main positively charged ions (sodium and potassium) and the
negatively charged ions (bicarbonate and chloride) usually have a gap of less than
18 mmol/L, made up mainly of protein. In a high anion gap metabolic acidosis,
unmeasured anions (e.g. lactate in septic shock) increase the gap.
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Table 6.3. Anion gap

—

Calculate: (Na™ + K*) — (CI~ + HCO5™)
2 High anion gap metabolic acidosis (>18 mmol/L)
Sepsis entails the presence of lactate
Renal failure involves phosphate and sulphate
Diabetic ketoacidosis involves acetoacetate and 3-hydroxybutyrate
Presence of methanol, ethanol, ethylene glycol involves formate, lactate, oxalate
3 Normal anion gap metabolic acidosis < 18 mmol/L
Renal tubular acidosis entails loss of HCOj; in urine
Gastrointestinal losses cause loss of HCO; from the gut

Normal anion gap metabolic acidosis occurs when bicarbonate is lost from
the body or used in buffering and is replaced by chloride. For example, in severe
diarrhoea or after resuscitation with fluids containing a high concentration of
chloride, such as normal saline (chloride concentration of 150 mmol/L).

Treatment

The most common cause of acidosis in the ICU is lactic acidosis resulting from in-
adequate perfusion and oxygenation. Although acidosis causes negative inotropic
effects in vitro, it is not necessary to correct the arterial pH to ‘normal’ in the
clinical setting, as even with severe acidosis the effect on myocardial contractility
may not be as depressant as once thought. A pH of 7.20 (H* 63.1 nmol/L) is well
tolerated.

« Correct reversible causes such as diabetic ketoacidosis (see Chapter 29).

* Restore adequate circulation and oxygenation.

o Alkali: Usually the foregoing measures are sufficient and bicarbonate is not
necessary. Treatment of the acidosis per se is not as important as treatment
of the cause of the acidosis. The bicarbonate may ‘buy time’ while waiting for
definitive treatment.

« Dialysis may be required for intractable acidosis or where renal failure is antic-
ipated.

Complications of bicarbonate therapy: Bicarbonate is sometimes given to seri-
ously ill patients, especially during cardiopulmonary resuscitation (CPR). It may
result in a rebound alkalosis and hypernatraemia. During CPR, give bicarbonate
only for severe acute acidosis (e.g. at least a pH of < 7.0): start with 1 mmol/kg,
wait 20 minutes, repeat arterial blood gas determinations and give another
1 mmol/kg if needed. Correcting the metabolic acidosis using formulae based
on base deficits and weight is inaccurate and causes overcorrection. If bicarbon-
ate is necessary, it should be given as a slow infusion, rather than as a bolus. This
allows adequate time for elimination of the CO, generated from the reaction
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between the hydrogen ion and bicarbonate. Overcorrection with sodium bicar-
bonate can result in:

« sodium and osmolar loading

« reduced availability of calcium

« reduced oxygen availability, by shifting the oxyhaemoglobin curve to the left
o a paradoxical decrease in intracellular pH.

Bicarbonate may be used in intensive care in severe hyperkalaemia and to alka-
linise the urine in rhabdomyolysis.

Alkalosis

Respiratory alkalosis

Respiratory alkalosis is a result of a reduction in PaCO, that alkalinises the body
fluids. With changes in renal absorption of bicarbonate, the degree of alkalinisa-
tion is gradually modified.

Causes

Hypocarbia and alkalosis are commonly associated with the early stages of acute

respiratory failure (see Chapter 16), liver failure and central nervous system dis-

orders. They may be present before any other sign of organ dysfunction. However,

another common cause in the ICU is inadvertent or deliberate hyperventilation.
Hypocarbia can also occur with hypometabolism and decreased CO, produc-

tion, such as after barbiturate overdose, brain death or hypothermia.

Clinical manifestations

As with respiratory acidosis, central nervous system dysfunction is the most
prominent clinical feature of respiratory alkalosis. Acute hypocapnia decreases
cerebral blood flow, causing light-headedness, confusion and even seizures.

Treatment
« Correct any underlying cause.
e Decrease the minute volume of the ventilator.

Metabolic alkalosis

Metabolic alkalosis is initiated by an increase in plasma bicarbonate or a loss of
hydrogen ions. This gives rise to a compensatory decrease in alveolar ventilation.
Alkalosis will disturb enzyme activities and body function to the same extent as
acidosis.
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Clinical manifestations
Central nervous system manifestations include lethargy, confusion, muscle
twitching and seizures. Hypokalaemia occurs as potassium shifts into cells.

Causes
Loss of acids:

« From the gastrointestinal tract: nasogastric suctioning and vomiting, diarrhoea,
villous adenoma.

o From the kidney: diuretics, hypermineralocorticoid states such as occur
with corticosteroid use or hyperaldosteronism, Conn’s syndrome, Cushing’s
syndrome.

Gain in alkali:

« Antacid treatment, milk alkali syndrome, excessive bicarbonate administration,
metabolism of organic anions (lactate, citrate, acetate).
» Compensation for respiratory acidosis.

Treatment

Metabolic alkaloses are split into those that are chloride responsive — loss of
chloride from the GIT or hydrogen ions from the kidney secondary to diuretics —
and those that are chloride resistant: Conn’s and Cushing’s syndrome.

» Correct any reversible cause.

« Correct factors which maintain the alkalosis:
decreased extracellular fluid volume
hypokalaemia, hypomagnesaemia, hypochloraemia
mineralocorticoids
stress.

» Drugs
Only rarely do drugs need to be given.
Give acetazolamide, 500 mg IV once or twice daily.

If still alkalotic, give diluted HCI (0.1 mol) at a rate of 0.2 mmol [H*]/kg/h
through a central venous line until pH returns toward normal (only in cases of
severe resistant alkalosis).

Avoid ammonium chloride and arginine monohydrochloride infusions, as they
both require hepatic conversion and good renal function for full activity and are
more difficult to titrate against pH.

Mixed disorders

Many acid—base disturbances in the ICU are mixed (e.g. a patient with chronic
lung disease who retains CO, (a respiratory acidosis), has a myocardial infarction
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and develops shock and a metabolic acidosis). Useful points for interpretation
are included in the troubleshooting section.

It must be remembered that there can be variations from these predictions and
that predicted changes do not necessarily exclude mixed or complex disorders (e.g.
acute hypocapnia superimposed on chronic respiratory acidosis could mimic the
findings of uncomplicated metabolic alkalosis). Careful analysis of the history,
clinical findings and response to treatment will usually allow one to sort out these
dilemmas.

TROUBLESHOOTING

Arterial blood gas tricks

Arterial or venous?
There is no infallible rule for quickly telling if the sample is arterial or venous. Assume
that it is arterial and check against the oximetry findings.

Primary disorder or compensation?
In general, the pH reflects the primary disorder, not the compensation.

Metabolic acidosis

Check the anion gap.

The two figures in the fractional part of the pH value should equal the PaCO, if the
disorder is fully compensated (pH range 7.10-7.30): if pH is 7.25, PaCO, should be
25 mmHg).

Respiratory acidosis

For every 10 mmHg change in the PaCO, the pH will change by 0.08 units.

Acute: The HCOj; concentration will increase 1 mmol/L for each increase in PaCO, of
10 mmHg (1.3 kPa).

Chronic: The HCO3 concentration will increase 4 mmol/L for each increase in PaCO,
of 10 mmHg (1.3 kPa).

Metabolic alkalosis
PaCO, will increase 7 mmHg (1.0 kPa) for each increase in HCO; concentration of
10 mmol/L.

Respiratory alkalosis
The HCOj; concentration will decrease 2 mmol/L for each decrease in PaCO, of
10 mmHg (1.3 kPa).

Results
Results may not be accurate below a temperature of 35 °C.
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Sedation, analgesia and muscle relaxants

* Make sure that sedation is for the good of the patient and not for the benefit
of the staff.

» Optimal pain relief is every patient’s right in intensive care.

* Muscle relaxation is rarely required in the critically ill.

Assessing the need for sedation

The word ‘sedation’” and ‘sedatives’ are used here in the broadest sense (i.e. in
the sense of producing a sleep-like state). Drugs such as opiates obviously have
other properties such as pain relief (Table 7.1). Drugs should never be used
as substitutes for sympathetic explanation and reassurance. This is particularly
important when patients are emerging from coma — pathological or drug in-
duced. It is often tempting to sedate these patients in order to make the pa-
tients look ‘tidy’ and to facilitate management for the staff. Explanation and
reassurance will often make sedation unnecessary. Nor should sedation be used
when the cause of agitation or confusion is unknown. Withdrawal from alco-
hol or drugs, hypoxia, electrolyte disorders and many other abnormalities can
cause confusion and agitation. These must be excluded before one resorts to
sedation.

Patients should be allowed to sleep whenever possible. Sleep is important for
optimum physiological functioning and immune competence. Drugs do not nec-
essarily ensure that a patient will get adequate sleep. Sleep deprivation is to be
avoided, even if it means a less rigorous approach to routine tests, monitoring
and therapy.

When a patient’s pain is not amenable to regional or epidural analgesia, liberal
pharmacological pain relief should be provided. Patients should not suffer pain in
an ICU. Opiates used in the right dosages do not necessarily inhibit spontaneous
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Table 7.1. Sedation in intensive care

1 Assess need
Sedation should not be a substitute for explanation and reassurance by medical and
nursing staff
Adjust ventilatory strategies to encourage spontaneous breathing, instead of sedating
and paralysing patients to make them conform with the ventilator
2 Pain relief and sedation
Local analgesia: If possible, use an epidural or regional local anaesthetic technique for
pain relief
Opiate: Use either intermittent doses or continuous IV infusion (e.g. morphine
infusion at 2-20 mg/h for pain relief as well as sedation)
Benzodiazepines: Either add intermittent prn IV doses of benzodiazepine if anxiolysis
is inadequate (e.g. midazolam 1-2.5 mg) or a benzodiazepine infusion (midazolam
50 mg in 50 ml) titrated to a sedation score
3 Measure the effect
Decide on the level of analgesia and sedation required, measure the levels frequently
and titrate the drugs to achieve that level

respiration. Conscious and co-operative patients can use patient-controlled anal-
gesia very successfully.

Sedation should not be used to facilitate positive-pressure ventilation in cases
where patients could otherwise breathe spontaneously, facilitated by techniques
such as continuous positive airway pressure (CPAP) or intermittent mandatory
ventilation (IMV) (see Chapter 18).

The pharmacokinetics of drugs used in the ICU can be unpredictable be-
cause of factors such as depressed hepatic and renal function, as well as in-
creased volume of drug distribution. Analgesia and sedative drugs should not be
mixed in the same syringe; each patient has different needs for pain relief and
sedation.

Assessing the level of analgesia and sedation

The level of analgesia and sedation should be set for each patient and the effects
of the analgesic and sedative drugs should be evaluated often using a rating scale.
The goal is good analgesia and the lightest level of sedation compatible with
patient safety and comfort. A linear analogue scale from 1-10 is an effective way
of assessing pain and a sedation score such as the Ramsay score distinguishes
between coma and a dangerous level of agitation (Table 7.2).

In patients who are receiving neuromuscular blocking drugs it can be difficult
to assess their level of sedation. A monitor called the Bispectral index (BIS)
records a 4-channel EEG, uses complicated statistics and previous analyses of
EEG patterns from people at all levels of sedation to produce a number from
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Table 7.2. Sedation score

1 Agitated or restless or both

2 Co-operative, orientated, calm
3 Obeys commands

4 Rouses quickly to a loud voice
5 Rouses slowly to a loud voice
6 No response

1 to 100. A fully awake patient scores 100 and 40 correlates with deep sedation. Its
role in ICU is uncertain and there is doubt about what physiological phenomena
it is measuring!

Features of the main sedative groups

Opiates

« Pain relief, euphoria and drowsiness.

o Predictable cardiovascular and respiratory depression.

« The longer the half-life, the cheaper the drug.

» Dependence, despite high dosages, is rare.

« Tolerance and increased plasma clearance can gradually occur.

» May contribute to the ileus and psuedo-obstruction commonly seen in seriously
ill patients.

e Variable actions are usually affected by both renal and hepatic function.

« No clinical evidence of immune depression.

« No direct effect on intracranial pressure (ICP).

Benzodiazepines

 Provide sedation, anxiolysis and amnesia and contribute to muscle relaxa-
tion.

e Variable responses.

 Unpredictable cardiovascular and respiratory depression, especially with bolus
doses.

« Variable length of action (e.g. very prolonged action of diazepam). This may or
may not be a disadvantage in the ICU.

o Well-documented incidence of withdrawal-symptoms, such as seizures after
long-term use (more than 1 week) of short-acting drugs such as midazolam.

o Thrombophlebitis in small veins with diazepam.
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Ketamine

o Minimum cardiovascular and respiratory effects.

« Analgesia as well as sedation.

« Incidence of unpleasant dreams and psychological disturbances.
* Increases ICP.

Propofol

« Short acting, rapidly metabolised intravenous (IV) anaesthetic agent which is
in the form of an emulsion.

» Expensive.

 No analgesia.

 Rapid metabolism and lack of accumulation may make it suitable for use as a
continuous infusion in the ICU, especially as an adjunct in the management
of coma. It is sometimes used to cover the period of agitation as longer-acting
agents gradually wear off.

« Causes hypotension.

Requires special handling as the fat emulsion becomes contaminated

easily.

» Despite earlier reservations about the long-term use of this drug in adult in-
tensive care, there have been few adverse reports apart for hypotension, hyper-
lipidaemia and possible pancreatitis.

Choice of drug

Assess whether the proposed sedation is for the benefit of the patient or the
staff. It can be tempting to use excessive sedation in order to maintain and con-
trol artificial ventilation, instead of weaning the patient to CPAP as soon as
possible.

When sedation is necessary, opiates and benzodiazepines remain the main-
stay of sedation in intensive care.

Theideallevel of analgesia and sedation should be determined for the patient
and assessed using sedation and analgesia scales.

Pain relief

Where possible, use epidural or regional local anaesthetic blocks, since they permit
greater patient co-operation and facilitate spontaneous breathing. If this is not
possible, titrate an IV narcotic infusion against pain. Patient-controlled analgesia
is possible in some patients.
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Anxiolysis

Ifa patient needs more sedation, or if it is believed that anxiolysis or amnesia is also
necessary, benzodiazepines can be used in addition to, or instead of, narcotics.

Liver and renal dysfunctions

Drugmetabolism is compromised in the presence of renal or hepatic failure. Drugs
such as morphine, which have traditionally been thought to be metabolised by
the liver, have significantly prolonged actions in the presence of renal failure.
In a patient with acute liver failure, sedation often is not needed because of the
accompanying encephalopathy. These patients often have cerebral oedema and
elevated ICPs; sedative drugs that cause increases in ICP should therefore be
avoided.

Immune depression

As the risk of immune depression is possible with anaesthetic induction agents,
their use should be confined to cases of severe increases in ICP that are refrac-
tory to conventional treatment, status epilepticus unresponsive to conventional
treatment and short-term procedures requiring anaesthesia in the ICU.

Tolerance

Because of enzyme induction, sedation invariably will have to be increased over
time. At the end of a number of weeks the drug requirement, especially when
narcotics are being used, can be extremely high.

Choice of narcotics

All of the opiates have effective pain relieving and sedative properties. Each ICU
will have its favourite opiate. If the differences among them are marginal, cost
should be considered. Pethidine and morphine cost approximately the same;
fentanyl and phenoperidine are at least eight times more expensive. Pethidine
probably should be avoided in the ICU as its metabolite, norpethidine can ac-
cumulate and, at high dosages, can cause epileptiform activity, irritability and
hallucinations.

Choice of benzodiazepines

Although diazepam has been used extensively in ICUs for many years, it can have
a very prolonged action, especially in the presence of hepatic and renal dysfunc-
tions. The metabolites of diazepam are also pharmacologically active. Lorazepam,
oxazepam and temazepam are intermediate-acting benzodiazepines, while mida-
zolam is a short-acting benzodiazepine. These may be used for short procedures
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or as sedative infusions. However, seriously ill patients do not metabolise drugs
in the same way as normal patients and so-called short-acting benzodiazepines
also accumulate over the long-term. Whereas long-acting benzodiazepines may
not be suitable for a short anaesthetic procedure, they may be satisfactory for use
in long-term seriously ill patients. Moreover, the long-acting benzodiazepines
usually are less expensive than the short-acting varieties.

Mode of delivery

Sedatives should be given intravenously in the ICU — they will be more reliably
absorbed. The drugs can be given either as required or via a continuous IV
infusion.

Continuous IV infusions

Infusions are an easy, effective and flexible technique for drug delivery. They
should be titrated against an end-point — pain relief and anxiolysis. Infusions
result in less total drug being used. Aggressive marketing has popularised the use
of volumetric infusion pumps for continuous I'V infusions. The simple motorised
infusion syringe pump may have more advantages: it is cheaper and does not
require dedicated and expensive giving sets; it is easy to operate and can use
high concentrations of drugs in standard syringes; it is small and can be more
easily placed in the overcrowded area around a patient’s bed. The high degree
of accuracy claimed by the manufacturers of volumetric infusion pumps is not
necessarily an advantage when titrating against physiological end-points such as
pain relief or anxiolysis.

Patient-controlled analgesia

Patient-controlled analgesia gives effective pain relief with less drug use and in-
creased patient satisfaction. Patients must be awake and co-operative to use this
technique. Take into account their analgesia requirements, renal and hepatic
function before deciding on the settings. A baseline infusion rate may not be
required.

Oral analgesia

Oral analgesics are effective adjuncts and opiate sparing. Simple analgesics such
as paracetamol have few side effects.

Non-steroidal anti-inflammatory drugs are effective for pleuritic pain and frac-
tures. Use with caution in patients with a past history of gastrointestinal bleeding
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and not atall in patients with current gastrointestinal bleeding, renal compromise
or coagulopathy.

Tramadol is a centrally acting synthetic analgesic with opioid-like effects. Use
with caution in the elderly and those with renal impairment. Dose 50-100 mg IV
or orally 4-6 hourly. Side effects include nausea and dizziness.

Complications of sedation

Airway obstruction and loss of cough reflex

All sedatives will cause a decrease in a patient’s level of consciousness, with de-
pressed upper airway reflexes and possible airway obstruction. This is not a prob-
lem when a patient has an artificial airway. If there is any doubt about the patency
of the airway, sedation should be avoided until it is secured.

Respiratory depression

Opiates, particularly, cause respiratory depression. Because of the high numbers
of trained staff in ICUs and the predictable nature of respiratory depression,
this does not present the same problem that it might on a general ward with
fewer nursing staff. Opiates should be titrated against pain relief and respiratory
depression.

Cardiovascular depression

Like respiratory depression, this well-documented side effect of many sedative
drugs is not necessarily a contraindication to their use in the ICU. Hypotension
usually is related to vasodilatation, rather than cardiac depression; it is dosage
dependent and predictable and is easily reversed with a fluid infusion. Even in
the presence of severe multiorgan failure and hypotension, drugs such as benzo-
diazepines and opiates can be used to sedate patients as long as the intravascular
volume is optimal.

Immune depression

Anaesthetic induction agents used as continuous sedation in intensive care have
been associated with profound immune depression especially barbiturates and
etomidate. We are awaiting a definitive answer for propofol. Other sedatives
such as narcotics and benzodiazepines have not been associated with immune
depression in the clinical setting.
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Allergic reactions

Even mild allergic reactions are quite rare with commonly used sedative drugs.

Addiction and dependence

Whereas narcotics often are grudgingly dispensed in meagre doses on general
wards for fear of dependence, they are often used in ‘industrial’ doses for long
periods in the ICU. Despite this, addiction or psychological dependence is rare.
Physical withdrawal symptoms are only rarely seen when narcotics and benzo-
diazepines are used in large amounts over long periods. Such symptoms can be
modified by gradually reducing the dosage.

Similarly, physical and psychological withdrawal symptoms have not been re-
ported often for the other commonly used sedatives. It is possible that there are
degrees of withdrawal reactions for many sedative drugs that have been disguised
by the concurrent illness and gradual drug withdrawal. Pre-existing psychosocial
circumstances and an active decision to take the drug may be more important in
the development of drug dependence.

Long-term use of short-acting benzodiazepines (e.g. midazolam for 2—3 weeks)
can provoke epileptic seizures on their withdrawal. Patients thought to be at risk
should be changed to long-acting benzodiazepines (e.g. diazepam for 3—4 days)
prior to stopping benzodiazepines altogether.

Changes in intracranial pressure

Simply sedating a patient (preventing movement, especially coughing and strain-
ing) will decrease the ICP. There are also some sedatives that can independently
reduce the ICP. These are mainly IV anaesthetic induction agents such as thiopen-
tone and propofol. Ketamine will increase the ICP and should be avoided in the
presence of intracranial abnormalities that are likely to increase the ICP.

Phlebitis

Many of the commonly used sedatives, apart from opiates, cause phlebitis; this is
usually overcome by delivering the drug through a central venous catheter.

Muscle relaxants

Muscle relaxants are most commonly used in an ICU to facilitate ventilation.
Sometimes this is necessary as in patients with severe hypoxia or high ICP. How-
ever, most patients when given judicious analgesia with or without sedation and
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with appropriate ventilatory support (pressure-support ventilation) will not re-
quire muscle relaxation for ventilation.

Muscle relaxants also prevent assessment of neurological status and detection
of epilepsy and they can preclude spontaneous breathing in the event of a discon-
nection from ventilatory support. Muscle relaxants should never be used without
adequate sedation.

Muscle relaxants have also been implicated in the aetiology of polyneuropathy
in the critically ill.

Mode of delivery and monitoring

Muscle relaxants can be given as a continuous infusion or in intermittent doses.
Excessive amounts should be avoided, as unpredictable rates of drug metabolism
and excretion can lead to prolonged paralysis. Neuromuscular blockade can be
monitored clinically using end-points such as patient movement, respiratory
effort or coughing. Prolonged neuromuscular blockade should be monitored
by measuring the muscle responses to peripheral nerve stimulation, e.g. train of
four. This may avoid prolonged weakness after the use of neuromuscular blocking
agents.

Choice of drug

» Pancuronium is relatively inexpensive and has little effect on cardiovascular
stability, but it can potentiate tachyarrhythmias. The dose is usually 0.1 mg/kg
as an intubating dose and 2 mg IV as a bolus dose to maintain relaxation.
Vecuronium (0.08-0.1 mg/kg as an intubating dose, 75-100 p.g/kg per h for in-
fusion) has a short half-life. Ithas no cardiovascular side effects and is eliminated
by both renal excretion (10-20%) and hepatic metabolism. Accumulation of
3-desacetylvecuronium may be responsible for decreased infusion rates needed
with long-term vecuronium use, especially in the elderly.
» Rocuronium: An analogue of vecuronium. Its real advantage is as a rapidly
acting non-depolarising neuromuscular blocker which at a dose of 0.6 mg/kg
has ideal intubating conditions in 60 seconds. It is cardiovascularly stable and
has no cumulative effect on infusion. The infusion rate is 0.15 mg/kg.
Atracurium (0.5 mg/kg IV as an intubating dose) is expensive, but it has the
advantage of not being dependent on renal or hepatic function for degradation
and has a relatively short action. However, atracurium may not be suitable for
long-term use in the ICU, as laudanosine (a metabolite of atracurium) may
accumulate, causing seizures at high concentrations.
e Cis-Atracurium: A stereoisomer of atracurium. The intubating dose is
0.15 mg/kg. Further doses to be given at 0.03 mg/kg.
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Other forms of pain relief

Regional or epidural analgesia using local anaesthetics

Regional and epidural analgesia is eminently suitable for seriously ill patients.
The local anaesthetic agents and opiates used are relatively safe and provide ex-
cellent pain relief. The techniques are specialised and, like all other procedures,
are best performed by experienced operators. Both regional and epidural anal-
gesia can be provided by continuous infusion techniques or by intermittent bo-
luses with long-acting agents. They should be considered for pain in association
with:

« flail chest

« fractured ribs

« postoperative states, especially following laparotomy and thoracotomy
« pelvic and limb injuries.

Complete thoracic and abdominal pain relief will aid deep breathing, coughing
ability and physiotherapy and may improve oxygenation and obviate artificial
ventilation.

Epidural analgesia

Exclude any patient with an unstable cardiovascular system, incomplete resuscita-
tion, spinal trauma, overlying skin infection, coagulopathies, previous laminec-
tomy or head injury, as well as any patient who is unconscious, unwilling or
unco-operative. If the patient is on heparin, low molecular weight heparin or an
antiplatelet agent then these will need to be stopped prior to performing the local
block and stopped again prior to the epidural being removed. Recommendations
differ if the anticoagulant is for prophylaxis of venous thrombosis or therapeutic.
Following removal of the epidural, neurological evaluation should be carried out
for at least 24 hours. The quicker an epidural haematoma is found and treated
the less likely there is to be neurological sequelae.

The epidural should provide analgesia to the painful area, but no higher than
T4. The level of the block should be assessed 4 hourly and after any bolus doses
or change in infusion rate. This is best done with temperature rather than pain!

The level of insertion should be at the lower limit of the site that needs block-
ing. Lumbar epidurals with large volumes of dilute local anaesthetic are rarely
successful if a high thoracic block is needed. Ensure the patient is normovolaemic
and fluid loaded before using local anaesthetic agents, as sympathetic blockade
may unmask hypovolaemia.

Techniques: Many different protocols are used, and each unit should develop
its own. The following are several established techniques that can be adapted;
the variations have to do with such issues as continuous or intermittent, with or
without narcotics, long-acting or short-acting agents.
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TROUBLESHOOTING

The confused patient in the ICU: Approach

Rapidly exclude reversible factors:

* hypoxia

* hypercarbia

* hypotension

* hypertension

e rarer causes (electrolyte disturbances, hypoglycaemia, renal or liver failure, vitamin
and co-factor deficiencies, generalised sepsis and intracranial abnormalities).

History
Elicit past history of disease and drugs, particularly alcohol and sedative dependence.

Relieve pain

Reassure

Encourage visitors and staff to talk to the patient, explaining the underlying disease
and orientating the patient as to time and place.

Sleep
Encourage sleep, with as little disturbance as possible to the patients while they are
sleeping.

Secure lines
Secure lines and tubes to minimise patient interference.

Restraint
Bed rails, finger tapes and even manacles may be sometimes necessary.

Sedation
Additional sedation may be necessary when reasonable causes have been excluded
and other measures have failed.

Psychiatric consultation
Psychiatric consultation may help in some cases when patients become more
co-operative.

Local anaesthetics:

« Bolus dose: bupivicaine 0.5%, plain or with 1:20 000 solution of adrenaline,
5-8 ml, depending on level of analgesia required.

« Continuous infusion: bupivicaine, 0.125-0.25%. Start immediately after
the bolus dose. The infusion rate will depend on the level of analgesia required.
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TROUBLESHOOTING

The confused patient in the ICU: Causes

Metabolic
Uraemia, electrolyte abnormalities, vitamin and co-factor deficiencies,
hypoglycaemia and hyperglycaemia.

Global hypoperfusion or hypoxia

Drugs

Withdrawal from alcohol, sedatives, opiates, hypnotics, barbiturates.
Idiosyncratic reaction to sedation.

Direct effect (e.g. ketamine or breakdown products of pethidine).

Drug overdose (e.g. hallucinogenics, tricyclic antidepressants, phenothiazines,
theophylline and anticholinergics).

Systemic infection (e.g. septicaemia).
Pain (e.g. full stomach or bladder).
Fever

Underlying chronic disease

Psychiatric (e.g. psychosis, schizophrenia).

Chronic organic brain disease (e.g. collagen disease).
Endocrine disease, thyroid and parathyroid disorders.

Intracranial problem (e.g. trauma, infection, epilepsy, strokes, tumour, abscess,
haematoma).

Acute postcardiac bypass confusional state

Fat emboli

Hypertensive encephalopathy

‘ICU psychosis’

A diagnosis of exclusion, due to a combination of disorientation, drugs, sleep
deprivation, etc. The elderly and very young are prone to confusional states in ICU.

Continuous infusions will provide more satisfactory pain relief and less cardio-
vascular effects. The recommended amount of bupivicaine to avoid toxicity is:

» no more than 2 mg/kg as a bolus
or
» no more than 400 mg/day.

Tachyphylaxis can occur with the use of bupivicaine, necessitating more frequent
increases in dosage.
Ropivicaine has less cardiac toxicity than bupivicaine.
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Local anaesthetic & narcotics: Mixtures of narcotics and local anaesthetics are
very successful. Bupivicaine concentrations tend to vary between 0.125 and 0.2%.
Fentanyl is the commonest narcotic used and its concentrations range between 2
and 4 pg/ml. The mixture we use is

bupivicaine 0.5% — 20 ml
fentanyl 200 pg given at 5-8 ml/h
normal saline 26 ml

This mixture gives

bupivicaine concentration, 0.2%
fentanyl, 4 pg/ml

Commercial packs are also available.

Epidural narcotics alone offer little advantage over IV narcotics.

In the ICU, epidural and systemic narcotics are often used together (e.g. for
flail chest plus fractured upper limbs), as the patient can be closely watched for
respiratory depression. If this occurs, a small dose of naloxone (50-100 pg IV)
will reverse the respiratory depression. Decrease the epidural infusion rate or
decrease the narcotic concentration in the solution.

Pruritus, nausea and vomiting can also be reversed with 50-100 pg of naloxone
IV while continuing the epidural infusion.

Inadequate pain relief: Check the delivery system for leakages or mechanical
faults. Check the epidural concentration; a bolus 2—4 ml of infusion solution plus
a higher infusion rate may be required.
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Shock and anaphylaxis

¢ Ischaemia and shock overlap. Even minor ischaemia can adversely affect
cellular function.

» ‘Normal’ vital signs and monitoring may not ensure adequate oxygen deliv-
ery (DO;).

* Hypovolaemia (relative or absolute) is the commonest cause of tissue
ischaemia and the easiest to correct.

General features of shock

Shock can be defined as a state of inadequate cellular sustenance associated
with inadequate or inappropriate tissue perfusion resulting in abnormal cellular
metabolism. This can occur as a result of inadequate DO,, maldistribution of
blood flow, a low perfusion pressure, or, as usually is the case, a combination of
all three. Shock is associated with anaerobic metabolism, oxygen debt and tissue
acidosis.

Shock predisposes to multiorgan failure (MOF) (see Chapter 9), manifested
by coma, ileus, diarrhoea, liver malfunction and jaundice, renal insufficiency,
coagulopathy and acute lung injury (ALI).

The common denominator and earliest manifestation of shock is reduced oxy-
gen consumption (VO,). This is caused by low flow in haemorrhagic or cardio-
genic shock, a cellular or metabolic deficit in septic shock and by maldistribution
of flow in all types of shock.

The term ‘compensated shock’ suggests that the blood pressure (BP) is main-
tained at the expense of peripheral shutdown and ischaemia to many tissues.

It is becoming increasingly recognised that compensated shock is difficult to
detect clinically, but can have deleterious effects. Measurements of parameters
such as BP and pulse rate may be normal in these circumstances because of a
redistribution of blood flow to vital organs, such as the brain and heart, and
away from the so-called non-vital organs, such as skin and the gastrointestinal
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Table 8.1. Classic haemodynamic patterns in shock

Type of shock Cardiac output  Left ventricular volume  Systemic vascular resistance
Hypovolaemia | W ™

Cardiogenic W ™ 0

Septic (N W A

Anaphylactic I W N

Neurogenic N A Wl

tract. It may be appropriate to employ measurements of tissue perfusion, such as
monitoring the pH of the gastric mucosa (tonometry), as well as global measure-
ments of DO,. The state of compensated shock is associated with relatively normal
estimates of global DO, in the presence of local ischaemia in many tissues. Com-
pensated shock is associated with inadequate resuscitation and with high rates of
morbidity and mortality. For example, decreased splanchnic blood flow is asso-
ciated with potentially serious sequelae, such as bacteraemia, endotoxaemia and
MOF. Oxygen free radicals and other damaging substances are produced during
hypoperfusion. The threshold of DO, at which this occurs has not been defined
and each tissue may have a different threshold. These oxygen free radicals and
mediators are released from damaged cells on reperfusion and result in activation
of macrophages and membrane injury — the ‘ischaemia-reperfusion’ injury.

There is an increasing tendency to ‘hyper-resuscitate’ or over-resuscitate pa-
tients suspected of having hypoperfusion or compensated shock in order to ensure
adequate DO, to all cells.

Classification of shock

There are many classifications of shock, some based on clinical entities and some
on pathophysiology. This is somewhat unreal, as there is a large overlap between
some of the groups, especially in their more severe forms and one or more pro-
cesses may be involved simultaneously (Table 8.1). All forms of shock can even-
tually result in profound cellular dysfunction and death — so-called irreversible
shock. Irreversibility is difficult to define and may depend on inappropriate man-
agement as much as on the clinical state.

The following is a clinically useful initial approach to shock in association with
the classical causes of shock (Table 8.1).

o The patient’s history is very important in determining the cause.

 Hypotension is often the first sign of shock.

o BP = cardiac output x systemic vascular resistance (SVR).

o Firstly, determine whether the problem is mainly one of decreased SVR or
decreased cardiac output.
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o If cardiac output is decreased, is that associated with a high (heart failure) or a
low (hypovolaemia) filling pressure?

Hypovolaemic shock

Hypovolaemic shock is related to decreased intravascular volume, secondary to
loss of:

« blood (e.g. trauma)
« plasma (e.g. burns)
« water and electrolytes (e.g. vomiting, diarrhoea).

Cardiogenic shock

Cardiogenic shock is related to ‘pump’ failure from many possible causes.
Inside the heart:

valve dysfunction
« papillae rupture

» myocardial infarct
« arrhythmias

« tamponade.

Outside the heart:

 pulmonary embolus.

Septic Shock
Septic shock has both central (myocardial) and peripheral circulatory problems.

* A major feature of septic shock is vasodilatation of the circulation causing
relative hypovolaemia, which responds rapidly to fluid replacement.

« Peripheral circulation (e.g. redistribution, arterial to venous shunts).

o Leaky capillaries in both the periphery and lungs.

o Depressed myocardial contractility.

Anaphylactic shock
Anaphylactic shock is secondary to vasoactive mediator release:

» vasodilatation and hypotension
o leaky capillaries, leading to loss of intravascular volume
« severe bronchospasm.

Neurogenic shock

Neurogenic shock involves loss of sympathetic tone, leading to vasodilatation.
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Adverse effects of shock

Central nervous system
Confusion, restlessness and depressed level of consciousness with permanent
damage in the presence of severe and prolonged ischaemia.

Lung
Acute lung injury (ALI).

Myocardium
Depressed myocardial contractility.

Kidney
Oliguria and renal failure.

Gastrointestinal tract
Stress ulceration, ileus, diarrhoea and ischaemia. Ischaemia of the GIT encourages
bacterial translocation, endotoxaemia and MOF.

Liver
Elevation of hepatic transaminases and bilirubin.

Coagulation
Disseminated intravascular coagulation.

Other tissue damage
Other systems (e.g. skin, muscle, immune system) are almost certainly involved
as well, but the end-points of damage are difficult to measure.

Management

As in all acute situations in the ICU, diagnosis and treatment go hand in hand.
Airway, breathing and circulation must be secured first.

Airway
If in any doubt, intubate.

Breathing
Always maintain a high fraction of inspired oxygen (FiO,) in shocked patients,
even if respiratory function appears normal. This is to enhance DO, and to
compensate for V/Q inequalities and the tissue hypoxia that accompanies low
flow states.
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Useartificial respiratory support—continuous positive airway pressure (CPAP),
bilevel positive airways pressure (BiPAP) or intermittent positive-pressure ven-
tilation (IPPV) — where necessary (see Chapter 18). Apply other principles of
treatment for acute respiratory failure as necessary (see Chapter 16).

Circulation
Hypovolaemia is the commonest cause of shock and the most easily reversed.

Fluid: Simple measurements should be used initially to monitor resuscitation
(e.g. BP, pulse rate, skin perfusion and urine output) (see Chapter 20). As the
intravascular volume is corrected, it can be fine-tuned using more complex, time-
consuming measurements of parameters such as central venous pressure (CVP),
pulmonary artery wedge pressure (PAWP), cardiac output and arterial blood
gases (ABG). A fluid challenge, using 200-500 ml aliquots titrated against the
relative changes in all relevant intravascular volume measurements, rather than a
single absolute measurement, is the most accurate way of replacing intravascular
fluid (see Chapter 4).

Inotropes: If hypotension persists despite optimising intravascular volume,
inotrope support and/or a vasopressor may be needed. A particular drug or
combination of drugs at a certain concentration will suit a particular patient at a
particular time in that illness. The principles of choosing an inotrope are outlined
elsewhere.

A useful first choice for hypotension, thatis not responsive to fluid, is adrenaline
or noradrenaline (4 mg in 100 ml of 5% dextrose), titrated against BP.

Adequate haemoglobin concentration: Red blood cells must be rapidly replaced
in actively bleeding patients. If necessary, group-specific blood, which normally
can be obtained more quickly than cross-matched blood, should be used in severe
bleeding to ensure adequate oxygenation of the tissues.

Reversible elements

Rapid correction of reversible and treatable factors is the most important step in
the management of shock

Correct any reversible factors (e.g. bleeding, intra-abdominal sepsis, pul-
monary embolism, pericardial tamponade, rupture of heart valve).

Fine-tuning of shock
Ischaemia merges with shock and compensated shock represents inadequate re-
suscitation. After the patient has initially been resuscitated, evidence of residual
ischaemia must be monitored and corrected.

Evidence of ischaemia can be detected clinically (e.g. cold peripheries and
oliguria) and by more sophisticated measurements, such as those of DO, and VO,,
serum lactate, ABGs and GIT mucosal pH, as measured by a gastric tonometer.
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specific forms of shock

Hypovolaemic shock, cardiogenic shock, septic shock and neurogenic shock are
discussed in more detail elsewhere. Only anaphylactic shock will be discussed
here.

Anaphylaxis

Both anaphylactic and anaphylactoid reactions are characterised by sudden
and dramatic changes in vascular tone, permeability and bronchial hyper-
reactivity. This is due to the release of vasoactive mediators such as histamine,
kinins and prostaglandins. The clinical manifestations of anaphylactoid reac-
tions and anaphylactic reactions are identical. Anaphylactic reactions are usually
attributed to participation of IgE antibodies (i.e. previous exposure to the anti-
gen) whereas in anaphylactoid reactions vasoactive mediator release is via a non-
immunoglobin mediated pathway, e.g. complement activation or direct mediator
release.

Clinical manifestations

o Skin: erythema, urticaria, pruritus, angioedema.

« Respiratory: bronchospasm, laryngeal oedema.

« Gastrointestinal: vomiting, abdominal cramps, diarrhoea.

« Cardiovascular: hypotension, tachycardia, arrhythmias, vasodilatation, de-
creased myocardial contractility.

o General: apprehension, metallic taste, coughing, paraesthesias, arthralgia,
clouding of consciousness and clotting abnormalities.

These changes are variable; less than 20% of patients have a rash, 33% have bron-
chospasm and 86% have cardiovascular collapse. The reaction can be immediate
or delayed.

Management

Oxygen
Oxygen in high concentrations, via a face mask, should always be given.

Adrenaline
Adrenaline is the drug of choice for anaphylaxis:

« Initially give 0.5 ml of 1:1000 adrenaline intramuscularly (IM).
» Commence an IV adrenaline infusion (4 mg in 100 ml of 5% dextrose) titrated
against the systemic blood pressure.
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« If the patient has an unrecordable BP and is about to have a cardiac arrest then
give 10 ml of 1 : 10 000 adrenaline intravenously (IV) over 5 minutes. Repeat
as required or increase the IV adrenaline infusion rate.

Plasma expansion

Because of vasodilatation and leakage of plasma protein, colloid should be used
to correct the volume of the intravascular compartment. It must be given rapidly,
initially 10-20 ml/kg. Larger volumes may be required.

Bronchospasm

Apart from adrenaline, other measures that are used for asthma may be nec-
essary (e.g. salbutamol). Intubation and ventilation may be required for severe
bronchospasm. The same ventilatory techniques as for severe asthma should be
used.

Other drugs
Steroids are of uncertain benefit. Hydrocortisone 100-200 mg slowly IV may be
given in severe or recurrent reactions. It may also be useful in asthmatics.

The role of antihistamines in the acute setting is uncertain, but probably of
little benefit. Chlorpheniramine 10-20 mg IM may be given.

Monitoring

« Patients should be monitored closely in the ICU until stable. Fine-tuning of
the cardiorespiratory system can be accomplished after resuscitation. Measure-
ment of cardiac filling pressures, e.g. CVP and PAWP and continuous inotrope
infusions may be useful.

e Monitor BP, saturation, ECG and blood gases.

Further management

Take blood for determination of complement, antibody concentrations and mast

cell tryptase in order to identify possible precipitating agents (e.g. anaesthetic

agents). Skin testing at a later date may further clarify the causative agent.
Counsel the patient and relatives about future reactions to the same stimulus.

Inform relevant medical practitioners of the event and consider a hyposensitisa-

tion programme.
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Multiorgan failure

» Early aggressive resuscitation may prevent multiorgan failure (MOF).

¢ The clinical presentation of MOF is determined by the host’s response as
much as the triggering factor.

* Aggressive investigation and treatment of the cause are the most important
steps.

Multiorgan failure (MOF) is considered to be a discrete entity or syndrome in
the critically ill. It is a process, rather than an event, and it develops over time in
response not only to an initial stimulus, such as sepsis, multitrauma, inflamma-
tion, severe burns, major surgery or shock, but also to the host’s response to that
particular stimulus. In fact, the host’s response may be a more important deter-
minant of the development of MOF than is the initial stimulus. Another name,
the systemic inflammatory response syndrome (SIRS) is often used to describe
this inflammatory response and to emphasise the importance of the host reaction
rather than the exact nature of the insult. Multiorgan failure does not necessarily
mean the total failure of every individual organ, but rather relative dysfunction.
Failure or dysfunction of certain organs can be difficult to quantitate and so the
extent of system disintegration may be underestimated. For example, renal func-
tion is estimated on the basis of relatively firm end-points, such as a rising serum
creatinine concentration or oliguria, whereas there is no equivalent biochemical
test for gastrointestinal tract function and thus softer clinical end-points must be
used. Patterns of organ dysfunction are variable from one patient to another.

Manifestations of multiorgan failure

Respiratory system

Acute lung injury (ALI) is usually defined as hypoxia in the appropriate clinical
setting, with bilateral pulmonary infiltrates and a normal left atrial pressure.
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Cardiovascular system

Peripheral dilatation, high cardiac output, supraventricular arrhythmias, im-
paired contractility or low output failure.

Cardiovascular parameters seen in MOF can depend on the patient’s underlying
heart function as much as the acute insult.

Central nervous system

Encephalopathy and coma.

Renal system

Acute renal failure, with impaired glomerular filtration and tubular function.

Gastrointestinal tract

Stress ulceration, decreased gastric emptying, ileus and diarrhoea.

Hepatobiliary system

Increase in bilirubin and increases in liver enzymes.

Pancreas

Mild to moderate pancreatitis.

Haematological

Anaemia, coagulopathy, thrombocytopaenia, as well as impairment of bone mar-
row function.

Metabolic

Oxygen consumption may rise or fall; increased energy expenditure; increased
gluconeogenesis from protein and consequent hyperglycaemia; increased fat ox-
idation; and failure to prevent catabolism by nutritional support.

Other factors

Other organs and tissues are probably also involved (e.g. skin, muscle, bone) but
these dysfunctions are even more difficult to measure and define.
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Quantification of organ dysfunction

There have been attempts to quantify the extent of MOF in order to help predict
outcome as well as to classify and compare a similar population of patients.
The scoring systems include cardiovascular (using blood pressure, heart rate and
response to fluid and/or pressures); respiratory system (using PaO,/FiO,); renal
system (using creatinine, urea and/or urine output); and the central nervous
system (using the Glasgow Coma Scale). One of the more widely used is the
Sequential Organ Failure Assessment (SOFA) system.

Pathophysiology

Multiorgan failure is generally considered to be a syndrome with many causes
but a similar final common pathway. Animal studies have demonstrated that the
physiological alterations associated with MOF are produced by a complex cascade
of more than 100 separate molecular mediators, including cytokines, eicosanoids,
complement components, platelet activating factor (PAF) and intermediates of
nitrogen and oxygen metabolism. These mediators have overlapping biological
effects and are released from host cells, mainly macrophages, in response to
a variety of stimuli. Experimental administration of some of these mediators,
including tumour necrosis factor (TNF), interleukin-1 (IL-1), IL-2 and IL-6,
produces a picture that in many ways simulates MOF. The levels of mediators
in the circulation do not correlate with the clinical responses. The response to
insults by mediators have important biological advantages by neutralising the
insult, while at the same time often causing serious damage to the host.

The pathogenesis of MOF may be more closely related to an uncontrolled host
response to an initiating stimulus, such as sepsis, than to uncontrolled infection
and unchecked bacterial multiplication. Thus, MOF probably results from a sys-
temic inflammatory response, rather than a pure infection. Although MOF was
initially thought to be triggered by bacteria, it is now apparent that many stimuli,
including tissue ischaemia, can initiate the inflammatory response. The clini-
cal findings and mediator responses do not currently allow one to differentiate
between infectious and non-infectious causes of MOF. In addition to ischaemic
injury, reperfusion of ischaemic areas will result in an additional injury, mediated
by inflammatory cells. Ischaemia of the GIT mucosa may also play an important
role in MOF. The intestinal mucosal barrier is particularly vulnerable during
ischaemia because of an increased demand for oxygen in the face of decreased
oxygen supply. The compromised mucosa is unable to prevent translocation of
bacteria, which leads to further stimulation of inflammatory mediators through-
out the body. It has been suggested that the compromised GIT mucosa is the
‘motor’ of MOF.
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The antecedents of the syndrome — trauma, burns, inflammation, major
surgery, ischaemia, shock and infection — are associated with a complex spec-
trum of immunological abnormalities. The result is a dynamic process due to the
interplay of the initial stimulus and the host reaction. Management must therefore
be directed to restoration of normal physiological status as rapidly as possible,
rather than relying on simplistic solutions such as broad-spectrum antibiotics. In
the future, there is the possibility of specific treatments directed against the many
mediators of MOF. These include TNF, IL-1, IL-10, interferon-vy, transforming
growth factor B (TGF-f3), prostaglandins, PAF and nitric oxide (NO). However,
there is increasing disillusionment with a ‘magic bullet’ for MOF and manage-
ment is now aimed at prevention, in terms of correcting hypoxia and ischaemia
at the earliest possible stage.

Management

Treatment of sepsis is often considered the model for management of MOF. The
principles of management for sepsis are the same for MOF and are discussed in
detail elsewhere. The following are guidelines for the management of MOF.

Prevention

« Rapidresuscitation: Restore the circulating blood volume, arterial BP and blood
flow; maintain oxygen delivery (DO,) to the cells.

« Prevention of sepsis.

« Rapid diagnosis and treatment of sepsis.

Support

o Maintain DO, to the cells (see Chapter 16):

adequate arterial oxygenation
adequate haemoglobin concentration
adequate cardiac output.

o There may be an abnormal relationship between DO, and oxygen consumption
(VO,) in patients with MOF. Even at high rates of DO,, there may be a depen-
dence of VO, on DO,. The more oxygen supplied, the more that is utilised.
However, there is little convincing evidence to aim for higher rather than
‘normal’ DO, in patients with MOF.

« Maintain adequate perfusion pressure.

» Minimise peripheral oedema to encourage capillary blood flow and VO,.

« Avoid high intrathoracic pressures associated with artificial ventilatory support
to prevent lung damage and encourage extrathoracic organ blood flow.
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» Commence early enteral nutrition and in appropriate patients commence stress
ulcer prophylaxis.
« Replace coagulation factors and platelets.

Definitive treatment

Aggressivelyinvestigate and remove or treat the source of sepsis or other causes
of the MOF. Definitive treatment is the most important step.

Drugs

Drugs such as steroids, non-steroidal anti-inflammatory agents, heparin,
branched-chain amino acids, desferroxamine, allopurinol, prostaglandins and
monoclonal antibodies have all been tried or are currently being investigated for
use with MOF. As yet, none can be unequivocally recommended.

Outcome

There have been few large and epidemiologically sound studies on MOF and thus
far it has been difficult to define the syndrome and determine what constitutes
organ failure. More extensive trials will be required before we shall have precise
information on how the high mortality associated with this syndrome can be
reduced. However, we know that it is not only the number of failing organ systems
that determines the outcome but also the degree of dysfunction within each
system.

The removal of inflammatory mediators by techniques such as continuous
renal replacement therapy and plasma filtration can be achieved. So far this has
not resulted in improved outcomes.
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Cardiopulmonary resuscitation

¢ Immediate cardioversion is the best treatment for ventricular fibrillation
and pulseless ventricular tachycardia.

* Pupil size and reactions are unreliable indicators of cerebral function during
cardiopulmonary resuscitation (CPR).

 Up to half of all patients who experience in-hospital cardiac arrests had
major physiological abnormalities beforehand. These should be identified
and treated early.

Initial management in the hospital setting

Firstly, determine that the patient is unconscious: shake the patient and attempt
to communicate. Call for help and lie the patient flat.
Identify the rhythm immediately:

o If ventricular fibrillation (VF) (Figure 10.1) or ventricular tachycardia (VT)
(Figure 10.2) is the first rhythm encountered, up to three DC shocks should be
delivered as soon as possible, at energy settings of 200 J, 200 J and then 360 ]
(Figure 10.3).

o Ifthe rhythm is other than VF, immediately proceed to the non-VF/VT protocol
(Figure 10.3).

If the rhythm cannot be identified immediately:

 Gain control of the airway, commence basic CPR and establish intravenous
(IV) access while waiting for rhythm monitoring equipment to arrive.

Airway

The three basic airway manoeuvres are head tilt, chin lift and jaw thrust. The
airway must be cleared of any foreign matter or obstruction with finger sweeps
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Cardiopulmonary resuscitation

Figure 10.1. Ventricular fibrillation.
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Figure 10.2. Ventricular tachycardia.

(community) or suction (hospital) and positioning. Initially use mouth-to-mask
or bag-and-mask ventilation. Intubation with a tracheal tube will give better
control of the airway. If intubation is difficult, do not persevere — ensure ade-
quate ventilation and oxygenation with a simpler technique such as a laryngeal
mask.

Ventilation

For most relatively untrained nursing and medical staff, the use of self-inflating
bags probably is not as efficient as mouth-to-mask techniques with supplemental
oxygen. When using mouth-to-mask ventilation, pause to allow chest compres-
sion. The period of lung inflation should be 1.5-2 seconds/breath. This will
increase the likelihood of lung inflation, rather than gastric distension.

Circulation

Check for a carotid or femoral pulse. If there is no pulse or only a weak pulse and
the blood pressure is too low to be measured, start external chest compression
(Figure 10.4).
Measure two finger breadths up from the xiphi sternum. Place the heel of your
hand on the lower sternum. Place your other hand on top of the first, keeping the
heel of the hand on the chest and the fingers off.

With your shoulders directly over the patient, use your body weight (not your
arm muscles) to depress the sternum.
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Adult Cardiac Arrest

v

BLS algorithm
If appropriate

v

Precordial thump if appropriate

v

Attach defibrillator/monitor

v

Assess rhythm

A

Check pulse +/-

Attempt
Defibrillation x 3
as necessary

o Patients with VF/VT refn
- Epinephrinel mg IV, every 3 to 5 minutes

During CPR

o Check electrode/paddle positions and contact
* Attempt to place, confirm, secure airway

Or

3 to 5 minutes

¥ to initial shoc)

- Vasopressin 40 U IV, single dose, 1 time only
» Patients with non-VF/VT rhythms:
e Epinephrine 1 mg IV, every

¢ Consider: buffers, antiarrhythmics, pacing
o Search for and correct reversible causes
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CPR
Up to 3 minutes

« Hypovolacmia

s Hypoxia

« Hydrogen ion - acidosis
o Hyper-/hypokalaemia, other metabolic

¢ Hypothermia

Consider causes that are potentially reversible

o “Tablets” (drug OD, accidents)

o Tamponade, cardiac
* Tension pneumothorax
* Thrombosis, coronary (ACS)

¢ Thrombosis, pulmonary (embolism)

Figure 10.3. ILCOR Universal International ACLS Algorithim. Reprinted by permission
of Resuscitation 46(1-3) (2000): 1-488.

o Compress at a rate of approximately 100 times/minute.
 Depress the sternum 4-5 cm each time.
 Use equal compression and relaxation times.

with an endotracheal tube (ETT).

The ratio of 15 compressions to 2 ventilations is used until the airway is secured
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Upstroke

1/, — 2 inches
38 — 50mm

Downstroke

Figure 10.4. External cardiac compression.

Reversible causes
Check for and correct reversible causes:

5H’s:

Hypoxaemia

Hypovolaemia

Hypothermia

Hydrogen ion — acidosis
Hyper/hypokalaemia and metabolic disorders

5Ts:

Tamponade

Tension pneumothorax
Toxins/poisons/drugs

Thrombosis — coronary
Thrombosis — pulmonary embolism

Effective CPR, at best, will give a cardiac output that will be 25-30% of normal, a
systolic blood pressure (BP) of 60-80 mmHg and a diastolic pressure of approxi-
mately 40 mmHg. Cardiac output will decline with time. After 15 minutes, it will
be only 15% of normal.

The ‘chest thump’ as an initial manoeuvre to convert VF may be used in
monitored VF/pulseless VT arrests as it will occasionally result in conver-
sion. However, the ‘chest thump’ should not delay the administration of DC
shock.
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IV access

The initial IV access should be via a large peripheral vein (e.g. antecubital fossa).
Central lines are not required; their insertion would only interrupt the perfor-
mance of external chest compression. Intravenous fluids usually are not required
during CPR but a slow running drip will facilitate drug infusion.

If IV access cannot be gained, some drugs including adrenaline and lignocaine
can be administered via the ETT or intraosseously in children. Dosages 2-2.5
times normal should be used. Sodium bicarbonate and calcium should not be
administered via the ETT. A central line is preferable for administration of in-
otropes. The external jugular is a rapid option. If peripheral access is used, flush
with a large volume of fluid (e.g. 20 ml) after the inotrope bolus. Intracardiac
drugs should not be used.

Defibrillation

Defibrillation depolarises the myocardium and allows the most rapid natural
pacemaker, the sinoatrial node, to drive the heart’s rhythm. Immediate defibril-
lation is the treatment of choice for VF or VT (Figure 10.3). If VF or VT without
an output is the first rhythm encountered, up to three sequential countershocks
02007, 200 J and then 360 J should be delivered, with no CPR in between. If the
DC shock can be delivered within 3 minutes, up to 80% of patients will revert.
After 5 minutes, defibrillation rarely results in spontaneous reversion. This em-
phasises the importance of early DC shock. The use of sequential shocks without
a pause for CPR takes advantage of the accumulated decrease in transthoracic
impedance. More current is therefore applied to the heart. However, excessive
current can damage the heart. Energy levels of more than 360 ] are seldom re-
quired. Repeated shocks may be necessary, but ensure that correctable factors
are corrected (e.g. adequate oxygenation, as well as potassium and magnesium
concentrations).

The defibrillator operator is responsible for determining that staff members
are clear of the bed at the time of defibrillation.

Staff members must familiarise themselves with their hospital’s defibrillators
and have some basic knowledge about troubleshooting. The commonest reasons
for defibrillator malfunction include batteries without sufficient charge, poor
contact with the patient and inadvertent use of the synchronisation mode. This
mode should be used only for cardioversion of arrhythmias with adequate circu-
lation.

Most current defibrillators have a monophasic waveform, i.e. deliver current
in one direction. Defibrillators with a biphasic waveform require lower energy to
defibrillate and also do not require an increasing current with each shock. Some
automatic external defibrillators (AEDs) deliver a biphasic waveform. The place
of biphasic defibrillators is uncertain at present.
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Drugs

Adrenaline
Adrenaline is widely used in ALS algorithms. Its o vasoconstrictor action diverts
the blood flow, increasing the flow to vital organs and increasing coronary and
cerebral perfusion pressures. Adverse effects include increased myocardial oxy-
gen consumption (VO,), subendocardial ischaemia and arrhythmia. Adrenaline
is still the first line drug for use in patients who have VF/VT unresponsive to de-
fibrillation, asystole and pulseless electrical activity (PEA). There is little evidence
to show it improves outcome and the optimal dose is uncertain.

It must be emphasised that adequate chest compression is critical if one is to
gain the full beneficial effects of vasoconstrictors.

Guidelines:

1 mg IV every 3 minutes.
A higher dose (5 mg) may be given after failure of the standard algorithm.

Vasopressin
The naturally occurring antidiuretic hormone vasopressin is a vasoconstrictor at
high doses via the V; receptor. High endogenous levels of vasopressin in survivors
versus non-survivors of cardiac arrest lead to its initial use. However, there is no
good evidence it improves outcome.

Guidelines:

It is recommended by some to be used in VF/VT refractory to shock and
adrenaline. One dose only at 40 units. The half-life of vasopressin is 10-70
minutes.

Sodium bicarbonate

The indications for the use of sodium bicarbonate in CPR are few; they in-
clude pre-existing metabolic acidosis, hyperkalaemia and overdosage with tri-
cyclic drugs. It may also be useful in prolonged CPR (e.g. more than 20 minutes).
Bicarbonate treatment is often associated with complications such as hyperna-
traemia, hyperosmolality, hypocalcaemia, paradoxical intracellular acidosis, im-
paired release of oxygen from haemoglobin and rebound alkalosis.

Guidelines:

Give sodium bicarbonate (50 mmol) IV as a bolus dose and then use regular
arterial blood gas determinations to guide further treatment. However, during
prolonged CPR, arterial blood gases do not necessarily reflect the degree of
intracellular acidosis.

Calcium chloride
Calcium is indicated for hyperkalaemia and hypocalcaemia and in cases in which
it is suspected that there is toxicity due to calcium channel blocking drugs.
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Guidelines:

Give calcium chloride (10%) 2—4 mg/kg. Repeat after 10 minutes if necessary.

Lignocaine
Lignocaine is no longer the first choice antiarrhythmic for VI. With normal
cardiac function procainamide or sotalol are preferred. With abnormal cardiac
function amiodarone is the preferred drug.

Guidelines:

Give 1-1.5 mg/kg bolus in a cardiac arrest.
Not more than 3 mg/kg in total.

Amiodarone
Amiodarone is useful in both supraventricular and ventricular arrhythmia, par-
ticularly in patients with impaired left ventricular function.

Guidelines:

150 mg IV over 10 minutes then an infusion of 1 mg/min for 6 hours.

Other inotropes

Combinations of other drugs, such as dobutamine, dopamine, noradrenaline
and isoprenaline, may have a place in ‘fine-tuning’ cardiovascular function after
spontaneous circulation has been re-established.

Further management

Continue CPR: when conducting tests, procedures or reviewing an ECG, do
not interrupt the CPR for more than a few seconds.

A spontaneous palpable pulse is the best evidence that cardiac output has
returned. Immediately resume CPR if the pulse is not detected.

Brain resuscitation

The most effective way to maintain cerebral function is to provide efficient CPR.
There is no evidence to support the use of barbiturates, calcium channel block-
ers or steroids in this setting. Inducing hypothermia following successful re-
suscitation is currently being studied. Initial studies show improved neurologic
outcome.

When to stop

The decision when to stop is largely governed by ‘when to start’ The phys-
ical conditions of many patients are not suitable for commencement of
CPR and, whenever possible, that should be clarified for each patient before
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Table 10.1. Poor Prognostic indicators after CPR

No CPR given until 4 minutes or more had elapsed

No defibrillation during the first 8 minutes or more

Age of patient greater than 75 years and arrest lasting 5 minutes or longer
Severe underlying disease (e.g. malignancy)

Initial rhythm asystole or pulseless electrical activity.

Unwitnessed arrest of unknown duration

cardiorespiratory arrest occurs. The purpose of CPR is to prevent sudden, unex-
pected death, not to prolong meaningless life.

Brainstem signs such as pupil size and reaction to light are unreliable indicators
of neurological status during CPR.

If there is a delay of greater than 4 minutes before basic CPR is initiated and a
delay of more than 8 minutes before defibrillation, the outcome is generally very
poor (Table 10.1).

Prolonging CPR beyond 15 minutes has resulted in a survival rate of less than 5%
and except in exceptional circumstances, such as primary hypothermia or drug
overdose, CPR beyond 30 minutes is rarely successful.

Post-cardiopulmonary resuscitation

After resuscitation, a significant amount of organ damage due to ischaemia and/or
reperfusion may occur.

It is important to correct as many ‘correctables’ as possible, in order to op-
timise tissue perfusion (e.g. serum potassium and magnesium, blood glucose
[hyperglycaemia may exacerbate focal ischaemia] and temperature).

Maintain oxygenation and ventilation. The aim of ventilation should be to
achieve normal levels of PaCO,.

Obtain a post-resuscitation chest x-ray to exclude pulmonary barotrauma,
aspiration pneumonia, gastric dilatation and check the position of the ETT and
invasive monitoring devices in the thorax (e.g. temporary pacemakers, central
venous catheters).

Regarding neurological damage, most studies have shown that if there is to
be full neurological recovery, it will occur within the first 48 hours after cardiac
arrest. Otherwise there will be varying degrees of permanent damage resulting
from the global ischaemia at the time of arrest.

Prevention of cardiopulmonary arrests

Up to half of all patients who experience in-hospital cardiac arrest can be shown
to have had severe and identifiable abnormalities before arrest. These include
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tachypnoea, hypotension, oliguria and decreased level of consciousness. Because
of the increased monitoring and awareness in ICUs, it probably is no coincidence
that patients in intensive care rarely experience unexpected cardiorespiratory
arrest. It is therefore important that the entire staff of a hospital become better
educated in how to recognise patients who are rapidly deteriorating. Despite
considerable advances in our knowledge of cardiac arrest, outcomes have not
improved markedly over the past two decades. There is some evidence that the
cardiac arrest team would be more successful being rapidly deployed to patients
who were at high risk of having an arrest, rather than to those who had actually
arrested.
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Body temperature disorders

¢ A fever has many beneficial effects in the body’s fight against infection and
should not necessarily be lowered.

 Meticulous supportive care is as important as active measures in the man-
agement of hypothermia and hyperthermia.

» Surface cooling for a hyperthermic patient can increase core temperature
by encouraging skin vasoconstriction and shivering.

Regulation of temperature

The body’s core temperature remains remarkably stable. This is in spite of the
wide range of ambient temperatures to which the body is exposed and the great
variations in the metabolic processes that produce heat (thermogenesis) within
the body. Heat is normally lost by convection, evaporation and radiation. Tem-
perature is centrally controlled, probably by the hypothalamus and the main route
for heat control is via the skin. Vasoconstriction is used to cool the skin, diverting
blood flow from the superficial circulation to beneath the subcutaneous fat, thus
using the skin’s insulating properties to conserve body heat (Table 11.1). To lose
heat, blood flow is diverted to the skin, facilitating radiant and convective heat
loss. However, evaporative loss is the major adaptive mechanism for heat loss.
Sweating accounts for heat losses of up to 500 Kcal/h.

Methods for temperature measurement

Temperatures vary considerably throughout the body. The temperatures of dif-
ferent areas of the skin vary. Similarly, core temperatures measured in the bladder,
pulmonary artery and oesophagus can also vary. A single site for measuring tem-
perature must therefore be chosen for consistency. A record of core temperature,
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Table 11.1. Physiological responses to temperature changes

Hypothermia
Skin vessel vasoconstriction
Muscle vessel vasodilatation
Tachypnoea
Hypertension
Shivering
Increased metabolic rate
Hyperthermia
Skin vasodilatation
Sweating
Increased minute volume

rather than peripheral temperature, is essential in patients with hyperthermia
and hypothermia. Patients who have cardiorespiratory instability, resulting in
unpredictable skin blood flow, should also have their core temperatures, rather
than peripheral temperatures, recorded.

Simple glass thermometers are suitable for routine measurements of oral or
axillary temperature in otherwise stable patients. They usually read 0.4-0.7 °C
below simultaneously recorded core temperatures. There is little difference in
accuracy or ease of use between mercury thermometers and electronic systems for
measuring non-core temperatures. However, electronic thermistor type devices
are needed for measuring core temperature. It is important to routinely maintain
and test these devices for accurate calibration.

Hypothermia

Hypothermia is said to occur when the body’s core temperature is 35 °C or less.
It is a medical emergency (Table 11.2). Among patients with core temperatures
lower than 32 °C there is high mortality.

Hypothermia can result from

1 Exposure — when cold stress exceeds the body’s maximum heat production.

2 Exhaustion — which results from depletion of the body’s available energy
sources.

3 Failure of central temperature regulation — which is seen mainly in elderly
patients and the newborn.

It is important for every ICU to have a thermometer capable of measuring core
temperatures below 35 °C.
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Table 11.2. Clinical effects of core hypothermia

36 °C: Increased metabolic rate, in an attempt to balance heat loss; shivering,
vasoconstriction.
32 °C: Decreased metabolic activity, consciousness clouded, pupils dilated, shivering
ceases, temperature control lost, bradycardia, ] waves on ECG.
31 °C: Blood pressure difficult to measure; increasing metabolic acidosis.
30 °C: Increasing muscular rigidity, slow pulse and respiration, metabolic rate 50%
of normal.
28 °C: Ventricular fibrillation may develop if the heart is irritated.
26 °C: Unconscious
Pupils unreactive Resuscitation may still be effective at this stage.
No deep tendon reflexes
Respiratory arrest
24 °C: Spontaneous VF, pulmonary oedema, severe coagulopathy.
20 °C: Asystole.

The authors are grateful to Dr R. Lee for his permission to reprint the above table.

Causes of hypothermia

« Loss of consciousness (e.g. cerebrovascular events, head trauma).

» Metabolic and endocrine (e.g. acute diabetic emergencies, myxoedema, pitu-
itary and adrenal failure).

« Accidental hypothermia — in association with low ambient temperature (e.g.
mountaineering and immersion accidents).

« Surgery — intraoperative hypothermia is common, especially during prolonged
procedures involving open body cavities.

» Drugs — especially alcohol and drugs associated with self-poisoning.

Hypothermia is potentiated in

the elderly

o the newborn

the acutely ill (e.g. patients with pneumonia and renal failure)

patients with cardiovascular instability (e.g. congestive heart failure, myocardial
infarction, septicaemia).

L]

Clinical features

Adaptive mechanisms such as tachypnoea, tachycardia and muscle rigidity grad-
ually give way to slowing of respiration, bradycardia, hypotension and coma
(Table 11.2). ECG changes include QT prolongation, T-wave inversion, ] waves
and an increase in the PR interval (Figure 11.1). Ventricular fibrillation (VF)
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. LN

Figure 11.1. ECG changes associated with hypothermia. As the temperature decreases
(from top to bottom), the heart rate slows and the QT and PR intervals become more
prolonged. ] waves (arrows) appear at a temperature of about 35 °C (top) and become
more prominent at 25 °C (bottom).

Reprinted by permission of Little Brown and Company. Curley, E. J. and Irwin, R. S.
Disorders of temperature control. Part I hypothermia. In Intensive Care Medicine, 2nd
edn, ed. J. M. Rippe, R. S. Irwin, J. J. Alpert and M. P. Fink, pp. 658-73. New York: Little
Brown and Company, 1991.

usually occurs when the core temperature drops below 25 °C. The VF is often
resistant to treatment until the core temperature is increased.

Management

Immediate
Hypothermia is a medical emergency and should be managed in an appropriately
monitored area.
Airway: Intubate if the patient is unconscious or has decreased airway reflexes.
Breathing: All patients require high flow oxygen, especially if they are shivering.
Bradypnoea is usually associated with a core temperature of less than 30 °C. Early
intubation and artificial ventilation will assist with oxygenation and rewarming.
Circulation: If there is no palpable pulse, perform cardiopulmonary resuscita-
tion (CPR). As a general rule, for every 10 °C decrease in body temperature, the
time during which there can be hope of recovery from circulatory arrest without
CPR can be doubled. This refers only to primary hypothermia (i.e. people who
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are instantly cooled to a low temperature). It does not apply to people who have
become hypothermic secondary to cardiac arrest (secondary hypothermia). Hy-
potension requires warmed intravenous fluid. Catecholamines are often required.
Antiarrhythmics and cardioversion may be ineffective at low temperatures. Treat-
ment of arrhythmias must therefore include aggressive rewarming.

Monitoring: Use continuous ECG monitoring, pulse oximetry, vital signs and
other cardiorespiratory monitoring where appropriate.

Investigations: Immediate investigations must include arterial blood gases,
blood sugar, electrolytes, microbiology, chest x-ray and 12-lead ECG. Measure-
ment of core temperature with a low reading thermometer is mandatory.

Coagulopathy: Hypothermia causes marked disturbances of the enzymes in-
volved in the coagulation cascade, thus predisposing the patient to bleeding.
The abnormalities will not be detected if coagulation profiles are constructed at
37 °C. The tests must be performed at the patient’s core temperature.

Rewarming

Core temperature > 30 °C. External warming: External rewarming is achieved by
covering the patient using hot air blankets and giving warm IV fluids and warmed
humidified oxygen. More active techniques such as immersing a patient in hot
water are unsound and not necessary. A temperature rise of 0.5 °C/h should be
the target.

Core temperature < 30 °C. Active core rewarming: Surface rewarming is con-
traindicated when the core temperature is less than 30 °C as it would cause
shunting of blood to the dilating skin circulation. The vasodilatation would ex-
acerbate hypotension and cause a further decrease in core temperature, both of
which could precipitate VF. Active core rewarming can be achieved in various
ways.

* Delivering warmed humidified gases.

o Delivering warmed parenteral fluids.

o Peritoneal dialysis (4-8 L/h at a temperature of 37-42 °C).

« Circulating water, heated to 42 °C, through a closed irrigation system inserted
into the oesophagus or stomach at a rate of about 3 L/h.

« The technique of choice for severe hypothermia probably is haemoperfusion.
This procedure employs extracorporeal circulation by a continuous arteriove-
nous or venovenous technique. The blood is warmed as it flows past a dialysis
solution warmed to 40 °C.

Active measures can be ceased when the temperature reaches 35 °C.

Outcome

The mortality amongst hospitalised patients with core temperatures lower than
30 °C can vary from 20% to 85%, depending on the age of the patient, the
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Table 11.3. Non-infectious causes of fever in the ICU

Aspiration

Acute lung injury

Pulmonary emboli and fat emboli
Deep vein thrombosis

Myocardial infarct

Cerebral infarction /haemorrhage
Subarachnoid haemorrhage
Other forms of brain injury
Acalculous cholecystitis
Alcohol/drug withdrawal

Blood or platelet transfusions
Gout

Neoplasms

Drug reactions are an uncommon cause of fever

associated underlying condition and the severity of hypothermia. Meticulous
supportive care and the use of sound resuscitative techniques are just asimportant
as the rewarming technique.

Hyperthermia

Fever

Fever is a common problem in seriously ill patients. The increased temperature
is in response to cytokines released from mononuclear cells which act on the
hypothalamus and reset central temperature control. This is the body’s attempt
to rid itself of invading pathogens. The diagnostic dilemma is to determine if the
fever has an infectious or non-infectious cause. The ‘big five’ causes of infection
in the ICU are the lungs, bloodstream, abdomen, urine catheters and wounds.
Other sites such as sinusitis, endocarditis and osteomyelitis are not as common.
Non-infectious causes are listed in Table 11.3.

Effects of fever

» Increased metabolic rate (approximately 10% for each 1 °Crise in temperature).
« Increases in oxygen consumption (VO,), pulse rate and cardiac output.

« Increased protein breakdown.

» Improved bacteriocidal action — enhanced antibody and cytokine production.
o Improved wound healing.
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Management

Determine the cause of the fever — infectious or non-infectious. A general guide-
line, made to be broken, is that non-infectious causes of a fever rarely reach a
temperature of greater than 38.9 °C. Atelectasis does not cause a fever unless it is
infected.

Fever is beneficial for host defences; patients with a fever have an improved
outcome. As a guideline, the temperature should not be reduced by either physical
or drug means unless the patient has an acute brain injury, limited cardiovascular
reserve or the temperature is over 40 °C.

Surface cooling

Ice packs, cooling blankets and fans have been used to cool patients. However, asa
result of peripheral vasoconstriction, secondary to surface cooling by those meth-
ods, a paradoxical increase in core temperature can occur. Evaporative techniques
(e.g. fans and tepid sponging) are more efficient than convective techniques (e.g.
ice packs and cooling blankets). Care must be taken that a fan not be directed
at the patient’s face, as corneal drying and ulceration can occur if the eyes of a
semiconscious patient are partially opened.

Antipyretic drugs

Paracetamol, non-steroidal anti-inflammatory drugs and aspirin can all lower
body temperature. The drug may have to be given rectally if oral absorption is
not possible (e.g. indomethacin, 100 mg/rectum).

Heatstroke

Heatstroke can occur as a result of increased heat production by the body or
decreased heat loss or a combination of the two. It occurs particularly in certain
groups and certain situations.

o The elderly.

o Athletes participating in endurance sports, particularly in warm temperatures.
« People with underlying cardiovascular disease.

» Hot ambient temperature (e.g. young children confined in cars).

« Infants with febrile illnesses who are wrapped too warmly.

« As a result of drugs such as anticholinergics and alcohol.

Clinical features

A spectrum of damage will occur as the temperature increases. Heat exhaustion
represents failure of the body to maintain a normal core temperature. Heatstroke
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can then rapidly supervene and it includes the following features, especially when
the core temperature exceeds 42 °C.

« tachycardia

» muscle cramps

« hypotension

« hypovolaemia

» weakness

widespread cellular damage causing rhabdomyolysis, renal failure, hepatic fail-
ure, coagulopathy and thrombocytopaenia.
disorientation

o delirium

« severe vomiting and diarrhoea

e convulsions

e coma

The severity of tissue damage will be determined by the duration and degree
of hyperthermia. Rapid cooling is essential.

Management

Heatstroke is a medical emergency. Treatment must be prompt.

Airway and breathing: If the patient is unconscious or is having a seizure,
or if there is doubt about the airway, intubation and ventilation should be
performed.

Oxygen: Initially 100% oxygen should be delivered and then the inspired oxygen
should be adjusted according to the patient’s oxygenation.

Circulation: Hypovolaemia and hypotension are common. Rapid resuscita-
tion with fluid is required. Cardiac damage may have occurred, necessitating
catecholamine infusion in order to support the circulation.

Monitor core temperature: Use a high reading thermometer.

Investigations: Conduct baseline measurements: arterial blood gases, elec-
trolytes, renal and liver function tests, blood glucose, haemoglobin, platelet count,
coagulation profile and creatinine kinase.

Cooling
As the severity of tissue damage will be determined by the degree and duration
of hyperthermia, rapid cooling is paramount. At the site of injury, this involves
removing clothing, moving to a shaded area, wetting the skin and actively fan-
ning. The temperature must be rapidly dropped to less than 40 °C. Higher core
temperatures may exacerbate the cellular damage.

Convection: Although measures such asimmersion in cold water or packing the
body in ice have been successfully employed, they can precipitate vasoconstriction
and shivering, both of which will increase core temperature.
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Evaporation: Evaporation is a more efficient method for cooling. This involves
repeated or continuous wetting of the whole body while simultaneously fanning
with air. An atomised spray or water spray will make the process even more
efficient. Alpha-adrenergic blocking drugs such as chlorpromazine can enhance
peripheral dilatation and cooling. However, these drugs should not be given until
the cardiovascular system is stable.

Conduction: Gastric or bladder lavage with cold fluid will reduce the core
temperature.

Extracorporeal techniques: Techniques such as continuous haemofiltration
may be suitable for rapid cooling. The lines and filter can be surrounded by cool
fluid. The patient may also be dialysed against cooled dialysate.

Other measures

» Monitor urine output.

« Give blood products, as necessary, to correct any coagulopathy.

» Urgent dialysis may be necessary to correct acid base, potassium or phos-
phate disturbances. Intravenous calcium and phosphate replacement can cause
widespread precipitation in many tissues, especially muscle, and should be
avoided acutely.

» Mannitol at 0.3 g/kg may prevent precipitation of myoglobin in renal tubules.

« Treat convulsions, shivering and excessive muscle activity in order to limit
further temperature increases.

 Dantrolene has been shown to be ineffective for treatment of heatstroke.

Malignant hyperthermia

Malignant hyperthermia (MH) is a condition that occurs in association with the
use of anaesthesia in genetically susceptible patients. It is an inherited disorder
of calcium transport and calcium binding by cell membranes, associated with
hyperpyrexia and hypermetabolism.

Clinical features

Malignant hyperthermia typically occurs after induction of anaesthesia, espe-
cially with succinylcholine and volatile anaesthetic agents. These patients develop
rigidity and hypermetabolism. Poor relaxation and exaggerated fasciculation can
occur after succinylcholine. Other features include a steady rise in the end-tidal
COy, tachycardia, fluctuations in blood pressure (BP), arrhythmias, sweating,
tachypnoea, cyanosis and skin mottling.
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Cardiac arrest, secondary to ventricular arrhythmia, can occur and later com-
plications can include coagulopathy, acute renal failure, rhabdomyolysis, pul-
monary oedema and cerebral oedema.

Non-anaesthetic related reactions are much less common but can be triggered
by vigorous exercise, hot weather, muscle trauma, infection, shivering and, per-
haps, emotional stress.

Laboratory abnormalities

» Marked metabolic acidosis.

* Respiratory acidosis.

» Hyperkalaemia.

e Hypermagnesaemia.

« Acute renal failure.

 Massive rise in creatinine phosphokinase (CPK).
» Myoglobin in urine and serum.

» Coagulopathy and thrombocytopaenia.

Diagnosis
The clinical diagnosis must be made immediately because of the life-threatening
nature of this condition.

A definitive diagnosis requires eliciting a family history and muscle biopsy
studies.

Management

1 Aneffective treatment protocol and appropriate drugs must be readily available
at all sites where anaesthetics are used.

2 Cease the use of suspected anaesthetic agents. Commence narcotics if anaes-

thesia is still needed. Induction agents and local anaesthetics may also be used.

Terminate surgery as soon as possible.

Give 100% oxygen and hyperventilate.

Change to a vapour-free anaesthetic machine or non-rebreathing circuit.

5 Dantrolene: Initially give 2 mg/kg measuring end-points such as central tem-
perature, heart rate and muscle rigidity. Subsequent doses may be required
every 5 minutes up to 10 mg/kg. Further doses every 10-15 hours (half-life
10 h) should be continued until all evidence of MH has disappeared. It is
important that dantrolene is given early while there is still muscle perfusion.

6 Institute cooling, as described previously. In summary, this may include:

* cooled IV fluids

« spraying with water and fanning

« intragastric or intraperitoneal cooling

« anextracorporeal circuit for cooling (e.g. haemoperfusion circuit with cooled
filter or cardiopulmonary bypass).

= W
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7 Monitoring
« ECG
. BP
e urinary output
o central temperature
Frequent monitoring of the following:
« arterial blood gases
« electrolytes
« blood sugar
« renal function tests
« coagulation tests
o haematocrit.

8 Sodium bicarbonate (1 mmol/kg) may be necessary.

9 Arrhythmias: Procainamide, propranolol and verapamil have all been used
successfully.

10 Avoid cardiac glycosides, calcium, quinidine and catecholamines, as they may
perpetuate MH.

Further management: These patients must be tested and have the condition care-
fully explained to them so that they can avoid the use of precipitating agents during
any future anaesthesia. The families must also be screened and counselled.

Neuroleptic malignant syndrome

Neuroleptic malignant syndrome (NMS) is a rare idiosyncratic reaction to certain
drugs such as the phenothiazines and butyrophenones. It has many features in
common with MH — fever, rigidity and a high CPK. Dantrolene is useful in both
and each has abnormal muscle contractility tests. There are two theories of the
aetiology, a central hypothalamic disorder plus or minus a peripheral muscular
mechanism.

There are major and minor diagnostic criteria:

Major criteria are hyperthermia, rigidity and a high CPK.
Minor criteria are hypertension, tachycardia, tachypnoea and change in level of
consciousness.

Clinical features

« Slow onset (24-72 h) of increased muscle rigidity and akinesia, involuntary
movements and fluctuating tremor. Extrapyramidal symptoms are features of
NMS, especially lead pipe rigidity.

» Hyperpyrexia, usually more than 39 °C.

¢ Variable levels of consciousness (normal to coma).
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 Autonomic dysfunction (e.g. tachycardia, tachypnoea, labile BP, diaphoresis
and incontinence).

« Differential diagnosis includes any febrile illness superimposed on a
neuroleptic-induced dystonic reaction, neuroleptic-related heatstroke, MH and
severe dystonic reactions.

Laboratory abnormalities

» Rhabdomyolysis is almost always present with an increased CPK concentration.
» Myoglobin is present in blood and urine.

o Acute renal failure occurs in about half of all cases.

 Leucocytosis is common.

o Abnormal liver function tests.

Drugs implicated in NMS

« Phenothiazines.

« Thioxanthenes.

» Amantadine.

« Novel antipsychotic drugs, clozapine and risperidone.
 Butyrophenones.

Neuroleptic malignant syndrome can occur after first use of the causative drug
or at any time during its administration, even years after it has been commenced.
Neuroleptic malignant syndrome is likely to recur if the drugs are given again.
These patients probably should not have drugs that predispose to MH.

Management

o Cease giving any likely offending drug and transfer the patient to an ICU.

« Control the airway, breathing and circulation as for heatstroke.

« Cooling should be instituted as for heatstroke, if necessary.

 Dantrolene sodium has been reported as being successful in NMS, probably
because of the similarity between this syndrome and MH. It has been used
in dosages of 1-10 mg/kg, either orally or IV, as a single dose or for several
days.

» Bromocriptine (oral dosage 7.5-30 mg/day for several days) has also been
used successfully. There are theoretical synergistic effects when dantrolene
and bromocriptine are used together and no serious side effects have been
reported.

Outcome: The mortality has been found to be up to 20-30%.
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Transport of the seriously ill

« Experienced personnel must transport patients.

 Equipment should be simple and robust.

* The level of monitoring during transport must be at least as comprehensive
as in the ICU.

It is crucial to maintain the same high standards of intensive care for seriously
ill patients during transport as during their stay in the ICU. This necessitates the
following:

1 A high standard of medical and nursing care must be maintained during the
transport. The staff not only must be skilled in caring for seriously ill patients
but also must have had specific experience in transporting these patients.

2 Equipment and monitoring must be appropriate. The level of monitoring must
be at least as comprehensive during transport as when the patient is in the ICU.
In determining the equipment and drug supply, one not only must take into
account the immediate support for the patient but also must be prepared for
the unexpected, such as blocked endotracheal tubes (ETTs), ventilator failure,
increased need for sedation and cardiorespiratory deterioration.

It is in the interest of every intensivist to ensure the most efficient and rapid
transfer of patients to and from other sites or institutions. Suboptimal treat-
ment and deterioration during transfer can adversely affect the patient’s
ultimate outcome.

Equally, it is crucial to maintain high standards during transport within the
hospital. It is no longer good enough to send the least experienced and most
junior members of staff on these journeys. Transport of the seriously ill requires
experienced staff.
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Retrieval

Primary retrieval

Primary retrieval involves transportation from the site of an incident to a site
of definitive medical treatment. It often includes rescue or extraction from dif-
ficult terrain or from damaged vehicles. Primary retrieval usually is performed
by ambulance personnel or a paramedical service. Depending on the level of
sophistication of that service, medical personnel may also be involved.

Secondary retrieval

Secondary retrieval involves transport of a patient from a primary centre to a
secondary or referral centre. With increasing rationalisation and centralisation of
expensive resources in the ICU, secondary retrieval is becoming more common.

Retrieval system

A retrieval network must be well organised and must have adequate facilities for
data collection and peer review in order to monitor the efficiency of the system.

Communication

A comprehensive and integrated communication network is essential. The re-
ferring and receiving hospitals need to communicate with each other and with
the retrieval team and transport facility. Often there is a co-ordination centre to
facilitate communication.

Retrieval teams

It is essential that the retrieval team includes medical staff who not only can
deliver intensive care medicine equal to the standard of the receiving centre, but
also are familiar with the problems associated with various modes of retrieval
(e.g. aviation medicine). The team should also include a nurse or assistant with
experience in intensive care medicine and retrieval.

Education, data collection and peer review

There is no point in devoting all effort and resources solely to the medical re-
trieval system and the receiving centre. The basic principles of initial resuscitation
must be implemented at the site of first contact with the patient. This involves
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a comprehensive education system, data collection facilities and peer review in
order to locate and correct weak points in the system.

Stabilisation

A patient must be resuscitated before transport is undertaken. If, for example,
in a patient with multitrauma, the abdomen is expanding and it is difficult to
maintain the arterial blood pressure with intravenous fluid, an immediate laparo-
tomy is needed before transport. If the patient is unconscious and there is doubt
about the airway, intubation should be carried out before transport. Pneumotho-
races must be drained and other life-threatening conditions corrected. Procedures
such as these are best attended to before transport. Detection and treatment of
such conditions are difficult in the back of an ambulance or during air trans-
port. Once such problems are under control, the attending team can then de-
vote attention to monitoring and maintaining cardiorespiratory stability during
transport.
Before transport, the medical team must attend to the following matters.

Airway: Intubate if there is any doubt.

Ventilation: Institute artificial ventilatory support with an appropriate fraction
of inspired oxygen (FiO,), especially in the presence of head or chest injuries.

Circulation: Ensure adequate fluid resuscitation with blood if necessary. Take ad-
equate reserves of further blood or fluid for use during transport. Arrhythmias
should be diagnosed and treated and the circulation supported with inotropes
if necessary.

History: The history of the event is important, as it may point to potential injuries
or other associated injuries (e.g. high speed motor vehicle crash and widened
mediastinum).

Examination: The patient must be thoroughly examined from head to foot, noting
vital signs (e.g. arterial BP, respiratory rate, pulse rate, temperature, urine
output, peripheral perfusion), assessing stability and looking for other injuries.

Venous access: Short, wide-base cannulae are more appropriate than central lines
for use during transport. Measurement of central venous pressure (CVP) is not
necessary during initial resuscitation and transport. If inotropes or other drugs
such as concentrated potassium are needed, then a long line from the cubital
fossa, rather than a central line placed from the upper chest or neck, should
be inserted in order to avoid the possible complication of pneumothorax,
especially during flight.

Mechanics of fluid infusion: Under normal circumstances, a hydrostatic head of
more than 75 cmH, O is sufficient for adequate fluid flow into a peripheral vein.
A motorised syringe pump with optional battery pack is the most appropriate
method for delivering concentrated drugs such as inotropes, vasodilators and
drugs for sedation and pain relief.
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Pleural drains: A chest x-ray to confirm placement of drain lines must be per-
formed before transport. A flutter valve, such as the Heimlich design, is usually
used, rather than an underwater drainage system. Although the Heimlich valve
is more convenient and overcomes the problem of having to place the under-
water drain below the patient during transport, the lips of the flutter valve can
become blocked if it is contaminated by blood or other fluid.

Cardiorespiratory monitoring

Monitoring can be difficult during transport. Outside noise, vibration and move-
ment can make even simple clinical observations very difficult (e.g. chest rising
with respiration and palpable pulse). Monitoring equipment can be similarly
affected. However, there are now robust, portable, battery-operated monitors
that work reliably under these conditions. The minimum equipment list should
include capabilities for the following:

» Continuous ECG monitoring.

« Invasive/non-invasive determination of the BP, adult and paediatric cuffs.
« Pulse oximetry, with finger and multisite sensors.

 End tidal CO, determination, especially for ventilated head injury patients.
« Disconnect alarm.

« Airway pressure monitoring.

» Oxygen failure alarm.

Other equipment

Intubating equipment (laryngoscopes, adult and paediatric, Guedel airways,
Magill forceps).

ETTs (neonate to adult sizes).

Emergency percutaneous airway set.

Chest drains (Heimlich valves, paediatric to adult sizes).

Portable suction equipment and catheters.

Manual ventilating system.

Oxygen masks.

Portable oxygen.

Disposable humidifiers.

Defibrillator and spare batteries.

Syringe pumps, battery powered.

IV fluids, cannulae, giving sets.

Syringes, needles, non-return valves.

Nasogastric (NG) tubes and bags.

Urinary catheters and bags.
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Table 12.1. List of drugs needed for transport of the seriously ill
adrenaline 1:10000 10ml x 5 thiopentone 500 mg
adrenaline 1: 1000 Imlx5  water 20 ml
amiodarone 300 mg salbutamol 500 pg
atropine 1.2 mg dextrose 50% 50 ml
calcium lg NaHCO; 8.4% 50 ml
frusemide 40 mg neostigmine 2.5 mg
lignocaine 150 mg morphine 10 mg
dopamine 200 mg naloxone 4 mg
isoprenaline 1.0 mg midazolam 5mg
magnesium sulphate 20 mmol diazepam 10 mg
verapamil 20 mg vecuronium 10 mg powder
metoprolol 5mg ketamine 200 mg
NaCl (flushing) 10 ml suxamethonium 200 mg
potassium chloride 10 mmol 10 ml (replace weekly in
digoxin 500 g summer and

biweekly in cooler
weather)

Drugs

Table 12.1 contains the minimum ranges of drugs needed for transport of the
seriouslyill. The numbers of the various ampoules of the drugs carried will depend
on the length of the journey and the type of patient.

Mode of transport

The decision to use road transport, fixed wing aircraft, helicopters or even water
transport depends on many factors. The patient’s condition and the urgency for
definitive treatment or investigation are the most important factors. However,
other factors include distance between the two points, local geography, weather
and visibility, adequacy of roads, facilities for air transport and comparative costs.

Intrahospital transport

The principles of transport, whether travelling thousands of kilometres between
hospitals or taking a patient from the ICU to the computerised tomography (CT)
unit, are the same. The patient must be stabilised before transport and the clinician
accompanying the patient must be experienced in the principles of intensive care
medicine as well as transport. The list of drugs and equipment to be carried during
intrahospital transport is almost the same as for retrieval. Some items, such as
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TROUBLESHOOTING

Transporting the ICU patient around the hospital

Checklist
Do we really need to subject the patient to transport?
Why is the patient having this investigation?
How will it change their case if it is positive/negative?
A Airway — stable/secured.
B Breathing — will the patient be able to be ventilated on a transport ventilator?
Oxygen/air cylinders full?
Check arterial blood gases and latest chest x-ray.
Check chest drains are well secured.
C Circulation — is the rhythm stable?
What cardiovascular system parameters are being aimed for?
If the BP drops — fluid or inotropes?
Extra syringes of all inotropes and extra pump.
D Central nervous system — does the patient need extra analgesia/sedation?
How will you monitor the intracranial pressure during transport?
E Check the latest laboratory results.
F Secure the patient well.
G Check drugs — what they are, when they need to be given?

Monitoring
Minimum:
Disconnect alarm.
Sa0, ETCO,.
Reliable BP.
ECG.
Intracranial pressure (if being monitored).
Before you move the patient, check you know where everything is, the patient is
stable and you have enough help — extra nurses, wardsmen, consultant if required!

NG tubes and urinary catheters, are, of course, unnecessary for intrahospital
transport, but appropriate equipment and drugs must accompany the patient in
case of an emergency or equipment failure. A standard form of monitoring and a
dedicated mobile bed will make intrahospital transport a simple and safe routine,
rather than a hazardous venture.

FURTHER READING
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Infection

 Endogenous sources of nosocomial infections are far more common than
an exogenous source.

* The use of antibiotics is only one part of the management of sepsis. The
source of the sepsis must be relentlessly sought and treated.

* Avoid broad-spectrum antibiotics and prolonged antimicrobial treatment
where possible.

Source of infection

Primary infection

Infections acquired outside the hospital are considered to be primary or
community-acquired infections. Such infections include pneumonia, tetanus,
acute epiglottitis, urinary tract infection (UTI) and meningoencephalitis. These
are usually well-defined entities with accepted norms for their diagnoses and
treatment.

Nosocomial infection

Nosocomial infections are hospital-acquired infections and represent a major
problem, especially in the ICU. Our current knowledge about the diagnosis and
treatment of these disorders is not as extensive as our knowledge of primary
infections.

Exogenous infection

Exogenous infections originate from the hospital environment. Patients can ac-
quire such infections either by an airborne route or by direct contact. The ICU
is an environment where significant cross infection can occur. This is usually
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discovered when several patients develop infection with a particular species of
organism, such as methicillin resistant Staphylococcus aureus (MRSA) or resistant
gram-negative rods.

Essential precautions: The single most important intervention to reduce
cross infection is hand washing before and after contact with each patient. The
compliance with hand washing is poor with all health-care workers but doctors are
amongst the worst offenders. Strict aseptic conditions for all invasive procedures
are also essential.

Equivocal precautions:

Plastic aprons.

Isolation rooms.

o Laminar flow ventilation.

Individual stethoscope for each patient.

Very doubtful precautions:

« Shoe covers, sticky or disinfectant mats.

Surface disinfectant on floors.

Changing clothes before entering the ICU.

» Routine examinations of environmental cultures.

« Routine changing of infusion systems every 24 hours.

Inline bacterial filters.

Nose and throat cultures from staff, except during epidemics.

Routine sterilisation of internal ventilatory machinery between patients.
Banning of flowers in the ward.

Disinfection of sinks and drains.

Endogenous infection

These are the most important kinds of nosocomial infections in the ICU, and they
account for most episodes of septicaemia. They pose one of the most common
and most serious problems amongst the critically ill.

The normal microbial flora of the human body includes organisms found in the
alimentary tract, upper respiratory tract, female genital tract and skin. The three
stages of endogenous infection in the ICU are colonisation of normally sterile
areas, followed by colonisation of major organ systems such as the respiratory
tract and bladder and, finally, overt infection.

Colonisation: presence of microorganisms without tissue invasion and injury.

Infection: invasion of tissues by microorganisms with tissue injury.

A patient’s own organisms usually cause nosocomial infections. For example,
coliforms colonise the gastrointestinal tract, exacerbated by alkalinisation of the
stomach (Table 13.1). Antibiotics, especially broad-spectrum antibiotics, change
the microbial environment by selectively killing some organisms. Thus the orig-
inal flora is replaced by a new range of otherwise harmless organisms, such as
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Table 13.1. Common organisms causing nosocomial infections

Staphylococci
Staphylococcus aureus
MRSA

Coagulase negative Staphylococcus spp.

Streptococcus pyogenes

Enterococcus spp.

Coliforms
Escherichia coli
Klebsiella spp.
Proteus spp.
Enterobacter spp.
Serratia spp.
Acinetobacter spp.

Pseudomonas spp.

Fungi

Table 13.2. Nosocomial infection sites

Site Approximate incidence (%)
Urinary tract 30
Generalised septicaemia 20
Pneumonia 20
Skin and subcutaneous tissue 10
Upper respiratory tract (including sinusitis) 10
Wound infection 10

fungi and Pseudomonas species, that often are resistant to antimicrobials. These
microorganisms are equally as dangerous to a seriously ill patient as the organisms
for which the antibiotics were originally prescribed, and often they are markers
of unwise use of antibiotics. The host may have been immunocompromised
as a result of invasive procedures, malnutrition and immunosuppressive drugs
(Table 13.2), rendering such a patient more susceptible to infection from other
benign organisms. The microbiological ecology of the patient should be carefully
considered and empirical antibiotic treatment with broad-spectrum antibiotics
should be avoided wherever possible. Although most clinicians and microbiolo-
gists will agree with these principles, in practice they are often ignored.

Guidelines for controlling nosocomial infection
o Determine the incidence and type of nosocomial infections in your ICU.
« Rigorously encourage hand washing before and after treatment of each patient.
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Figure 13.1. Potential complications of bacterial overgrowth in the stomach. GIT,
gastrointestinal tract.

Limit the number of invasive procedures and the insertion times for intravas-
cular devices.

Resuscitate early and aggressively. Examine cultures of sputum, urine and blood
routinely, as well as those for wounds, cerebrospinal fluid (CSF), peritoneal fluid
and other sites when necessary.

Always manage the patient sitting up to avoid nosocomial pneumonia (Figure
13.1).

Make every effort to culture organisms before antibiotics are given.

Use narrow spectrum antibiotics where possible.

If antibiotics are having no effect within 3-5 days, stop and reculture. Differ-
entiate between normal flora, harmless colonisation (particularly Pseudomonas
species and fungi) and clinically significant infections.

The use of antibiotics will change the microbial ecology and encourage the
development of resistance. Use them sparingly, for short, sharp bursts.
Review the findings from cultures and rationalise antibiotic treatment daily.
Everyone pays lip service to good microbiological practice and wise use of
antibiotics. It is crucial to incorporate all these principles into your own clinical
practice.
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Table 13.3. Some suggested definitions related to sepsis

Although there are no universally agreed definitions for clinical syndromes related to
sepsis, here are some guidelines.

Bacteraemia: positive blood culture.

Sepsis: the systemic response to infection (e.g. tachypnoea [respiratory rate > 20
breaths/ min], tachycardia [HR > 90/min], hyperthermia [> 39 °C] or hypothermia
[<35.5°C)).

Sepsis syndrome: sepsis with evidence of organ dysfunction (e.g. altered level of
consciousness, hypoxia, renal failure, jaundice).

Septic shock: sepsis syndrome with hypotension, despite adequate fluid resuscitation,
along with evidence of reduced perfusion (e.g. oliguria, lactic acidosis).

Septicaemia: used interchangeably with ‘sepsis’, ‘sepsis syndrome’ and ‘septic shock’.

Refractory septic shock: septic shock unresponsive to fluids and inotropes.

Systemic inflammatory response syndrome (SIRS): two or more of the following:

Temperature > 38.0 °C, or temperature < 36 °C

Heart rate > 90 beats/min

Respiratory rate > 20/min or PaCO, < 32 mmHg (4.5 kPa)

White cell count > 12 x 10°/L, or more than 10% immature forms

 Limit perioperative prophylactic antibiotic regimens to less than 24 hours.
Single-dose prophylaxis is appropriate in most cases.

« Avoid routine use of systemic antibiotics for prevention of postoperative pneu-
monia.

o Improve immune status of patient if possible (e.g. nutrition, prevention of renal
failure, rapid resuscitation, avoidance of drugs that could compromise immune
function, such as barbiturates, anaesthetic agents and corticosteroids).

« Work closely with your own microbiology department and encourage daily
ward rounds with a specialist in infectious diseases if possible.

Septicaemia

The term ‘septic’ shock strikes fear in the heart of even the bravest inten-
sivist. The mortality from septic shock remains around 50%. The term ‘septic
shock’, ‘septic syndrome), ‘sepsis’ and ‘septicaemia’ are often used interchangeably
(Table 13.3). The term usually refers to evidence of infection accompanied by
signs of systemic involvement and altered organ perfusion such as an altered
level of consciousness, hypoxia and oliguria. Positive findings from blood cul-
tures are not necessarily the rule. In fact, sepsis can occur in association with
bacteraemia, viraemia, fungaemia or endotoxaemia or, indeed, without evidence
of any microbes at all. It remains one of the most common and most difficult
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Figure 13.2. The inter-relationship among systemic inflammatory response syndrome
(SIRS), sepsis and infection. Reprinted by permission of ACCP/SCCM Consensus
Conference. Bone, R.C. Definitions for sepsis and organ failure and guidelines for the use
of innovative therapies in sepsis. Chest 101 (1992): 1644-55.

disorders to treat in intensive care. Cases of sepsis or septicaemia represent in-
flammatory responses to a variety of insults including non-infectious insults such
as pancreatitis, ischaemia, multitrauma, tissue injury, haemorrhagic shock and
immune-mediated organ injury. It has been suggested that because the host re-
sponses are the same, regardless of whether the cause is infective or non-infective,
the term should be changed to ‘systemic inflammatory response syndrome (SIRS)
(Figure 13.2). The terms ‘sepsis’ and ‘septicaemia’ will be used synonymously in
this chapter. There are, however, efforts being made to agree on stricter termi-
nology (Table 13.3). Sepsis is characterised by a pro-inflammatory response and
simultaneously, an anti-inflammatory response, aimed at dampening the initial
pro-inflammatory insult. The pro-inflammatory response results in activation of
multiple biological cascades including:

« Inflammatory mediators (e.g. cytokines, chemokines, lipid mediators).
o Coagulation/fibrinolysis system.

The anti-inflammatory response may predominate in some patients resulting
in ‘immune paralysis’ which may worsen outcome. On the other hand, if the
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Table 13.4. Features of septicaemia

Clinical
Decreased level of consciousness or confusion
Fever or hypothermia
Hypotension
Tachycardia and bounding precordium
Tachypnoea
Oliguria
Jaundice
Ileus
Stress ulceration

Laboratory and monitoring
Manifestations of organ failure
Respiratory (e.g. hypoxia)
Kidney (e.g. increased urea and creatinine)
Cardiac (e.g. supraventricular tachycardia)
Liver (e.g. increased bilirubin)
Metabolic (e.g. hyperglycaemia)
Haematological (e.g. ‘toxic’ changes in white cells)

pro-inflammatory response is allowed to dominate unchecked, complications
such as multiorgan failure (MOF) may result.

Clinical features of septicaemia

The pathophysiology of septicaemia involves all systems. Consequently, sepsis
usually presents as MOF. The initial sign in sepsis is peripheral vasodilatation,
with a compensatory increase in cardiac output. Other cardiovascular changes
occur before hypotension. These include increases in cardiac output; increases
in pulmonary vascular resistance; decreases in systemic vascular resistance; and
disturbances in oxygen delivery (O,) and oxygen consumption (VO,). These
changes continue throughout the septic episode (Table 13.4). Low cardiac output
in sepsis is rare, even in the latter stages.

Consistent clinical signs of sepsis are abounding precordium and a pulsating
neck, often visible from the end of the bed.

Patients with sepsis develop abnormalities of cardiac function, even in the early
hyperdynamic phase and in the presence of a high cardiac output. Manifestations
of depressed myocardial function include ventricular dilatation, diminished left
and right ejection fractions and altered diastolic pressure volume relationships.
The mechanism of depressed myocardial function has not, as yet, been fully
elucidated, but the inflammatory mediators of sepsis may be involved. Pro-
cesses other than peripheral vasodilatation which occur in the peripheral cir-
culation, include redistribution of blood flow, intravascular pooling, increased
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Table 13.5. Haemodynamic response to sepsis

Cardiac function | Blood pressure
4 Cardiac index, | SVR, | LV ejection fraction
J Left ventricular end-diastolic volume
1| Preload
Loss of vasomotor tone, splanchnic pooling
4 Microvascular permeability, | circulating blood volume
| Contractility
Myocardial depressant factor
Often masked by | LV afterload
| Coronary blood flow
Regional distribution of ~ Loss of vasomotor tone
blood flow Vasodilatation
Redistribution of blood flow (balance between local tissue
mechanisms and central mechanisms is disturbed and local
autoregulation malfunctions)
Micro-circulation Vasodilatation
Microemboli
Endothelial cell injury
Tissue O, extraction is decreased, diffusion distance for
oxygen is increased capillary recruitment

microvascular permeability and microembolisation (Table 13.5). Despite eleva-
tions in cardiac output and DO,, tissues cannot extract adequate oxygen. Cells
produce lactate and other signs of tissue dysfunction begin to appear.

The exact mechanism for ineffective peripheral tissue metabolism is un-
known. The proposed mechanisms have included inadequate fluid resuscitation,
anatomic shunting, enzyme inhibition, a left shift of the oxygen dissociation curve
and a primary inability of cells to utilise oxygen. Currently, the major dysfunction
is thought to be at the microcirculatory level — vasodilatation, microembolisa-
tion and endothelial cell injury. Tissue oedema resulting from cellular injury and
inappropriate fluid administration can further impair oxygen diffusion by in-
creasing the diffusion distances and compressing capillaries. A reduced capacity
for peripheral extraction of oxygen is the likely basis for the postulated abnormal
dependence of VO, on the supply. The exact relationship between DO, and VO,
in the presence of sepsis has not yet been determined.

Large numbers of mediators have been suggested as being activated by the
presence of microorganisms. These mediators may be responsible for much of
the pathophysiology of sepsis. These include cytokines, eicosanoids, complement,
cyclo-oxygenase and lipo-oxygenase products and effector substances from gran-
ulocytes and platelets (Figure 13.3). This area of research is one of the most active
in intensive care. However, the clinical implications are, as yet, unclear. For more
details, see the publications cited at the end of this chapter.
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Nidus of infection —» Organism ——» Exotoxin Plasma
Abscess TSST-1 \ Monocytes or macrophages
Pneumonia Toxin A / Endothelial celis
Peritonitis Structural Component Neutrophils
Pyelonephritis Teichoic acid antigen
Cellulitis Endotoxin

Endogenous mediators

Cytokines Arachidonic acid metabolites
Tumour necrosis factor Cyclooxygenase Prostaglandins
Interteukin-1,2,6, 8... Lipoxygenase Leukotrenes

Platelet-activating factor Complement C5a

Endorphins Kinin

Endothelium-derived relaxing factor Coaguiation

Myocardial depressant substance
|

Myocardium Vasculature Organs (kidney, liver, lung, brain)
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Figure 13.3. Pathogenic sequence of events in patients with septic shock. Reprinted by
permission of Parrillo, J.E. Pathogenetic mechanisms of septic shock. New England
Journal of Medicine 328 (1993): 1471-7.

Free radical nitric oxide (NO) is produced from arginine and mediates vascu-
lar relaxation via cyclic guanosine monophosphate (cGMP). It is suggested that
cytokines can induce the enzyme NO synthase (NOS), leading to excess produc-
tion of NO and hence profound hypotension unresponsive to catecholamines.
Trials using NOS inhibitors to reverse the vasodilatation of sepsis have so far not
resulted in improved outcomes.

Other features

Temperature disturbances

Fever is common, but it is not an inevitable sign of sepsis. Central temperature
should be measured 4-hourly and plotted graphically, so that a swinging fever
can be detected — this is a valuable guide to an occult source of sepsis. Fever can
also be associated with drugs (including antibiotics), malignancy or non-infective
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inflammatory process. However, hypothermia occurs in up to 10% of patients
with sepsis and is associated with a worse prognosis.

Nausea, vomiting, diarrhoea
These are very common features of sepsis in conscious patients and may be
manifested as increased nasogastric (NG) aspirate in the unconscious.

Clouding of the level of consciousness

Consciousness is almost always depressed in patients with sepsis, even before the
arterial blood pressure falls. The blood—brain barrier is damaged and the cerebral
metabolic rate increases. These changes are reversible.

Hyperventilation and hypoxia

The development of acute lung injury (ALI) is often a marker of infection. It is a
common accompaniment of septic shock and MOF (see Chapter 9). Tachypnoea
and respiratory alkalosis are amongst the first signs of systemic sepsis.

Supraventricular arrhythmias
Atrial fibrillation (AF) and supraventricular tachycardia (SVT) occur in at least
40% of all patients with septic episodes.

Jaundice

Jaundice occurs frequently during septic episodes and is related to hepatocellular
dysfunction. It is of uncertain aetiology and is reversible, resolving as the sepsis
resolves. Biliary obstruction and alcalculous cholecystitis must be considered in
the differential diagnosis if the underlying cause of sepsis is not obvious.

Gastrointestinal bleeding

Signs of sepsis include a low gastric pH and mucosal bleeding. Restoration of
the circulating volume is crucial. Prophylactic treatment should be instituted
and NG feeding should be commenced whenever possible.

Metabolic disturbances
Glucose intolerance: Glucose intolerance is very common during sepsis. Insulin
usually is not necessary unless the serum glucose is more than 10 mmol/L, when
neutrophil function can be compromised. Hyperglycaemia is primarily caused
by gluconeogenesis, although there is also a relative insulin resistance.
Catabolism, proteolysis or ‘auto-cannibalism’ and wasting are universal fea-
tures of sepsis and cannot be greatly modified by parenteral nutrition (see
Chapter 5).
Fat: Increasing lipolysis and increasing concentrations of free fatty acids are
initial features, followed by decreased triglyceride clearance.
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Coagulation disorders

Thrombocytopaenia: Thrombocytopaenia is common and is due to marrow
suppression and increased peripheral consumption. Though often severe
(< 30 000/mm?), it is reversible, usually is not clinically significant and does
not require transfusion.

Coagulopathy: Coagulopathy is very common, but rarely severe, except in
specific types of septicaemia such as meningococcal or pneumococcal infection.
Fibrin levels are often increased, partial thromboplastin time is increased and fib-
rin degradation products (FDPs) or d-dimer levels are equivocal. The associated
disseminated intravascular coagulopathy is usually mild, rarely requires active
management and resolves when the sepsis is controlled.

Renal insufficiency

Renal failure is a frequent and dreaded accompaniment of sepsis. The pathophys-
iology is uncertain. It often presents as oliguria and uraemia, but it can also be
non-oliguric (see Chapter 26).

Diagnosis

The diagnosis of sepsis is made on the basis of a cluster of the foregoing features,
especially in combination with a defect in the host’s defence mechanisms such
as occurs in the presence of acute renal failure and granulocytopaenia. Immune
depression is also a feature of the critically ill or nutritionally depleted patients.
The presentation of sepsis is quite variable, with some features being more promi-
nent than others in different patients. The history of the event is very important
even if not immediately available. Take the time to get a detailed description from
relatives, emergency department staff and ward staff. Pay particular attention to
operation and anaesthetic notes, past microbiology and antibiotic history. This
history will make finding a source easier. Entities such as ‘cold’ (vasoconstricted)
or ‘warm’ (vasodilated) shock are host mediated, not organism mediated. Often,
‘cold’ sepsis simply represents an inadequately resuscitated, hypovolaemic pa-
tient. The diagnosis of septicaemia is made clinically. Investigations support the
diagnosis.

Blood cultures

The sensitivity of blood cultures is maximised by taking 30—40 ml/episode of
bacteraemia. This necessitates several sets percutaneously. Taking more than
50 ml only gives marginally more sensitivity and is discouraged. Sterilisation
of the skin before taking blood for culture is critical. Isolation of skin organisms
such as coagulase negative staphylococci (Staphylococcus epidermidis) creates di-
agnostic uncertainty. Skin organisms are the usual cause of contaminants, but
may also be a significant cause of certain types of infections, especially central line
infections. It is desirable to minimise contamination with good skin preparation.
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Povidone iodine takes several minutes to act. Alcohol base solutions of chlorhex-
idine or iodine are preferred, as they act immediately and have been shown to
significantly reduce contamination rates of blood cultures.

The findings from blood cultures are positive in less than 30% of patients with
septicaemia, either because of concurrent antibiotic treatment or because the host
response may be triggered by non-microbial factors.

White cells

The whole white cell count (WCC) is often elevated in sepsis but can be within
normal range or reduced. Leucopaenia indicates a poor prognosis. A consistent
finding in the presence of sepsis is ‘toxic’ changes in the white cells — toxic gran-
ulation, vacuolation, Dohle bodies, disintegrated or ‘moth eaten’ appearance of
neutrophils. Even when the WCCis normal in the presence of sepsis, these changes
are almost invariable.

Other investigations

Identification of a septic source is paramount. Further investigations are per-
formed in order to identify the septic site.

Relevant cultures (e.g. sputum, urine, CSF, wound, dialysate)
Specialised techniques may be necessary to isolate lung organisms.

Chest x-ray
Pneumonia or a lung abscess can be a primary source of infection. Acute lung
injury is a non-specific accompaniment of sepsis from any site.

Invasive catheters
Take a culture from the tip or intradermal section.

Sinusitis

Perform a lateral skull x-ray, CT scan or ultrasound to exclude sinusitis associated
with a NG tube or nasotracheal (NT) tube. This is often overlooked and is a
frequent cause of fever in ICU.

C-reactive protein
C-reactive protein is a sensitive marker of sepsis, especially if a baseline value is
known.

Serology

Serology usually involves testing for a rise in antibody titre. The difference be-
tween acute phase and convalescent phase serology findings usually has to be
more than four-fold. An elevated IgM antibody — (an acute phase specimen) may
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also be diagnostic. It is important that acute phase and convalescent phase sera
be titrated together in order to minimise laboratory error. Serology may be im-
portant when pneumonia, meningoencephalitis and myocarditis are thought to
be involved in the septic syndrome. Unfortunately, serology is usually useful only
retrospectively.

Imaging: ultrasound or CT scan

Imaging is mandatory if an abdominal source of infection is suspected. A CT scan
of the chest may sometimes demonstrate an abscess or consolidation not seen on
chest x-ray.

Nuclear medicine
Leucocyte or gallium scan are non-specific markers of an inflammatory response.

Diagnostic surgery
Early and aggressive surgery is often necessary for diagnosis and treatment —
especially in the presence of intra-abdominal sepsis.

Routine monitoring
The following are suggested guidelines for monitoring patients with septicaemia:

« Vital signs: BP, pulse rate, respiratory rate and temperature.

» Continuous ECG and pulse oximetry.

e Urine output, hourly.

« Arterial blood gases and pH, twice daily.

« Blood sugar, 4-hourly.

o Chest x-ray, daily.

« ECG, daily.

« Platelet count, prothrombin time, fibrinogen, FDPs or d-dimers, daily.

« Renal function tests, daily.

« Liver function tests, daily.

« Invasive monitoring — e.g. monitoring intravascular filling with central venous
pressure (CVP), pulmonary artery wedge pressure (PAWP).

Definitive management (Table 13.6)

Underlying cause

Identify and remove underlying cause. Drainage or removal of the source of
sepsis is currently the most important aspect of treatment in septicaemia. No
stone can be left unturned in the search for the septic source, even if that means
multiple laparotomies or drainage procedures. Necrotic tissue as well as infected
tissue must be widely excised.
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Table 13.6. Management of septicaemia

Preventive
Rapid and efficient resuscitation
Handwashing between patients
Aseptic techniques
Strict and firmly enforced antibiotic policies
Avoid gastric alkalinisation for stress ulcer prophylaxis
Avoid immunosuppressive drugs and support immune system

Definitive
Drainage or removal of the source of sepsis
Antimicrobials

Supportive
Fluid - often needed in large amounts to maintain adequate circulating volume
Maintain haemoglobin >10 g/dl
Maintain PaO, to at least 60 mmHg (7.2 kPa)
High flow mask
CPAP
Artificial ventilation
Provide catecholamine support once intravascular volume is corrected.
Adrenaline/noradrenaline is a common first line choice for hypotension
or
Dobutamine for low output states
Digoxin, amiodorone or verapamil for supraventricular tachyarrhythmias
Prevention of stress ulceration
Nutritional support
Early dialysis if there is renal insufficiency

Antimicrobials

Antibiotics are discussed in more detail later in this chapter. Although antibiotics
have an undisputed role in certain primary or community-acquired infections,
their role in nosocomial infections is less clear. Any antibiotic will have some
influence on the flora found in patients in the hospital and in the community at
large. They lead to the selection of resistant organisms, which in turn demand
agents with an even broader spectrum. However, wide-spectrum antibiotics have
traditionally been commenced in a blind fashion, after blood and other cultures
have been taken. They have proved to be disappointing in the ICU, unless def-
inite bacteria have been isolated. Even then they are valueless, unless the source
of infection is attended to. If no specific bacteria are found, broad-spectrum
antibiotics are worth a trial for a definite and limited period. If there is no re-
sponse, they should be stopped and further attempts should be made to isolate
the organism. Increasingly the concept of ‘non-bacterial septicaemia’ is being ac-
cepted. In these cases we must question the validity of continuing blind antibiotic
therapy.
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Corticosteroids
Large doses are ineffective and harmful. There may be a role for small doses of
hydrocortisone in patients with demonstrated adrenal insufficiency.

Continuous haemofiltration/haemodialysis

These techniques have been demonstrated to improve some aspects of organ
function and survival in animal trials, presumably by filtering molecules which
are implicated in sepsis. Studies demonstrating efficacy in sepsis are awaited.

Other drugs

Human recombinant activated protein C has been shown to improve mortality in
patients with proven infection causing severe sepsis with at least one organ failure
and a high risk of death. Care should be exercised in patients with increased risk
of bleeding. The drug should not be used in patients who have a high risk of
imminent death and it should only be employed after attempted full resuscitation.
The absolute reduction in mortality, while significant, is not large. Use has so far
been restricted because of the drug’s extremely high cost.

Monoclonal antibodies directed against bacterial lipopolysaccharide or endo-
toxin have so far been ineffective. Similarly, anti-cytokines are ineffective. In view
of the complexity of sepsis and the fact that a single key mediator has not, as yet,
been identified, it is unlikely that a single ‘magic bullet’ will be successful.

Steroids are recommended for patients with severe sepsis, unresponsive to
catecholamines and who do not respond to a short synacthen test.

Supportive management

There is no guarantee that oxygen and substrates will be delivered through the
disordered microcirculation and even if they are, utilisation by damaged cells may
be impaired. Nevertheless, the mainstay of supportive treatment, as with other
forms of shock, is to optimise arterial oxygen content and tissue perfusion and
to match DO, delivery with VO, (see Chapters 8 and 16).

Arterial oxygen content
Oxygen delivery = Cardiac output x (Haemoglobin concentration x Oxygen
saturation x 1.34)

Haemoglobin: Maintain haemoglobin >10 g/dl. Patients without acute coro-
nary syndromes may tolerate haemoglobin as low as 8 g/dL.

Oxygenation: Adequate tissue concentration of oxygen is important for the
prevention and control of infection. Oxygen transport to the mitochondria from
the capillaries is driven by a pressure gradient. The PaO, should be kept as close
as possible to ‘normal’. Although we often accept partial pressures of around
60 mmHg (8 kPa), pressures close to the normal of 100 mmHg (13.3 kPa) are
necessary for optimal wound healing and resistance to bacteria.
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Monitor oxygen with regular determinations of mixed venous oxygen satura-
tion and lactate concentrations may also be useful.

High flow oxygen delivered via a conventional mask might be sufficient.

Continuous positive airway pressure (CPAP) has many advantages over arti-
ficial ventilation. Spontaneous respiration, either with a special mask or via an
endotracheal tube (ETT), should be maintained if possible.

If adequate ventilation is not possible with CPAP, artificial ventilation with
positive end-expiratory pressure (PEEP) may be necessary. Where possible,
techniques such as ‘pressure limited” ventilation or intermittent mandatory ven-
tilation (IMV) should be used, rather than intermittent positive-pressure venti-
lation (IPPV) and PEEP, in order to decrease the deleterious effects of increased
intrathoracic pressure.

Patients should be nursed in an upright position in most cases, in order to
achieve optimum oxygenation.

Maintain euvolaemic dehydration: That is, maintain a normal intravascular
volume while minimising interstitial overload in order to minimise tissue oedema
and maximise DO,.

Tissue perfusion

The key to cardiovascular support in patients with septicaemia is fluid volume
replacement, as the primary abnormality is vasodilatation.

It is crucial that one aggressively corrects cardiovascular impairment, as oxy-
gen utilisation is dependent on adequate tissue perfusion. It is not enough to
correct the intravascular volume to ‘normal’ levels, as the circulation is vasodi-
lated. Large infusions of fluid are usually necessary to achieve adequate cellular
perfusion.

Fluids: Colloid or blood, depending on the haemoglobin concentration, is the
most efficient means of resuscitating the intravascular space. Colloid or blood
will correct intravascular volume deficits more rapidly than crystalloids, will stay
in the circulation longer and will not cause as much pulmonary and peripheral
oedema.

Large amounts (200—-800 ml/h) of fluid may be needed to support the circula-
tion in patients with sepsis. Average requirements are about 100-200 ml/h.

The fluid challenge technique is the most effective means of estimating the
intravascular volume. Both before and after a bolus (200—500 ml) of fluid, measure
as many indicators of intravascular volume as possible (e.g. pulse rate, BP, CVP,
PAWP, urine output and peripheral perfusion). The patient’s response will give
an indication of the degree of hypovolaemia.

Cardiovascular measurements: Regular or continuous measurements of pulse
rate, BP, urine output and CVP are essential for manipulation of the cardiovas-
cular system in patients with sepsis. Pulmonary artery wedge pressure does not
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correlate well with left ventricular filling in patients with sepsis, but like CVP, it
is useful to show a trend and as a guide to filling pressures.

Hypovolaemia, vasodilatation and, more rarely, pump failure may occur si-
multaneously in the presence of sepsis. Determinations of cardiac output and
PAWP may therefore be useful. Determinations of VO, and DO, may be of help
in optimising cardiovascular support. Dual oximetry and continuous measure-
ment of mixed venous oxygen saturation (SvO,) may sometimes be useful for
determining adequate DO,.

Inotropes and vasopressors: Cardiac output, even in the advanced stages of
sepsis, is usually high and the peripheral vascular resistance low. In the presence
of reduced tissue perfusion, this represents a therapeutic dilemma. Maintaining
intravascular volume with fluid in the face of vasodilatation is the most important
manoeuvre.

Inotropes such as dobutamine and dopexamine cause vasodilatation and in-
creased cardiac output, which are already features of sepsis. However, in the
presence of demonstrated inadequacies of cardiac output and DO, and after cor-
rection of hypovolaemia and hypotension, these drugs may have a limited role.
Simultaneous estimations of DO, and demand may provide firmer indications
for the use of drugs such as dobutamine and dopexamine.

When hypotension is the main cardiovascular problem in a patient with sep-
ticaemia, a drug with combined inotropic and vasopressor activities, such as
adrenaline or noradrenaline, may be indicated. In moderate dosages, they seem
to increase the perfusion pressure for vital organs such as the heart, kidneys and
brain, without causing decreases in peripheral perfusion or renal blood flow.

 Adrenaline, 5-20 mg in 500 ml, titrated against the patient’s responses, com-
mencing at 0.5 pg - kg~! - min~! - Very high dosages may be necessary to
maintain the BP in patients with severe sepsis.

» Noradrenaline, 4-20 mg/500 ml, titrated against patient’s responses as for
adrenaline.

« Dobutamine, up to 10 pg - kg~! - min™!, is usually used to improve cardiac
output, in an attempt to match DO, with VO,.

Dopamine in higher doses has B and a spectra that are simulated by other
equally effective and cheaper drugs (e.g. adrenaline). There may also be a place for
vasopressin or one of its analogues (e.g. terlipressin) in patients with refractory
hypotension unresponsive to noradrenaline.

After the intravascular volume has been corrected, a combination of these
catecholamines may be necessary to maintain perfusion pressure and tissue blood
flow.

If the intravascular volume is maintained, peripheral perfusion will usually re-
main adequate despite the use of drugs with intense vasoconstrictive properties.
Occasionally there may still be ischaemia (e.g. gangrenous hands, with palpable
radial pulses) especially in infections such as meningococcal septicaemia. Drugs
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that might seem to be conceptually appealing in this situation have been univer-
sally disappointing (e.g. heparin, aprotinin, vasodilators, prostaglandins). There
is a resurgence of interest in corticosteroids in severe sepsis unresponsive to other
treatment, especially if there is doubt about adrenal function.

Supraventricular arrhythmias

Arrhythmias such as sinus tachycardia, SVT and AF are very common in patients
with sepsis. They often cause further cardiovascular compromise. Management
is discussed elsewhere.

Other measures

Use NG feeding if tolerated; otherwise use intravenous nutrition (IVN). If gastric
feeding is not tolerated, prokinetic agents can be used or small bowel feeding at-
tempted. Enteral immunonutrition may improve outcome in sepsis. Stress ulcer
prophylaxis should be commenced if gastric feeding is not tolerated. Blood sugar
levels should be controlled between 6 and 10 mmol/1. Vitamins should be given
and early dialysis should be considered if acute renal failure supervenes. Prophy-
laxis for venous thromboembolism should be used for septic patients. Low dose
unfractionated or low molecular weight heparins can both be used. The addition
of intermittent pneumatic compression or compression stockings may add extra
benefit.

Outcome

Despite the use of powerful antimicrobials and sophisticated life-support systems,
there continues to be a high incidence of septic shock with a mortality rate that
has remained around 50% for over 20 years.

Approach to the unidentified infection

Patients in the ICU often have signs of sepsis such as fever, leucocytosis, hypergly-
caemia, decreased level of consciousness, hypoxia, hyperventilation or jaundice.
None of these by itself necessarily means that a patient is septic. The diagnosis of
septicaemia is based on clinical criteria and the difficulties associated with that
limitation can be compounded by the fact that isolation of an offending microbe
often is not possible. There must be a methodical and relentless search for the
cause of infection (Table 13.7).

Blood culture

If possible, the diagnosis of sepsis should be confirmed by culture of an organism.
A search for the organism or site of sepsis must be made, including blood and
other routine cultures. Blood cultures should be taken from at least two sites
using an aerobic and anaerobic bottle. This will aid interpretation should skin
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Table 13.7. Approach to unidentified infection

(SR

Nl TN BN

10

11

12

13

14

Conduct a physical examination looking for features of septicaemia and possible sources.
Examine the mouth, teeth, wounds, catheter sites, heart sounds, abdomen, pressure areas and
peritoneal fluid if relevant. Examine the chest and listen for bronchial breath sounds.
Examine the patient’s back for perianal infections, pressure areas

and epididymitis in association with prolonged catheterisation.

Examine cultures from wounds, blood, sputum and urine — check Gram stain as well as
culture and sensitivity.

Chest x-ray for evidence of pneumonia.

If an intra-abdominal source of sepsis is suspected, an ultrasound or CT scan may be helpful.
Do not hesitate to re-explore wounds and perform repeated laparotomies for diagnostic and
therapeutic purposes if conventional investigations are negative.

Change intravascular lines and send for culture. Consider other invasive sites.

Consider other causes for fever, leucocytosis (e.g. pulmonary embolus).

Exclude acalculous choleystitis.

A CT scan of the chest will sometimes demonstrate an abscess or consolidation not seen on
chest x-ray.

Lateral skull x-ray, CT scan or ultrasound to exclude sinusitis associated with the NG or
nasotracheal tubes.

Exclude endocarditis or endovascular infection, particularly on venous side of circulation
with echocardiography.

Strategies such as endobronchial brushing, use of protected catheter culture, transbronchial
biopsy or open lung biopsy may be necessary for unidentified pulmonary lesions.

Indium III leucocyte scanning may be useful for soft tissue infection, intra-abdominal sepsis
or where there are no localising signs.

Viral infections — especially CMV and hepatitis B post blood product transfusion. Examine
paired serum cultures and/or use microscopy if suspected.

organisms be isolated. There is little value in collecting more than four sets of
blood cultures for one infective episode, unless infective endocarditis is suspected
when at least six sets should be taken.

Review of invasive lines

The diagnosis of catheter-related sepsis is made on the following basis:

1

2

Obvious clinical signs of local infection. Clinical signs usually occur late and are
more common with peripheral catheters than with central venous catheters.
As such, they are not necessarily good indicators of line-related sepsis.

Isolation of the same organism from blood cultures and from the removed
catheter segment is indicative of line-associated sepsis. The infected catheter
segment is often the intracutaneous segment, not the tip. Remember that
the catheter itself does not become infected. Biofilms consisting of multilay-
ered thicknesses of bacteria probably are deposited on many inorganic sur-
faces, such as vascular and urinary catheters. Removing the catheter does not
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necessarily equate with removing the infection, especially if there is associated
skin infection. The intradermal segment or intravenous (IV) thrombus will
remain contaminated. Another catheter should not, therefore, be inserted in
the same site, if it is obviously infected.

Change the catheter if there is any doubt and culture the organisms from
it. There are, as yet, insufficient data to be dogmatic about changing catheters
routinely.

Review other invasive sites (e.g. extraventricular drains, peritoneal dialysate,
pacemakers).

Peripheral intravascular lines should be changed routinely after 48 hours.

Pulmonary infections

Intrapulmonary shadowing seen on a chest x-ray is not specific. It can be related to
many different conditions, such as pulmonary oedema, ALI and aspiration, and
these cannot be specifically differentiated from pneumonia on the basis of a chest
x-ray alone. A common dilemma in intensive care is to decide whether or not a
patient with chest x-ray shadowing and other signs of infection has pneumonia.
Pneumonia, in isolation, especially if it is nosocomial, rarely causes the clinical
picture of severe systemic sepsis. Chest x-ray shadows that clear quickly, or shift
position are less likely to be associated with pneumonia.

Positive findings on sputum cultures are common and usually reflect coloni-
sation rather than infection. This is especially common with gram-negative rods
including Pseudomonasspp., also with Candida albicansand Staphylococcus aureus
(including MRSA).

Although sputum cultures from intubated patients are routinely examined,
they correlate very poorly with the organism that causes pneumonia. This is
probably because the sputum of intubated patients rapidly becomes colonised.

Transtracheal specimens, bronchial washings, specimens from transbronchial
biopsy and ‘guarded’ bronchial specimens are more useful, but these secre-
tions still can reflect airway colonisation, rather than the actual infected lung
tissue.

Blood culture is an important way to isolate organisms that cause pneumonia.
It is the only common specimen that is specific, but it has low sensitivity.

Biopsy via a bronchoscope or open lung biopsy, thus obtaining tissue from
an obviously infected area, may be indicated in severe unresponsive pneumonia
of unknown origin. However, other concomitant factors (e.g. coagulopathy and
positive-pressure ventilation) may make this procedure hazardous.

Common organisms
Community-acquired pneumonia:

Streptococcus pneumoniae
Legionnaires’ disease
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Table 13.8. Causes of immunosupression

Primary immunodeficiency
e.g. T-cell dysfunction
Antibody production dysfunction
Diseases affecting immunity
e.g. Leukaemia, lymphoma, HIV, diabetes, liver and renal failure
Iatrogenic immunosupression
e.g. Drugs such as steroids or cytotoxics
Invasive lines
Miscellaneous
e.g. Nutritional deficiency
Elderly
Injury

Viral pneumonia

Staphylococcus aureus

Haemophilus influenzae

Mycoplasma pneumoniae

Other atypical pneumonias (e.g. Q fever, psittacosis).

Aspiration pneumonia: Bacterial pneumonia following aspiration is not com-
mon and prophylactic antibiotics are not indicated. Where infection is present,
it is usually with coliforms from oral flora.

Immunosuppressed patients: The type and severity of the immunosuppression
has a major impact on the likely pathogens (Table 13.8).

HIV-positive patients: pneumocystis pneumonia, Streptococcus pneumoniae,
Haemophilus influenzae, Staphylococcus aureus, viruses, fungi.

Neutropaenic patients: Streptococcus pneumoniae, Haemophilus influenzae,
Pseudomonas spp., other resistant gram-negative rods, fungi such as aspergillus.

Nosocomial pneumonia: commonly coliforms or Staphylococcus aureus, in-
cluding MRSA.

Urinary tract infections

Colonisation of indwelling catheters invariably occurs and this predisposes to an
increased incidence of urinary tract infection (UTI). The finding of bacteria and
even cells in the urine does not necessarily equate with infection and treatment.
Antibiotics should be commenced only if systemic infection is present and the
urinary tract is thought to be the source.

Common hospital-acquired UTI organisms include Escherichia coli, Klebsiella
spp.,» Proteus spp., Serratia spp., Pseudomonas spp., enterococci, Staphylococcus
aureus and Candida albicans.

Frequent catheter changes will not reduce the incidence of bacteriuria and
infection.
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Urinary samples should be obtained by aspirating through prepared tubing,
not from the collecting bag.

Wounds

Wounds are often colonised by coliforms but usually they are not significant. In
orthopaedic wounds Staphylococcus aureus and Streptococcus pyogenes can cause
clinically significant infections. Abdominal wounds associated with bowel per-
foration can become infected with Staphylococcus aureus, streptococci, coliforms
and anaerobes. Routine wound swabs are very difficult to interpret. Wound as-
pirates and tissue biopsies will give more accurate information. Findings from
blood cultures are rarely positive.

Occult infections

The search for occult infections includes a thorough physical examination. The
following are some causes of occult infection in the ICU.

Abdominal sepsis
Abdominal sepsis can occur as intra-abdominal abscess or acalculous chole-
cystitis.

Fungal septicaemia

Long-term patients, especially on broad-spectrum antibiotics, can develop fungal
septicaemia. The use of special blood cultures will allow more rapid diagnosis of
fungaemia. However, findings from blood cultures are often negative in patients
with systemic fungal infections.

Lung abscess
Especially if associated with aspiration, lung abscess usually can be diagnosed on
the basis of chest x-ray or CT scan.

Sinusitis

Sinusitis is especially seen in association with nasotracheal intubation or NG
tubes and after facial trauma. This is a common site of infection that often is
overlooked. Fluid levels can be seen on routine lateral facial views, CT scan or
on ultrasound. Sinusitis can cause meningitis, epidural and subdural abscesses,
intracranial abscesses, lateral or cavernous sinus thrombosis and osteomyeli-
tis. Orbital cellulitis may indicate infection of the sphenoid or ethnoid sinuses.
The causative organisms usually are mixed aerobes and anaerobes, including
Staphyloccocus aureus, from the upper respiratory tract. Although drainage and
tube removal are the most important steps, chloramphenicol, penicillin and/or
metronidazole are suitable antimicrobial agents.
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Tooth abscess
Tooth abscess can occur especially in long-term patients. Routinely inspect the
oral cavity.

Epididymitis

Epididymitis can occur in association with prolonged catheterisation.

Brain abscess or meningitis
These can occur especially in association with head injuries.

Perirectal abscess
Remember to inspect the patient’s back.

Decubitus ulcer
Remember to inspect the patient’s back.

Heart valves

Because of instrumentation of the heart, especially with pulmonary artery
catheters, vegetations can grow on the heart valves. Although uncommon, these
can become infected. Murmurs are rarely helpful in the diagnosis of right-sided
endocarditis, which is commonly found in abusers of IV drugs, as well as in as-
sociation with vascular catheterisation. If infection is suspected, transoephageal
echocardiography is indicated.

Antimicrobials

The patient’s intactimmune system is the most effective antimicrobial. Antibiotics
are merely adjunct therapy — microbial debulking agents, buying time while the
immune system becomes activated.

There is little difficulty in choosing the correct antimicrobial agent when the
organism has been identified and its sensitivities are known. Unfortunately, that
situation is uncommon in the seriously ill. The clinical setting in an ICU oftenis a
microbiological nightmare (e.g. a septic patient with multiple intravascular lines,
an ETT, a urinary catheter, pre-existing intrapulmonary shadowing of uncertain
origin, having recently had an operation and often already on multiple ‘blind’
antibiotics).

Positive culture of organisms in these circumstances is almost impossible and
even if an organism can be isolated, it will not be for at least 24 hours. This results
in the use of ‘best guess” antimicrobials, ideal for drug companies pushing the
latest and most expensive antibiotics. The guidelines for howlong these antibiotics
should be used are either non-existent or empirical.
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Antibiotics are only a small part of managing infections in intensive care. It is
equally, if not more important, to identify and remove where possible the source
of infection. At best antibiotics reduce the load of organisms so that the body’s
own immune system can overcome the infection.

Principles of antimicrobial treatment in intensive care

Community-acquired infections should be treated according to the expected
sensitivity of the organism implicated.

Nosocomial or hospital-acquired infections raise complex issues that vary from
one hospital to another. Individual ICUs should study their own patterns of
organisms and their sensitivities.

Close co-operation with specialists in infectious diseases and microbiology is
essential.

Most systemic infections in intensive care are caused by the following organ-
isms:

Nosocomial infections
Klebsiella spp.
Proteus spp.
Enterobacter spp.
Citrobacter spp.
Serratia spp.
Pseudomonas spp.
Acinetobacter spp.
Candida spp.
Staphylococcus aureus
Community-acquired infections
Streptococcus pneumoniae
Haemophilus influenzae
Moraxella catarrhalis
Escherichia coli
Staphylococcus aureus
Streptococcus pyogenes

Consider the underlying disease (e.g. diabetics are often infected with mixed
aerobes, burn patients and patients with leukaemia often have Pseudomonasspp.).
The nature of the antimicrobial must be known:

« tissue penetration
 optimum dose

« dosage interval

« toxic effects

* spectrum

« interactions.
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Use monotherapy where possible. Cost is becoming increasingly important in
all facets of medicine. We should no longer feel embarrassed about compar-
ing the costs of antimicrobials and opting for the cheaper one whenever it is
appropriate.

Antibiotics will alter the normal flora, encouraging overgrowth by organisms
such as Staphyloccocus aureus, Candida spp. and Pseudomonas spp., especially in
the respiratory tract and urinary tract. Broad-spectrum antibiotics encourage
this phenomenon to a greater extent than do the more specific antibiotics.

Use empirical antibiotic treatment for 72 hours and monitor for clinical im-
provement in those patients from whom no organisms have been isolated. As in
many other areas of intensive care, a titrational or challenge approach is most
appropriate (i.e. commence best-guess antimicrobials and monitor clinical re-
sponses). If there has been no improvement, go to the next step:

1 Consider an occult source of sepsis. Surgery has a more important role than
antibiotics in these cases.

2 Consider a non-microbial cause of the septic picture such as SIRS.

3 Consider other causes of fever or raised white cells.

4 Consider that inappropriate antibiotic treatment may have been selected (e.g.
inadequate dose, spectrum or tissue penetration).

If there has been no improvement after 72 hours and there is no obvious occult
infection, cease giving antibiotics, reculture and monitor the patient’s progress.
Another antimicrobial combination can be empirically commenced at a later
stage, if indicated, rather than simply adding one antibiotic after the other.

There is no agreement on the duration of treatment or antibiotic ‘course’ in
intensive care. Antibiotics vary in their time to reach maximum efficiency. For
example, B-lactams and glycopeptides take 48—72 hours for maximum effective-
ness, whereas aminoglycosides and quinolones will have peak bactericidal activity
within 8 hours. As a guideline, if the antimicrobial has shown an effect within
3 days, cease the drug within 5-7 days. If there has been no effect at all, consider
stopping after 3 days.

The original diagnosis of bacterial infection should also be examined (e.g.
fever and leucocytosis do not necessarily mean infection). Consider other pos-
sibilities such as drug reactions, cytomegalovirus infection following transfu-
sion (see p. ), an occult source of sepsis, pancreatitis and other non-bacterial
infections.

Once-daily IV doses of aminoglycosides are more bactericidal than are divided
daily doses.

Prophylactic antimicrobials with surgery

Prophylactic antibiotics should be used only with a procedure that commonly
leads to infection (e.g. large bowel resection, contaminated tissue resection) or
when an infection could cause devastating results (infection of prosthetic heart
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valve, implantation of foreign materials such as intracranial shunts and joint
prostheses).

The antimicrobials selected should have a record of activity against the likely
pathogens. Staphylococci should be covered for in procedures such as insertion
of prostheses. Anaerobes and coliforms need to be covered for in gastrointestinal
and genitourinary surgery.

Antimicrobials should be given about the time of induction of anaesthesia and
for no more than 24 hours.

Practical guidelines to prescribing antimicrobials

It is beyond the scope of this book to describe detailed antimicrobial guidelines
for every infection and to discuss the pharmacology of every drug. Infection is
common in intensive care and antimicrobials are widely used and very expensive.
Staff working in ICUs should therefore familiarise themselves with this com-
plex and rapidly changing area and work closely with their own microbiology
department.

Clinical, laboratory and radiological findings will often give some indication
of the source of infection.

Patterns of nosocomial infections within a particular ICU will offer further
guidelines.

Immunocompromised hosts often require broader coverage against common
gram-positive and gram-negative bacteria, including Pseudomonas spp.

Pencillin allergy

Many patients labelled ‘penicillin allergic’ are not. For example, patients may
have experienced a GIT problem when given a penicillin, which they may call
‘allergy’. It is quite common for viral infections to cause rashes: if a penicillin
was prescribed for a patient with a viral illness and a rash develops, they may
mistakenly assume they are allergic to penicillin. It is necessary to explore exactly
what happened when the patient took penicillin. Penicillins are often the most
active agents against infections that require admissions to an ICU.

If patients describe a rash from penicillin, they may develop a similar rash
when given a cephalosporin or carbapenem. However, it is highly unlikely they
will develop anaphylaxis. However, if elements of a Type 1 reaction occurred
with the administration of a penicillin such as facial swelling, difficulty breathing
or full-blown anaphylaxis, there is a 5-10% chance of cephalosporins or car-
bapenem causing a Type 1 reaction. Consequently, a non (-lactam regimen is
recommended. Note that the monobactam, aztreonam is the only 3-lactam that
does not cross-react with penicillin in patients with Type 1 reactions to penicillin
and may safely be given to patients who develop anaphylaxis to penicillin.

If a patient has an infection such as endocarditis where the outcome is better
when a penicillin is used, the patient can be desensitised to penicillin. In cases
where it is unclear if the patient may have had a Type 1 reaction to penicillin and
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Table 13.9. Commonly prescribed antibiotic doses

Amphotericin
Ampicillin
Cephalothin
Cephazolin
Cefotaxime
Cefriaxone
Ceftazidime
Cephalothin
Ciprofloxacin
Clindamycin
Erythromycin
Flucloxacillin
Fluconazole
Gentamicin

Metronidazole
Penicillin
Rifampicin
Timentin
Vancomycin

1 mg/kg/24 hours

1-2 g IV 6-hourly

1-2 g IV 6-hourly

0.5-1 g IV 8-hourly

1 g IV 8-hourly

1-2 g IV daily

2 g1V 8-hourly

1-2 g IV 6-hourly

200-300 mg IV 12-hourly.

300-600 mg IV 6-hourly

0.5-1 g IV 6-hourly

1-2 g IV 6-hourly

100-200 mg IV once daily

3-5 mg/kg IV as once daily dose; monitor trough. Aim for a trough
< 2 mg/L and a peak of 6-8 mg/L

500 mg IV 8-hourly

2-3 x 10° units IV 6-hourly

600 mg orally 12-hourly

3.1 g IV 6-hourly

0.5-1g IV 12-hourly, monitored third daily with levels (trough < 15
mg/L; peak 20—40 mg/L)

it is desirable to treat with a pencillin, skin testing can be carried out. If this is
negative, then penicillin can be given without causing anaphylaxis. Advice from
an immunologist should be sought in these settings.

Approach to patients with infections of uncertain aetiology

The following guidelines are only for the initial ‘blind’ phase of antimicrobial
treatment (Table 13.9). They must be adjusted according to microbiological find-
ings, sensitivity patterns and local nosocomial pathogens.

Septicaemia

Septicaemia of unknown origin can be treated as follows until microbiology
findings are available:

Penicillin (e.g. ampicillin)

plus
gentamicin

+

metronidazole for abdominal or gynaecological infection

+
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flucloxacillin (especially for community-acquired septicaemia). f MRSA is preva-
lent in a unit and the infection is nosocomial, substitute vancomycin.

Pneumonia
Severe community acquired:

erythromycin
+

penicillin

or

cefotaxime

or
ceftriaxone.

Because of the high incidence of penicillin-resistant Streptococci pneumoniae
and Haemophilus influenzae sensitivity, cefotaxime and cefriaxone are increas-
ingly being used as first-line drugs.

Aspiration pneumonia: Aspiration pneumonia should be suspected in alco-
holics, IV drug users, the debilitated and in the presence of a decreased level
of consciousness. Mixed mouth organisms are common and require anaerobic
cover.

benzylpenicillin

plus

metronidazole

or

timentin (ticarcillin plus clavulanate)

If allergic to penicillin, then ciprofloxacin plus metronidazole

Infection is rare after aspiration, e.g. on induction of anaesthesia. Antibiotics
should not be commenced.
Hospital-acquired pneumonia:

gentamicin

+
ceftazidime
or

timentin

or
ciprofloxacin.

Urinary tract infection
ampicillin
plus

gentamicin.

If allergic to penicillins, substitute cephalothin.
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Intra-abdominal infection
Ampicillin

plus

gentamicin

plus

metronidazole.

Intravascular cannula infection

Remove the cannula and culture its adherent material. Possible organisms in-
clude Staphylococcus aureus and S. epidermidis. However, up to 30% of cannulae
infections are gram-negative in origin and nearly always resistant to ampicillin
and cephalosporins. Aminoglycosides should be used until culture results are
available.

Flucloxacillin
plus

gentamicin.

If MRSA is prevalent, use vancomycin. If Staphylococcus aureus is grown in
a blood culture and associated with an infected IV cannula, a transthoracic
echocardiogram (TOE) and bone scan should be performed looking for sites
of seeding. In this setting, antibiotics should be continued for 14 days if both tests
are negative and for 6 weeks if one or other is positive.

Neutropaenic patients

Liaise closely with microbiologists, as the host and invading organisms often
present a challenge. These patients are susceptible to Pseudomonas spp., Staphy-
lococcus aureus, fungi or coliforms, especially from the GIT. Because Pseudomonas
spp. are associated with a high mortality, two agents should be used. The
following regimen is for febrile neutropaenic patients in whom the source of
infection is unknown. These recommendations should be modified as more pre-
cise information arrives from culture studies. Initial regimen before culture and
sensitivities:

Gentamicin
plus

timentin.

If there is penicillin allergy, substitute ceftazidime. Do not use ceftriaxone or
cefotaxime as their cover for pseudomonads is inadequate.
If the patient remains unresponsive, add:

vancomycin.
If the patient does not respond, give empirical antifungal therapy:

amphotericin B.
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Some renal impairment is inevitable with amphotericin B. It can be reduced by
maintaining intravascular volume and normal BP. The liposomal preparation
should be used if creatinine increases significantly. Potassium and magnesium IV
supplement should be used routinely. The infusion rate should be over at least
4 hours in order to prevent cardiac arrhythmias. Paracetamol or hydrocortisone
may reduce associated rigors.

Continue until the neutropaenia resolves and liaise closely with the micro-
biology department. Do not use fluconazole or other antifungal agents in this
situation.

The foregoing drugs for neutropaenic febrile patients should be used only
initially, followed by a change to specific antimicrobials when an organism has
been isolated. The use of antibiotics for empirical treatment should be based on
analyses of the sensitivity patterns of the organisms that are causing infections in
that particular haematology/oncology unit.

Specific organisms

Staphylococcus aureus
flucloxacillin.

If penicillin allergy, use:

cephalothin

or

cephazolin.

If allergic to cephalosporin and penicillin use vancomycin.
Also use vancomycin according to local prevalence of MRSA.

Streptococcus pyogenes
clindamycin
plus

penicillin.
Alternatively:

First generation cephalosporin.
vancomycin.

Pneumococcus

Penicillin

Pneumococci are increasingly resistant to penicillins and cephalosporins but can
be partially overcome by increasing doses.

If allergic to penicillins use cephazolin.

MRSA
Vancomycin causes marked thrombophlebitis — use a central line. Try to break
the cycle of vancomycin needing a central line and a central line predisposing to
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MRSA. Remove the central line as soon as possible and reinsert only if proven
MRSA infection. Peripherally inserted central lines are effective in this setting.

Pseudomonas aeruginosa

Regimens need to include two agents active against Pseudomonas spp., especially
if septic shock is present. The mortality is > 80% if one antibiotic is given and
50% if a combination of B-lactam and aminoglycoside is used. A combination of
B-lactam and quinolone is probably also effective.

Gentamicin
plus

timentin.

Alternatively, ceftazidine or meropenem can be substituted.

Anaerobic infections

Anaerobes are a common part of the normal flora, especially in the GIT and
help to prevent the overgrowth of coliforms. Anti-anaerobic drugs should there-
fore only be used when there is a strong suspicion of anaerobic infection such as in
intra-abdominal infections, infection of the female genital tract, brain abscesses,
some cases of aspiration pneumonia, gas gangrene or soft tissue infection.

The most active agent against anaerobes is metronidazole. A B-lactam/f3-
lactamase combination such as ticarcillin/clavulanate and carbapenems is also
highly active against anaerobes. Clindamycin has less activity. 3-lactamases are
now prevalent amongst anaerobes in all sites and so penicillins alone are no longer
recommended.

Coliforms
Coliforms (Enterobacteriaceae) are part of the normal bowel flora. They cause
urinary infections as single bacterial species infections. They are usually present
with anaerobes and enterococci as mixed infections in intra-abdominal sep-
sis. These facts need to be borne in mind when selecting empiric antibiotic
regimens.

Virtually all coliforms are resistant to ampicillin. Ampicillin remains useful
for enterococci. If cephalosporins are used for mixed infections involving col-
iforms, you can expect enterococci to emerge, as they are intrinsically resistant to
cephalosporins. Ampicillin is therefore used to stop enterococci selection; not to
cover the coliforms. This is particularly important now that vancomycin-resistant
enterococci have emerged in many ICUs.

If the patient has bacteraemia with coliforms, especially if shock is present,
two agents active against the organism are recommended to enhance bacterial
killing. Generally a combination of a 3-lactam and aminoglycoside is given, e.g.
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ceftriaxone plus gentamicin. If it is not desirable to use an aminoglycoside, use a
combination of B-lactam and quinolone.

If the sepsis does not involve bacteraemia, single agent therapy works well. As
most intra-abdominal infections are mixed, ampicillin and metronidazole are
required to cover enterococci and anaerobes respectively.

The choice of antibiotic treatment depends on the sensitivities. Initial therapy:

gentamicin
plus
ampicillin
plus

metronidazole.

specific antibiotics

Suggested adult doses are given in Table 13.9. These may need to be modified in
renal failure or hepatic dysfunction.

Aminoglycosides

Aminoglycosides have narrow therapeutic ranges and need to be monitored
closely, as they can cause nephrotoxicity and ototoxicity. Those can be potenti-
ated when aminoglycosides are used with other drugs such as cephalosporins and
frusemide. Their main value is their broad-spectrum activity against coliforms,
pseudomonads and other gram-negative aerobic bacteria. They have excellent
tissue penetration and are also the most rapidly bactericidal agents which is
particularly important in bacteraemia. Aminoglycosides usually should be given
as once-a-day doses, rather than in divided doses, as they are more efficacious
and probably less toxic. The only exception to this is in endocarditis where they
should be given 8-hourly.

Recommended serum concentrations (jg/ml) are as follows:

Peak Trough
gentamicin 68 <2
tobramicin  6-8 <2
amikacin 20-25 <10

Aminoglycosides such as tobramicin, amikacin and netilmicin should be reserved
for serious infections that are resistant to gentamicin. However, resistance to
gentamicin is very rare. Each ICU should determine its prevailing resistance
patterns to various aminoglycosides.

Beta-lactams

Penicillins, cephalosporins, carbapenems and monobactams are structurally re-
lated and share bactericidal activity primarily directed at the bacterial cell wall.
B-lactams can also be combined with an inhibitor of B-lactamase.
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Penicillins

Narrow-spectrum penicillins: Examples include benzylpenicillin which is still
active against streptococci, including Streptococcus pneumoniae and Neisseria
meningitidis.

Antistaphylococcal penicillin: Because most strains of Staphylococcus aureusare
resistant to penicillin G by virtue of 3-lactamase production, treatment requires
other agents (e.g. flucloxacillin or dicloxacillin). Increasingly, resistance to these
compounds is being seen, especially in the hospital setting. In some hospitals up
to 50% of staphyloccci isolated are resistant to methicillin.

Moderate-spectrum penicillins: Ampicillin and amoxycillin remain useful in
intensive care mainly because of their activity against enterococci, but are de-
stroyed by B-lactamase-producing strains. They also are usually active against
Haemophilus influenzae, as well as some strains of Escherichia coli and Proteus
mirabilis. Because about 50% of Escherichia coli isolates causing a UTT are resis-
tant to ampicillin, it is inappropriate for the empirical treatment of UTI.

Broad-spectrum penicillins (antipseudomonal activity): Ticarcillin and
piperacillin have wider ranges of activity than do ampicillin and amoxycillin
against coliforms, in particular against the Pseudomonas spp. However, their clin-
ical efficacy may be insufficient when they are used alone to treat Pseudomonas
spp. infections and their gram-negative spectra are not as broad as those of
the aminoglycosides. It is recommended, therefore, that they be used with an
aminoglycoside. It is thus difficult to assess their true effectiveness in intensive
care.

Penicillin/B-lactamase inhibitor combinations: The B-lactamase inhibitors
clavulanate, sulbactam and tazobactam inhibit the enzyme produced by Staphylo-
coccus aureus and Bacteroides fragilis and also the ubiquitous TEM enzyme, found
in Escherichia coli, Neisseria gonorrhoea and Haemophilus influenzae. These three
drugs possess little inherent antibacterial activity but when given with broader
spectrum penicillins, they significantly extend their spectra of activity.

Examples include amoxycillin/clavulanate, ticarcillin/clavulanate, piperacillin/
tazobactam. These are very broad-spectrum agents, covering staphylococci, strep-
tococci, coliforms, pseudomonads and anaerobes. These combinations do not
cover MRSA and enterococci.

Cephalosporins

The deficiencies in cephalosporin coverage include MRSA, enterococci (entero-
cocci are predictably selected out with these agents), Listeria monocytogenes and
anaerobes. Widespread use of cephalosporins, especially third and fourth gener-
ation cephalosporins, puts substantial selection pressure on organisms both in
the individual patient and in the flora throughout the ICU. For this reason, it is
desirable to restrict their use. Outbreaks of resistant organisms such as MRSA,
Klebsiella spp. and Acinetobacter spp. will often require curtailing the use of third-
generation cephalosporins.
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There are five classes of cephalosporins in clinical use:

First generation: Good gram-positive activity and some activity against col-
iforms. Useful substitute for pencillin or flucloxacillin in patients with penicillin
allergy who have infections with streptococci and/or staphylococci, so long as the
allergy is not anaphylaxis.

Second generation: Have ‘niche’ uses: cefaclor is widely used for respiratory
tract infections, cefotetan is used in hepatobiliary surgery due to its high pen-
etration into bile. Cefoxitin and cefotetan have some anti-anaerobic activity, but
this action is inferior to agents such as metronidazole.

Third generation: Ceftriaxone and cefotaxime are usual agents having some
activity against group A streptococci, excellent activity against Streptococcus pneu-
moniae and coliforms such as Escherichia coli, Proteus mirabilis and Klebsiella spp.
They are not recommended for the ‘ESCAPPM’(enterobacter, serratia, citrobac-
ter, acinetobacter, Proteus vulgaris, Providentia, Morganella) group of nosocomial
gram-negative rods.

Ceftazidime has excellent activity against Pseudomonas aeruginosa as well as
Escherichia coli, Proteus mirabilisand Klebsiella spp. Itis also not recommended for
the ‘ESCAPPM’ group of nosocomial gram-negative rods. Note that ceftazidime
has no useful gram-positive activity and must be used with other agents if gram-
positive cover is required in a mixed infection.

Fourth generation: Cefepime and cefpirome. These agents have very broad-
spectrum activity. Sensitive bacteria include staphylococci, streptococci, col-
iforms and pseudomonas. They also supposedly have activity against members
of the ‘ESCAPPM’ group. They have no anti-anaerobic activity and are not useful
for MRSA or enterocci.

Itis tempting to resort to the cephalosporins because of their relative safety and
their antibacterial spectra include gram-positive and gram-negative activities.

Because the activities of the first and second generation cephalosporins are
unpredictable against gram-negative bacteria, they should not be employed for
empirical, single-drug treatment. The third generation cephalosporins feature
broad-spectrum, high antimicrobial potencies and excellent tissue penetration.
However, several gaps are evident in the overall coverage afforded by all these
drugs. For example, some enterococci, Pseudomonas spp. and anaerobes are re-
sistant to third-generation cephalosporins (apart from ceftazidime). Their activ-
ity against Staphylococcus aureus precludes their use as single drugs against this
organism. They cannot, therefore, be recommended for single-drug, empirical
treatment. Because they are often used in combination with other antibiotics,
such as the aminoglycosides, it is difficult to assess their independent useful-
ness in seriously ill patients. Cephalosporins are, however, useful in infections
caused by sensitive organisms. Specifically, cefotaxime/ceftriaxone are the drugs
of choice for most cases of bacterial meningitis because of their excellent tissue
penetration.
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Monobactams

Aztreonam is a member of the family of monobactams. It is a highly active
compound against the majority of gram-negative bacteria, but has no activity
against gram-positive organisms and anaerobes. Its main usefulness is in the
treatment of gram-negative rod infections for patients who are allergic to B-
lactams, especially if the allergy is a Type I reaction, as cross-hypersensitivity does
not occur.

Carbapenems

Imipenem/cilastatin is the prototype of this class. Due to inactivation by a re-
nal dipeptidase, it is formulated with cilastatin. These are amongst the widest
spectrum antibiotics available. They have activity against gram-negative bac-
teria comparable with that of the aminoglycosides. They have excellent activ-
ity against anaerobes and many gram-positive cocci. However, they are not
active against MRSA, Enterococcus faecium, Mycoplasma, Stenotrophomonas,
Chlamydia and some species of Pseudomonas. Unusual and highly resistant bac-
teria such as Stenotrophomonas maltophilia are often selected out by this agent.
Imipenem is renowned for inducing seizures, especially in the setting of a reduced
seizure threshold and renal insufficiency. Meropenem has better CSF levels and
is far less likely to cause fitting in these two situations. Meropenem is somewhat
more active against gram-negative and less active against gram-positive than
imipenem and because it is resistant to renal dipeptidase, it can be given alone.

Nitroimidazoles
Metronidazole and timidazole cover includes Bacteroides fragilis, gram-positive
anaerobes and anaerobic protozoa.

Macrolides

These include erythromycin and roxithromycin. Their cover includes gram-
positive cocci, Haemophilus influenzae, Legionella, Mycoplasma, gram-negative
cocci and some anaerobes.

Glycopeptides

Vancomycin and teicoplanin are active against a wide range of gram-positive
organisms. Vancomycin is particularly useful in intensive care for the treatment of
MRSA and infections due to Staphylococcus epidermidis or Corynebacterium spp.
associated with prosthetic heart valves. Oral vancomycin is useful in patients with
antibiotic-associated colitis due to Clostridium difficile. The use of vancomycin is
associated with the emergence of vancomycin-resistant enterococci (VRE). For
this reason, vancomycin should not be used for prophylaxis and only used for
treatment if MRSA is proven or highly likely to be the cause of infection.
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Quinolones

Examples include norfloxacin, ciprofloxacin, enoxacin and ofloxacin. These
agents have some theoretical attractions. They are bactericidal, with wide dis-
tributions throughout the body and have little effect on anaerobic gut flora.
The newer agents have a wide spectra of activity, including some gram-positive
cocci and many gram-negative bacteria. However, they are expensive and their
place in the treatment of the seriously ill has not yet been defined. Their great-
est usefulness may be in providing an alternative for infections with antibiotic-
resistant coliforms and in situations where aminoglycosides are contraindicated.
Fourth generation quinolones have offered promise in serious infections such
as meningitis with penicillin-resistant Streptococcus pneumoniae. Unfortunately
some have been withdrawn from the market due to serious and occasionally lethal
toxicity.

The ‘latest” antibiotics

Today there is considerable pressure to use the latest and most expensive antibi-
otics. Many have been marketed and touted as being broad-spectrum replace-
ments for aminoglycosides, as having stability against 3-lactamases and as being
relatively free of serious side effects. However, we need to temper our enthusiasm
about their possible role in the ICU. Some comments about their clinical use in
intensive care include:

o There is a danger that if they are overused, superinfections and resistances will
become more common.

o Apart from their use as the first-line treatment for gram-negative meningitis,
third generation cephalosporins should be used as reserve antibiotics for cases
in which there are definite bacteriological indications.

o Often the ‘latest’ drugs are prescribed because they are currently fashionable
and because of the pressure of product promotion, rather than logic.

o The full extent of the toxicity may not be appreciated, as was the case with some
newer quinolones.

« The ‘latest’ drugs are invariably more expensive.

Scepticism and caution should be exercised when considering the use of the lat-
est broad-spectrum antibiotics, such as imipenem/cilastatin, fourth generation
cephalosporins, aztreonam and the quinolone derivatives. The mortality from
septicaemia remains relatively unchanged, despite the introduction of broader
spectrum antimicrobials. Many other aspects of management are equally as im-
portant as the use of antibiotics, if not more important, especially in the pres-
ence of ‘non-bacterial’ septicaemia. It appears that many of the more recent
broad-spectrum antibiotics are expensive and still largely unproven adjuncts to
treatment.
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Intra-abdominal sepsis

There is no strict dividing line between generalised intra-abdominal sepsis and
abscess or peritonitis. ‘Intra-abdominal sepsis’ is a term that loosely refers to a
generalised infection and/or localised collections. Intra-abdominal collections or
abscesses can be found intraperitoneally, retroperitoneally or within viscera.

The most important principle in the management of intra-abdominal sepsis is
removal and drainage. Antibiotics have a limited role in controlling the associated
systemic infection. Otherwise, the role of intensive care is to keep the patient alive
until the source of the sepsis can be found and evacuated.

The message to reluctant surgeons is this: Rather than viewing patients with
intra-abdominal sepsis as being too sick for surgery, they should be viewed as
too sick not to have surgery. Intra-abdominal infection remains a common
and catastrophic event, entailing high mortality, often associated with MOF
(see Chapter 9).

Peritonitis

Contamination of the peritoneal cavity usually results in abdominal pain, guard-
ing and rebound tenderness. These signs can become masked or modified in the
elderly, in postoperative patients and in immunocompromised patients.

Diagnosis

The diagnosis of peritonitis is supported by aleucocytosis with toxic changes, fever
and other signs of systemic sepsis. Radiological findings include free abdominal
gas and/or fluid. Abdominal ultrasound or CT scan may demonstrate a source of
the peritonitis. Blood cultures and routine investigations should be performed.

Management

Supportive care: The patient should be urgently prepared for surgery. Rapidly
restore the intravascular volume and give blood if necessary, according to in-
travascular measurements such as arterial BP, pulse rate, CVP, PAWP and hourly
urine output (see Chapter 19).

Other forms of support, such as inotropes, may be necessary as for generalised
sepsis.

Surgery: Immediate surgeryisthe mostimportant step in the management of
peritonitis. The underlying source of contamination must be eliminated. Radical
surgical debridement, as in any other form of infection, is required. The surgical
team should send specimens for microbiological evaluation to aid the diagnosis.

Meticulous inspection and lavage of the intra-abdominal cavity are necessary.
Postoperative drainage is essential.
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The role of antibiotics in the lavage fluid and the advisability of continuous
postoperative lavage have not been established.

Continuing resuscitation and general care of the seriously ill are required until
all signs of infection have disappeared. Unfortunately, infection sometimes per-
sists in the form of generalised intra-abdominal sepsis or localised collections and
repeated laparotomies may be necessary.

Antibiotics:

Gentamicin

plus

metronidazole to cover anaerobic bacteria
plus

ampicillin to cover enterococci.

Then tailor antibiotic treatment according to the organisms and sensitivities
identified. Continue for 5 days postoperatively, then reassess.

If fever or signs of sepsis continue postoperatively, reinvestigation of the
source and further aggressive surgical intervention are required — not addi-
tional antibiotics.

Intra-abdominal sepsis

‘Intra-abdominal sepsis’ is used here not only to refer to peritonitis but also
as a general term encompassing abscesses and generalised infections, as well as
possible peritoneal involvement.

Diagnosis

Frequently there are no abdominal signs to be found in a patient with an intra-
abdominal abscess. Systemic signs and symptoms of generalised sepsis are usually
more prominent than local signs. These include the same features seen with
septicaemia.

A septic patient may have a classic ‘swinging’ fever. Also, there may be changes
in the patient’s mental status, as well as glucose intolerance, a decrease in gastric
mucosal pH, cardiovascular decompensation, hypoxia and ALI or other signs of
MOF.

An immediate, aggressive search must be made for the source of sepsis.

Ultrasound: The sensitivity and specificity of abdominal ultrasound will vary
according to many factors, including the experience of the operator, the quality of
equipment and the presence of gas, drainage tubes and dressings, all of which can
obscure the image. The use of portable real time ultrasound and the possibility of
fine needle aspiration for diagnosis and even treatment may prevent unnecessary
surgery in some cases. However, extensive debridement at laparotomy is often
necessary.
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CT scan: A CT scan may be more suitable than ultrasound for use in the
seriously ill and postoperative patients, because it is not as strongly affected by
gas and other artefacts. Oral and IV contrast should be given as part of the
CT examination in order to enhance collections. The CT can also provide better
views of certain areas, such as the retroperitoneal space. Percutaneous drainage in
conjunction with CT scanning can also be performed. However, for CT, patients
must be transported to an area of the hospital where routine monitoring can be
difficult and facilities for continuous supportive care not ideal.

Radionuclide imaging: Although imaging with gallium citrate is unrewarding
for investigating collections in the seriously ill, imaging with indium-III-labelled
leucocytes is sometimes useful. However, there can be false-positive findings with
indium III, because the leucocytes are attracted to areas of inflammation and
vascularity, as well as definite infective foci. The labelled leucocytes may be taken
up by the spleen and liver, but not normally by the kidneys or bowel. There can be
false-negative findings when imaging chronic infective sites such as those involved
in osteomyelitis.

Surgery: Laparotomy in this setting is often an essential diagnostic tool. If
the patient remains septic and the abdomen is suspected as a continuing source
of sepsis, laparotomy is mandatory.

Treatment

Drainage of the pus and debridement of necrotic tissue is essential. This can
sometimes be achieved with fine needle aspiration, but more often requires
surgery, preferably by a surgeon with experience in this area.

Meticulous exploration of the wound and abdominal cavity is mandatory. Ex-
tensive debridement and adequate drainage are essential. It is usually not enough
to percutaneously drain the contents of an intra-abdominal abscess as the cavity
wall itself can be inflamed or necrotic and a source of continuing sepsis.

If there are any further signs of continuing sepsis,

Re-investigation and re-exploration are mandatory.

To aid re-exploration, some authors have proposed:

« Leaving the abdominal cavity open and packing it, or
« partially closing the abdominal cavity with material such as Marlex mesh.

These approaches are especially useful if the patient has high intra-abdominal
pressure.

Antibiotics: Studies of blood cultures and other routine microbiological cul-
tures should be performed in an attempt to isolate the organism.

If there are no positive cultures, empirical antibiotic treatment, as for peritoni-
tis, should be commenced while the source of sepsis is being sought.

Other management principles:

 General supportive measures, as for septicaemia.
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 General measures for the seriously ill (see Chapter 3).
« Cardiovascular support (see Chapter 20).

o Fluid therapy (see Chapter 4).

« Respiratory support (see Chapter 18).

 Nutrition (see Chapter 5).

Acalculous cholecystitis

Acalculous cholecystitis is a common disease of the critically ill. There are many
predisposing factors, but, as yet, no specific cause has been found. It is likely that
due to failure of normal eating and gall bladder function, it over-distends with
bile. An inflamed gall bladder often leads to perforation or even gangrene. It has
a high mortality, possibly because of the delay in diagnosis.

Diagnosis

As with other forms of intra-abdominal sepsis, patients usually have systemic
manifestations of sepsis, such as decreased level of consciousness, ALI and a
hyperdynamic cardiovascular state. The diagnosis is difficult because the signs
and symptoms can be masked. Patients are often febrile, but may have concurrent
infections. There may be right upper quadrant pain or signs of an acute abdomen.
Findings on liver function tests, including bilirubin, may be normal or elevated.
Ultrasound may show a thickened gall bladder wall, an enlarged gall bladder, or
a pericholecystic collection. A CT scan will often show non-specific dilatation of
the gall bladder or a pericholecystic collection. However, sludge formation and
non-specific enlargement of the gall bladder are commonly found as parts of
the normal spectrum in seriously ill patients. The diagnosis depends on a high
level of awareness and laparotomy often is the only definitive way to confirm
acalculous cholecystitis.

Management
Laparotomy — Cholecystostomy and drainage is the treatment of choice. Antibi-
otics as for peritonitis.

Wounds

The majority of wound infections involve only the skin and subcutaneous tis-
sues, causing tenderness, swelling, redness, increased warmth and elevated body
temperature. These superficial infections rarely spread to the fascia and muscle.

However, an apparently benign collection of pus in a wound, with little exter-
nal evidence of infection, can, in seriously ill, immunocompromised patients,
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cause systemic sepsis. The incidence of wound infection is increased in patients
who have had prolonged surgery.

Management

Prevention
As is true for all other facets of tissue well-being in the critically ill, wounds heal
best in ideal homeostatic environments:

Blood flow to the wound: Rapid healing in areas of good blood flow is demon-
strated by the low incidence of infection in well-vascularised areas.

Optimal cardiac output and arterial BP should be maintained.

Take steps to avoid peripheral oedema, which reduces local blood flow.

Oxygenation of the blood: In regard to adjusting the haemoglobin concentra-
tion, err on the high side rather than on the lower side.

As for oxygen saturation, maintain higher or ‘normal’ levels, rather than ac-
cepting lower levels.

Adequate tissue oxygenation and blood flow probably are just as important as
prophylactic antibiotics in the prevention of wound infection.

Immunity: White cells have a broader antimicrobial spectrum than do
antibiotics.

Nutrition: The ideal balance of energy and protein needed by patients who are
seriously ill is still a matter of contention (see Chapter 5).

Remember that the following are important for optimal healing: Vitamin A;
Riboflavin; Niacin; Pyridoxine; Vitamin D; Zinc; Copper; Manganese; Ascorbic
acid.

Prophylactic antibiotics: To be effective, prophylactic antibiotics must be
given before operation or injury.

Levels need to remain at therapeutic levels during the procedure. Giving pro-
phylactic antibiotics after the operation is of no benefit. Giving prophylactic
antibiotics beyond 48 hours is not only ineffective but is associated with a higher
risk of subsequent infection, usually with difficult-to-treat antibiotic-resistant
organisms.

Definitive treatment
Antibiotics: Antibiotics are not indicated for superficial wound infections un-
less they are accompanied by systemic sepsis, spreading cellulitis or evidence
that the infection involves deeper structures. Local measures such as removing
sutures/staples and/or draining of an associated abscess are often enough.
Following clean operations not involving the gastrointestinal, gynaecological
or respiratory tracts, the organism most commonly found in a wound infection
is Staphylococcus aureus. The incubation period is 4—6 days. Infection usually is
well localised and is characterised by creamy pus. The wound infection is often
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erythematous, oedematous and painful. Local drainage procedures are usually
effective.

Following contaminated surgery, wound infections usually involve polymicro-
bial flora of the resected organ. The incubation period of gram-negative wound
infections is 7-14 days. They produce more diffuse signs than do the staphylococ-
cal manifestations, such as fever, tachycardia and bacteraemia. These infections
should be treated with local drainage procedures as well as antibiotics.

Infections usually occur beginning on the fourth postoperative day. Wound
infections occurring within the first 48 hours characteristically are caused by
either clostridial or B-haemolytic streptococci. They can rapidly cause systemic
symptoms and are associated with a high mortality. Aggressive wound care, in-
cluding debridement as well as broad-spectrum high-dose antibiotic coverage, is
essential.

Surgery: Wound infections can be sources of life-threatening, generalised
septicaemia. If there is any doubt, the wound must be re-explored and drained.

Necrotising fasciitis

Necrotising fasciitis is a relatively rare, potentially fatal necrotising infection of
the subcutaneous tissue and superficial fascia with secondary necrosis of the
overlying skin.

This infection can be due to virulent strains of Streptococcus pyogenes and/or
Staphylococcus aureus but can also be due to a mixed infection with anaerobes
and coliforms.

The skin rapidly becomes warm, oedematous, painful and discoloured.

The area of necrotic tissue can eventually be estimated on the basis of the
anaesthesia of the overlying skin due to subcutaneous nerve destruction.

Magnetics resonance imaging (MRI) scanning is the investigation of choice —
this is the most sensitive test to detect deep infective complications such as necro-
tising fasciitis, myositis and osteomyelitis. The early diagnosis of these conditions
is essential to prompt early surgical intervention.

The extent of underlying necrosis cannot be fully appreciated by simply exam-
ining the overlying skin.

The most important aspect of management is radical and repeated surgical
excision, as well as aggressive debridement of the necrotic tissue.

Suggested initial empirical antibiotic therapy:

benzylpenicillin
plus

gentamicin

plus

metronidazole.
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Legionnaires’ disease

Legionnaires’ disease often occurs as sporadic epidemics caused by inhalation of
infected droplets from air conditioning, cooling towers or contaminated hotwa-
ter plumbing. Nosocomial Legionnaires” disease can also occur from the same
sources. The disease is more common in people with underlying pulmonary dis-
ease and/or T-cell immunodeficiency. Legionnaires’ disease is probably under-
diagnosed. It is more easily recognised when it presents with a severe multilobar
pneumonia together with systemic manifestations.

Presentation
These patients present with pulmonary complaints such as coughing and purulent
or blood-stained sputum.

Extrapulmonary manifestations can include very high fever, rigors, diarrhoea,
myalgia, arthralgia, renal failure, myocarditis, headache and clouded sensorium.

Diagnosis
Direct fluorescent antibody (DFA) tests on sputum have high numbers of false
negatives and false positives and may not cover the many different serotypes.
However, if the pretest probability of the disease is high, i.e. full constellation of
clinical and laboratory features, it may offer rapid supportive evidence. A DFA
should not be performed if the pretest probability is low.
Culture of the organism from sputum or bronchoscopy specimens has 100%
specificity. Unfortunately it is insensitive and takes up to 2 weeks to be positive.
Urinary antigen test — 99% sensitive for Legionella pneumophila serogroup 1.
However this represents only 40-50% of Legionnaires’ disease in some countries.
Serology is quite sensitive, but can take up to 6 weeks to show positive findings.

Treatment

Ciprofloxin

or

erythromycin

+

rifampicin, 600 mg orally, 12-hourly.

Toxic shock syndrome

Toxic shock syndrome (TSS) is often associated with the use of tampons by
women; it can follow nasal packing and can accompany influenza episodes and
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staphylococcal infection, as well as pharyngitis, tracheitis, pneumonitis and pul-
monary abscess. It can also occur in association with streptococcal infections.

Diagnosis
Criteria for diagnosis of TSS:

Temperature > 39 °C.
Systolic BP < 90 mmHg.
Rash with subsequent desquamation, especially of the palms and soles.

Together with three or more of the following:

» Vomiting or diarrhoea

» Myalgia or CPK > 5 times the upper limit of normal.

e Mucous membrane hyperaemia.

« Creatinine > twice the upper limit of normal with pyuria in absence of a UTL.
« Bilirubin or AST or ALT > twice the upper limit of normal.

« Platelets <100 x 10°/L.

« Disorientation without focal neurological signs.

All of the above should be in the presence of negative tests for rocky moun-
tain spotted fever, leptospirosis or measles. Staphylococcal TSS toxin-1 (TSST-1)
and staphylococcal enterotoxin-B are the implicated toxins. Routine cultures for
staphylococci and streptococci should be performed and, if possible, assays for
the staphylococcal toxin should be performed.

Treatment

o Correction of shock.

« Antistaphylococcal antibiotics.

« Supportive measures, as for septicaemia.

Human Immunodeficiency Virus infection

The Human Immunodeficiency Virus (HIV) is a human RNA virus with an
enzyme that enables it to make a DNA copy of its RNA genome. The DNA
genome then integrates with the genome of the host cell. Consequently, with
every replication of the host cell, viral replication is assured. For that reason,
infection with HIV is presumed to be life-long.

The HIV selectively destroys a subset of T lymphocytes — the helper T lympho-
cytes. The percentage and absolute number of these cells gradually diminish over
months to years and the infected person becomes susceptible to opportunistic
infections and neoplasms, the onset of which defines the diagnosis of Acquired
Immunodeficiency Syndrome (AIDS).
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Acquired Immunodeficiency Syndrome s part of the final stage of a spectrum of
infection involving HIV. Acquired Immunodeficiency Syndrome is HIV infection
plus either an opportunistic infection and/or malignancy.

Acquired Immunodeficiency Syndrome patients may present with Kaposi’s
sarcoma, pneumonia (usually caused by Pneumocystitis carinii), fever, lym-
phadenopathy, malaise, tiredness, loss of weight, diarrhoea, dysphagia and ret-
rosternal pain. Neurological presentations include meningitis (usually caused
by Cryptococcus neoformans), facial lesions (Toxoplasma gondii, lymphoma or
cryptococcal abscess) and progressive dementia (HIV encephalopathy). The most
common neoplasms are Kaposi’s sarcoma and non-Hodgkin’s lymphoma.

In the absence of antiretroviral intervention, approximately 50% of HIV-
infected persons will develop AIDS over a period of 10 years. Accurate figures for
any longer period are not as yet known.

Diagnosis

Antibodies against HIV usually can be detected within 6 weeks following infec-
tion. The antibodies are tested using an enzyme linked immunosorbent assay
(ELISA) or western immunoblot (WB). The ELISA test is currently used for
screening because of its excellent specificity and sensitivity, and the WB test is
used to confirm anti-HIV status. The HIV viral load assay is also widely available.

Implications in intensive care

The HIV can be transmitted by contact with infected blood or blood products
and through the transplantation of infected organs, bone grafts or tissue.

There have been a few cases in which HIV has been transmitted by needlestick
injury. The risk of transmission rises with the size of the viral load. The type of
injury also determines the risk. The highest risk injury is as a result of a deep
penetrating wound with a hollow bore needle contaminated with HIV-infected
blood.

The onus is on the health-care worker to reduce their risk of sustaining a
needlestick injury. Resheathing of needles is the most common way to sustain a
significant needlestick injury. This practice should be banned.

All procedures involving sharps should be done under direct vision and in
such a way that accidental injury is unlikely. If sharps are being used, a sharps
disposable container should be located next to the health-care worker and the
sharps disposed of immediately after use. It is good practice to dispose of all sharps
yourself so that the person cleaning up after you does not risk a needlestick injury.
Put all sharps in the special containers.

Adoption of needleless systems for venepuncture, cannulation and injections
reduce the risk of needlestick injury and have been shown to be cost-effective.
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Currently there is no evidence to suggest that HIV can be transmitted to hos-
pital staff by contact with the secretions from patients, but precautions are still
mandatory.

Highly active antiretroviral therapy (HAART) significantly prolongs survival
and has altered the clinical spectrum of disease. It is now unusual for people to
present with prneumocystis carinii pneumonia (PCP).

The treatment of severe PCP is worthwhile because if the patient survives the
acute episode of PCP, they are likely to enjoy several years of quality life, especially
if they are given HAART.

Precautions

Every health-care facility must define its policies and address the issues related to
general precautions for health-care workers. No additional measures are neces-
sary for patients with potentially transmittable diseases such as hepatitis or HIV
infection.

o Universal precautions: All blood and body fluids should be treated as being
potential sources of infection.

Handling of needles and sharps: Work practices that will minimise the handling
of sharp instruments and objects should be developed (e.g. the use of staples
or clips instead of sutures for surgery). Used needles should not be resheathed
by hand. Neither should they be removed from disposable syringes by hand,
nor bent or manipulated in any way by hand. Persons handling a sharp must
be responsible for its proper disposal. Sharp items should be disposed of in a
puncture-resistant container.

The staft should be educated about the factors associated with transmission of
disease and actions to be taken should accidental exposure occur.

 There must be adequate facilities (e.g. for handwashing and decontamination).
« Safe systems are needed (e.g. personal protective equipment and equipment to
avoid needlestick injury).

There should bea system for the reporting of accidents (e.g. needlestick injuries)
and follow up, including counselling.

* Vaccination programmes should be kept current.

« Policies on confidentiality and notification should be clearly stated.

Gloves should be worn for direct or potential contact with blood or body fluids.
A combination of mask and protective eyewear or face shield should be worn
when aerosolisation or splattering of blood is envisaged. Protective apparel (e.g.
gowns, aprons and overshoes) should be worn during procedures in which blood
is likely to be splashed (e.g. autopsies, trauma and surgical procedures)

Management of exposure to body fluids

» Promptly wash away contaminating fluid.

» Encourage bleeding. Wash with soap and copious amounts of water.
« Report the incident.
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« Thesource patient should be informed and consent must be gained for serologic
testing for evidence of HIV antibody and hepatitis B and C.

« Baseline HIV, hepatitis B and C serology should be performed on the health-
care worker with follow up at 3 and 6 months.

o Any febrile illness occurring within 12 weeks of exposure should be reported.

 Exposed individuals initially found to be seronegative, should be retested after
6 weeks and at periodic intervals thereafter.

« Counselling should be available for exposed individuals. If this is not immedi-
ately available, counselling should be organised for the next working day.

Source patient — unknown status: Whether to give antiretroviral treatment de-
pends on the likelihood of HIV positivity. If unlikely, it is not required. If likely,
e.g. gay male with probable PCP, then treatment should be given.

Hepatitis Bimmune globulin should be given if the health-care worker is non-
immune or not known to be immune.

Prophylaxis against hepatitis C is not available.

Source patient—HIV positive: Seek counselling and the exposed person requires
antiretroviral treatment as soon as possible.

As combination antiretroviral treatment can stop viral replication and has a
synergistic effect on slowing the progression of HIV infection, triple antiretroviral
therapy is recommended.

If the source is in the late stages of HIV infection and especially if they have
had treatment with antiretrovirals, drug-resistant HIV is possible. In this case,
advice from an HIV specialist needs to be sought immediately as an antiretroviral
regimen will need to be tailored to deal with possible drug resistance.

Source patient — hepatitis B surface antigen (HB;Ag) positive: If the health-
care worker is non-immune, give hepatitis B immune globulin and institute
vaccination. If the serostatus of the health-care worker is unknown, give hepatitis
B immune globulin unless testing for the antibody to the surface antigen (anti-
HB, can be performed within 24 hours).

Source patient — hepatitis C positive: There is a significant risk of acquisition of
the hepatitis C virus (HCV) if the health-care worker is HCV negative. Perform
liver function tests and HCV status at 6 weeks. If acute hepatitis C develops, treat
with interferon. Ribavirin can also be added. This may abort the infection and
possibly prevent chronic hepatitis C.

Viral infections

Importance in intensive care

Viral infections can sometimes present as primary diseases in patients, such as
herpes encephalitis (see Chapter 23). Secondary infections can occur as a result of
reactivations of viruses from a latent state, often in immunocompromised hosts.
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Though the chances are small, there is always the potential danger that staff
members can contract viral diseases after contact with patients, such as hepatitis
transmission and HIV.

Diagnosis of viral infections

Laboratory diagnosis of a viral infection usually comes too late to influence man-
agement and even with more rapid diagnostic techniques, definitive treatment is
limited.

The diagnostic techniques available include rapid methods such as DFA, cell
culture, serology and tissue biopsy with electron microscopy. Polymerase chain
reaction (PCR) and other molecular methods are proving helpful in selected
patients. Close co-operation with the microbiologist is needed in this rapidly
developing area.

Treatment

Because of the parasitic association of viruses and the host cells, drugs that inter-
fere with the viral cycle often are also toxic to the host.

Most viral infections are not currently treatable. Treatable infections occur
with the following viruses (Table 13.10):

Herpes simplex virus (HSV) 1 and 2
Cytomegalovirus (CMV)

HIV

HCV and hepatitis B Virus (HBV)
Influenza

Hence if any of the above are possible, they should be excluded. This is partic-
ularly so in immunocompromised hosts.

Acyclovir: Active against HSV-1, HSV-2 and varicella zoster virus (VZV). Can
be given orally, but absorption inadequate to treat severe zoster. Dose for severe
varicella and encephalitis is 10 mg/kg/8 hourly. Causes significant nausea and
vomiting and can crystallise in nephrons to cause renal failure; ensure patient is
well hydrated.

Vviral hepatitis

Hepatitis A virus

Hepatitis A virus (HAV) is transmitted by the orofaecal route and produces the
classic short incubation infectious hepatitis. Active and passive vaccination is
available. Contacts must be given passive immunisation with normal human
gammaglobulin, as this confers immediate immunity and is proven to prevent
secondary cases. Active vaccination must not be used in this situation as it takes
several weeks for immunity to develop and its efficacy in preventing hepatitis A in



Table 13.10. Viral infections in intensive care

Viral infections

Virus Antiviral Comments
HSV1and2 Acyclovir Especially effective in immuno-
Famciclovir compromised hosts
Valaciclovir
CMV Ganciclovir Only used in immunocompromised
Foscarnet hosts; quite toxic
HIV Antinucleotide RT inhibitors =~ HAART considerably prolongs
Protease inhibitors survival; long list of side effects and
Non-nucleotide RT inhibitors drug interactions
HCV Interferon Effective in chronic and acute infection
Ribavirin Ribavirin increases the efficacy of
Interferon. Unfortunately Interferon
is very expensive
HBV Interferon Some effect in chronic infection
Influenza Amantidine Amantidine is useful in aborting
Relenza outbreaks of Influenza A; unfortunately
it has severe neurological side effects
and its efficacy in severe pneumonia is
doubtful. Relenza is quite effective in
mild to moderate infections. Only
available as inhalational caplets and
cannot be given to intubated patients
Measles Ribavirin Will shorten duration of infectivity and

illness. Probably useful in severe
infections such as measles and
pneumonia.

contacts is unknown. Mortality of HAV is approximately 5%. There is no antiviral
treatment. Management consists of supportive care and with liver transplantation
in fulminant cases.

Hepatitis B virus

Hepatitis B virus causes long incubation serum hepatitis and can be transmitted
by chronic carriers who usually are asymptomatic. It has become a major health
problem throughout the world and is now responsible for almost half of all cases
of hepatitis. The presence of its viral HBsAg in serum signifies infection, whereas
IgG antibody to the surface antigen (anti-HBs) indicates past infection and may
indicate immunity. Protection of the staff is particularly important in the ICU as
secretions from patients seropositive for HBsAg are infectious.

The patients who are particularly at risk of being HBsAg-positive are people
from certain racial groups, drug addicts, those who have received multiple blood
transfusions, homosexually active men and patients on long-term haemodial-
ysis. All health-care workers in direct patient contact are advised to be actively
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immunised against hepatitis B infection — 90% will develop antibodies which will
confer almost 100% immunity. An initial course of three intramuscular doses (0,
1 and 6 months) is recommended. All health-care workers are now being en-
couraged to become immunised. General precautions apply when dealing with
patients who are HBsAg.

Hepatitis C virus

Hepatitis C virus may be responsible for many of the cases of so-called non-A,
non-B hepatitis transmitted by blood transfusions, in addition to being associated
with chronic active hepatitis, cirrhosis and hepatocellular carcinoma. All donor
blood should be screened for antibodies to HCV. Interferon therapy may be useful
in preventing acute hepatitis C from becoming chronic. No vaccine is currently
available.

Non-A, non-B, non-C hepatitis

Non-A, non-B, non-C hepatitis is a diagnosis of exclusion, as no specific test
is available. Now that hepatitis C has been separated from the previous non-A,
non-B (NANB) hepatitis classification, it remains to be seen whether or not there
will be one or more distinct viruses responsible for NANB hepatitis.

Delta hepatitis (hepatitis D virus)

Delta hepatitis is caused by hepatitis D virus (HDV), which consists of a deltainner
core encapsulated by the surface Ag of hepatitis B virus. The HDV is defective and
requires active HBV infection in order to replicate. It can occur only in patients
with hepatitis B, either simultaneously or as a superinfection that often makes
the primary infection worse. Delta hepatitis infection can be indirectly prevented
by vaccinating with hepatitis B vaccine.

Hepatitis E virus

Hepatitis E virus (HEV) is another recently identified RNA virus responsible
for enterically transmitted hepatitis. It is common in developing countries and
should be considered a possibility in travellers with a clinical picture of hepatitis
A who are negative for HAV IgM.

Fungal infections

Systemic fungal infections in the ICU usually are associated with prolonged use
of broad-spectrum antibiotics or long-term IV feeding or they can occur as com-
plications in immunocompromised hosts. The diagnosis of disseminated fungal
infection needs to be considered in severely immunocompromised hosts, espe-
cially patients with prolonged neutropaenia, transplants and HIV infection. The
two most common are caused by Candidaspp. and Aspergillusspp. However, other
species of yeasts and filamentous fungi are being seen with increasing frequency.
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Candida

Candida spp. compose part of the normal human flora and can become a dom-
inant coloniser as a result of broad-spectrum antibiotic therapy. It is usually
seen as a benign infection of mucosal surfaces and invasive infections are often
secondary to central line infections. Catheter-related candidiasis is usually associ-
ated with the administration of IVN. Hepatosplenic candidiasis occurs in patients
with prolonged absolute neutropaenia. It is unusual for mucosal candidiasis to
disseminate.

Systemic Candida infection is a difficult diagnosis to make and, as a result, it
is often delayed. It entails very high mortality and its treatment involves a high
incidence of complications.

Diagnosis
Positive blood cultures are found in only 40-50% of cases. An increased yield
of positive cultures can be obtained if lysis centrifugation techniques are used.
Clinical evidence of generalised infections should be sought, including biopsy and
culture of infected tissues. Specific funduscopic signs can be seen in approximately
30% of cases.

Risk factors include:

Colonisation >2 sites.
Complicated abdominal surgery.
Antibiotics >14 days.

IV catheters.

IVN.

Serological tests and PCR have so far proven disappointing.
The diagnosis is usually made clinically, with or without laboratory confirma-
tion.

Prophylaxis:

Nystatin, 500 000 units, 6-hourly, orally (NG).

Nystatin mouthwashes may decrease the incidence of fungaemia in patients at
risk.

Treatment:
Because the treatment carries its own high risks, it should not be commenced
unless there is a strong index of suspicion (e.g. neutropaenic patients or seriously
ill patients not responding to multiple antibiotics).

Empirical antifungal treatment is often used in the febrile neutropaenic host
who has not responded to maximum antibacterial treatment.

Treatment of mucosal candidiasis: Fluconazole.
Treatment of systemic candidiasis: Ophthalmology review is mandatory.
If catheter related, remove catheter and culture tip.
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Unresponsive sepsis - some considerations

surgical drainage necessary
e.g. intra-abdominal sepsis
sinusitis
acalculus cholecystitis

Intravascular device infection?
Immunosuppression?
e.g. leucopaenia

Another infection source?
e.g. tuberculosis

Non-microbial inflammation?

e.g. necrotic tissue
non-infective SIRS
vasculitis

Other cause for fever?
e.g. pulmonary embolus, transfusion reaction

Superinfection?
e.g. fungal infection

Atheromatous or cholesterol emboli?
Inadequate therapy?

If non-neutropaenic host; fluconazole is just as efficacious as amphotericin B and
is less toxic. Dose 400 mg IV or PO, once daily.

If neutropaenic, use amphotericin B.

Amphotericin B: continue until there is clinical improvement.

Lipid formulations of amphotericin are less toxic but have limited availability and
are extremely expensive.

Toxic effects.

Aspergillosis

Unlike infections caused by Candida spp., aspergillosis is primarily an exogenous
infection and dissemination is usually from a pulmonary source. It is the sec-
ond most common infection caused by a fungal genus in immunocompromised
hosts (apart from patients with AIDS in whom Cryptococcus is more common).
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Is it an autoimmune disease?

When you keep adding or changing antibiotics, think of a non-microbial
inflammatory disease.

Autoimmune disease, particularly vasculitis manifests as fever accompanied by
single or multiorgan dysfunction and needs to be differentiated from unresponsive
septicaemia.

Autoimmune diseases

Systemic lupus erythematosus (SLE)
Polymyositis

Dermatomyositis

Chronic active hepatitis
Rheumatoid arthritis
Glomerulonephritis

Sjogren’s syndrome

Wegeners’ granulomatosis
Goodpasture’s syndrome

Common presentations of autoimmune disease
Fever

Psychosis, confusion, seizures

Anaemia, pancytopaenia

Haemoptysis, dyspnoea

Myocarditis

Jaundice

Cutaneous vasculitis, palpable purpura

Arthralgia, swollen joints

Pain and polymyositis

Aspergilloma formation and allergic aspergillosis do not usually occur in seriously
ill patients.

Diagnosis
Although the growth of Aspergillus spp. in tracheal aspirates can be a normal
finding, in an immunocompromised patient such a finding should be treated
with a high index of suspicion.

Blood cultures are rarely positive for Aspergillus spp.

Treatment
Treatment is with amphotericin. Itraconazole also has activity and can be used
in the maintenance stage of treatment. New agents such as voriconazole show
considerable promise.

The combination of amphotericin B with an azole (e.g. fluconazole or itra-
conazole) is antagonistic and should not be used.
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Screening investigations for autoimmune diseases

Haemoglobin and full blood count.

Antinuclear antigen (ANA)
A positive result is suggestive of:

SLE

polymyositis
dermatomyositis
Sjogrens syndrome
rheumatoid arthritis

However, false positives are common.

Double stranded DNA
If positive, suggestive of SLE.

Extractable nuclear antigen
Diagnosis depending on which type of antigen is positive.

Rheumatoid factor
Indicator of active rheumatoid arthritis.

Complement levels €3, 4, CH50
If low suggests a complement activating disease is present.

Antineutrophil cytoplasmic antibody (ANCA)
If positive, indicates Wegener’s or crescentic glomerulonephritis. ;(ANCA indicative
of Wegener’s and pANCA indicative of microscopic polyangitis syndrome.

Antiglomerular basement membrane antibody (anti-GBMADb)
Indicates Goodpasture’s syndrome.

Creatinine phosphokinase
If high, consistent with polymyositis.

Antimitochondrial antibody
Indicates primary biliary cirrhosis.

Anti-smooth muscle antibody
Indicates chronic active hepatitis.

Cryoglobulin

Consistent with essential mixed cryoglobulaemia.
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Microbiology: some tips on interpreting results

Microbiology findings, unlike biochemical parameters, are open to interpretation as to their
relevance and what, if any, clinical action should be taken. Liaise closely with microbiologists
about the relevance of positive findings and the trends in surveillance.

The following should be considered:

Does the patient have a clinical infection?
Are the microbiology results relevant to the clinical findings?
If the results are relevant, the most appropriate treatment should be chosen.

Blood cultures
Very useful if positive.
Approximately 50% of positive cultures are due to contamination.

Sputum

There is little correlation between the microorganisms that cause pneumonia and the
organisms found in the sputum of seriously ill patients. The diagnosis is clinical.
Positive blood cultures and other techniques are more accurate.

Streptococcus pneumoniae may be present in patients with acute bronchitis or can even
be found in the throat of a normal carrier, in addition to being a cause of pneumonia.
Haemophilus influenzae and Moraxella catarrhalis are common colonisers in chronic
airflow limitation and may not be clinically significant.

Staphylococcus aureus is often associated with the presence of a NG tube and chronic
bronchitis.

Mixed growth of non-haemolytic streptococci and Neisseria spp. is usual in the normal
throat flora.

Coliforms, including Escherichia coli and Klebsiella, are common colonisers, especially in the
seriously ill.

Wounds

Staphylococcus aureus in a pure heavy growth from an inflamed wound is suggestive of
a wound infection. However, scanty or light growth could represent colonisation.
Streptococcus pyogenes, even in small numbers, is probably significant.

Other organisms, even in high numbers, may simply be colonisers of wounds:

Coagulase negative staphylococci almost always a coloniser
Diptheroids virtually always a coloniser

Enterococci

Gram-negative aerobes including:

Pseudomonas

Coliforms

Urine

A pure growth of more than 10? viable bacteria/L in a midstream specimen with elevated red
and/or white cells is suggestive of a UTI. Catheter samples invariably have red and white cells
and colonisation, and so a diagnosis of UTI on that basis alone is inappropriate. There must
be other signs of systemic infection.
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Trauma

¢ The key to good results in trauma patients is rapid resuscitation and defini-
tive care.

* A systematic, standardised team approach is required for optimal assess-
ment, resuscitation and definitive treatment of patients.

» Whereas it is common to undertransfuse hypovolaemic patients, it is almost
impossible to overtransfuse them.

Multitrauma

The golden hour

What happens during the first hour or ‘golden hour’ following severe trauma will
largely determine the patient’s eventual outcome. Rapid resuscitation is essential.
Restoration of the circulation is one of the key goals in managing patients with
major trauma. In the presence of significant hypovolaemia, blood is redirected to
the so-called vital organs — the brain, heart and kidneys. The so-called non-vital
organs suffer relative ischaemia. This has important implications for the splanch-
nic circulation. Hypoperfusion of the gastrointestinal tract (GIT) predisposes to
bacterial translocation and endotoxin absorption across a compromised mucosal
barrier. This is compounded by ischaemia of the reticuloendothelial system, par-
ticularly the liver, which otherwise would filter bacteria and toxins from the portal
circulation. It has been proposed that bacterial translocation predisposes to the
multiorgan failure (MOF) frequently seen after multitrauma. It is crucial, there-
fore, to rapidly restore the circulation. This means not only maintaining a nor-
mal blood pressure (BP) but also guaranteeing perfusion to the non-vital organs,
particularly the GIT.
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Table 14.1. Assessment guidelines for multitrauma

Primary survey: assessment of ABCs

1 Airway and cervical spine control:

Use chin-lift and jaw-thrust manoeuvres; then oropharyngeal airway and intubate
if in doubt

Protect the cervical spine

2 Breathing:
All patients should be given the maximum FiO, initially
Artificially ventilate if in doubt
Evacuate pneumothoraces and haemopneumothoraces

3 Circulation, with haemorrhage control:
Use at least two large IV cannulae — rapid fluid replacement
Do not hesitate to use group-specific blood
Give inotropes, if necessary, and exclude cardiac tamponade
Do not place patient head down

4 Disability: Conduct a brief neurological evaluation

5 Exposure: Completely undress the patient

Ensure that the ABC parameters have been stabilised before proceeding to the secondary
survey.
Rapidly and simultaneously assess (history and examination) and resuscitate

Secondary survey

Head and skull (including ears)

Macxillofacial injuries

Neck

Chest

Abdomen/pelvis

Back, perineum and rectum — log-roll the patient
Extremities

Complete neurological examination

Appropriate x-rays, laboratory tests and special studies
‘Tubes and fingers’ in every orifice.

O 0 N O\ Ul W N~
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Summarise findings and plan the next stage of treatment

Initial assessment and management (Table 14.1)

Airway

Initial attempts to establish an airway include chin-lift and jaw-thrust manoeu-

vres. Blood and secretions should be sucked out, foreign bodies removed and

an oropharyngeal airway inserted, if necessary. If there is any doubt about the

airway, intubate, especially if the patient is unconscious or has facial injuries.
Special attention should be given to the possibility of a fracture of the cervical

spine. The patient’s head should be immobilised when establishing or maintaining
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Figure 14.1. Factors that can affect ventilation in patients with multitrauma.

an airway. Maintain the cervical spine in a neutral position. This can be facilitated
by having an assistant hold the patient’s head in the neutral position during intu-
bation. Other ways of immobilising the cervical spine when damage is suspected,
or has not been excluded, include the use of semirigid cervical collars, sandbags

and taping the head to a spinal board.

Breathing

Ensure adequate ventilation. The patient’s breathing may be compromised by a
decreased level of consciousness, airway obstruction, pneumothoraces, haemoth-
oraces, diaphragmatic injury, multiple rib fractures, flail chest, cervical spine
damage, phrenic nerve damage or increased intra-abdominal pressure (Figure

14.1).

If there is any doubt about the patient’s breathing — intubate and ventilate.
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Table 14.2. Five sites of major blood loss

1 External: Conduct an examination and take a history

2 Chest: Loss will be obvious on the chest x-ray or as loss from an intercostal catheter

3 Abdomen: Use lavage or clinical examination

4 Retroperitoneum: This is a diagnosis of exclusion, if 1-3 are negative. Retroperitoneal
losses are often associated with a fractured pelvis

5 Major fracture: Examine femur, pelvis and pelvic x-ray

If ventilation remains a problem, rule out the possibility of a tension pneu-
mothorax, which would worsen with positive-pressure ventilation.

Rapidly drain any significant collections of air or blood in the pleural cavity.

All patients who are in shock are hypoxic and need oxygenation with as high a
fraction of inspired oxygen (FiO;) as can be administered, as well as monitoring
with pulse oximetry.

Circulation

Restore the blood volume — hypovolaemia is the most common cause of hy-
potension in trauma (Table 14.2). It is difficult to overtransfuse hypovolaemic
patients, but it is extremely common to undertransfuse them. Never place a
shocked patient in the head down position. Leg elevation is a better temporary
measure for hypotension. However, the best treatment for hypovolaemia is rapid
fluid replacement. Always use two large (at least 16 gauge) peripheral cannulae.
Control obvious sources of external haemorrhage and consider urgent definitive
surgical control of bleeding. Rule out the possibility of cardiac tamponade.

Early definitive surgery rather than fluid replacement has been demonstrated
to be advantageous for penetrating wounds of the torso. Extrapolation to other
settings is potentially dangerous. Elective hypotension, as it is sometimes called,
to control bleeding, is the same as elective ischaemia or shock. Intravascular
restoration of the circulation should occur while urgent surgery is planned
and performed. Both should occur together and not be considered as self
exclusive.

Type of fluid for initial intravascular volume replacement: There may be advan-
tages in using colloid or even hypertonic saline rather than crystalloid solution,
in cases of severe hypovolaemia (see Chapter 8). However, the real challenge
is to replenish the circulating volume as rapidly as possible. Because a saline
cross match for ABO compatibility (type specific) can be performed in less than
10 minutes, rapidly cross-matched (group-specific) blood should be used early in
cases of severe bleeding until fully cross-matched blood is available. Fully cross-
matched blood (99.9% serologically safe) is only marginally safer than group-
specific ABO compatible blood (99.4% serologically safe).
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Table 14.3. Immediate investigations for patients suffering severe multitrauma

Immediate blood cross match and baseline values for biochemistry, arterial blood gases
and haematology

Chest x-ray (if there is a widened mediastinum or other signs of ruptured thoracic aorta,
an immediate aortogram is necessary)

Lateral x-ray of cervical spine

Pelvic x-ray

Diagnostic peritoneal lavage or abdominal ultrasound

Cranial CT scan — for all patients with significant neurological impairments or
deteriorating neurological signs

Initial monitoring (Table 14.3)

As a first step, it is important to simultaneously assess and rapidly resuscitate. Do
not spend time on complicated monitoring or investigations until the patient is
adequately resuscitated.

Respiration

o Adequacy of airway and chest movement.

« Airway pressure if the patient is ventilated.

« Colour.

 Respiratory rate.

e Chest x-ray.

« Pulse oximetry (non-invasive, continuous, easily obtained estimate of oxygena-
tion that can, however, be compromised by poor peripheral perfusion.

Circulation

« Pulse rate will more accurately ‘track’ hypovolaemia in the young than in the
elderly.

« Blood pressure: Because of well-developed sympatheticoadrenal responses, a
young, fit patient often will maintain good arterial BP until just before circula-
tory collapse, whereas in the elderly, BP tracks the circulation more accurately.

« Urine output: Beware of inappropriate polyuria secondary to use of alcohol,
mannitol or intravenous contrast solution.

o Arterial blood gases, particularly arterial pH, can reflect the status of the circu-
lation. Failure to correct metabolic acidosis usually reflects hypovolaemia.

« Skin perfusion, as estimated by skin temperature, will provide a simple indica-
tion of hypovolaemia in multitrauma patients. It may be difficult to estimate
when a patient has central hypothermia, when there is a low ambient temper-
ature or when the local arterial blood supply is compromised.
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» ECG monitoring is easy to perform and can be useful during the early stages of
resuscitation, even as a continuous readout of pulse rate.

Later monitoring

When a patient is stable, measurement of central venous pressure (CVP) may
be useful for estimating fluid replacement. However, the only value in having
a central line initially is to facilitate fluid administration, not to measure in-
travascular pressures. Even then it is preferable to use a large diameter cannula.
When the patient has been initially resuscitated, measurements such as pul-
monary artery wedge pressure (PAWP), cardiac output, oxygen delivery (DO,)
and oxygen consumption (VO,) may be useful for fine-tuning the circulation.
The use of a pulmonary artery catheter has not improved the outcome in patients
with trauma, nor indeed in intensive care generally. The place of tonometry
(measurement of gastric mucosal pH) following major trauma has not been
determined.

Further assessment and management

History

A history of the incident should be sought, especially from the first person on
the scene, as well as from the patient, if possible and others who witnessed the
incident that caused the trauma.

Examination

A top-to-bottom examination of the patient should be performed: Determine the
level of consciousness using the Glasgow Coma Scale (GCS) and document any
lateralising signs. Look for external scalp lacerations (which can cause significant
roadside blood loss), otorrhoea, rhinorrhoea, facial fractures (use palpation),
flail segments and fractured ribs. Examine the neck for tenderness, penetrating
wounds, pulses and bruits, venous distension, tracheal position and evidence of
subcutaneous air. Remove all clothing and carefully examine the abdomen and
pelvis. Perform rectal and vaginal examinations. Always examine the patient’s
back. All this should take only minutes. Finally, assess the limbs. Do not x-ray
limbs at this stage; wait until the patient is adequately resuscitated. Radiography
is time-consuming. Limb fractures usually are obvious and are not immediately
life-threatening.

The next steps
Continue to reassess the airway, ventilation, oxygenation and circulation during
the initial examination. Keep the patient warm.
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Table 14.4. Features to be noted on a lateral cervical spine view

All seven vertebral bodies must be clearly seen, including C7 to T1 junction

Evaluate alignments of the posterior cervical line, the four lordotic curves, the anterior
longitudinal ligament line, the posterior longitudinal ligament line; the spinolaminal
line and the tips of the spinous processes

Evaluate the predental space (< 3 mm in adults, 4-5 mm in children)

Evaluate each vertebra for fractures and increased or decreased density (e.g. compression
fracture)

Evaluate the intervertebral and interspinous spaces (an angulation of more than 11° ata
single space is abnormal)

Evaluate fanning of the spinous processes, suggestive of posterior ligament disruption

Evaluate prevertebral soft tissue distance (< 7 mm at C2 and < 5 mm at C2—-C4)

Evaluate the atlanto-occipital region for possible dislocation

Laboratory tests: Take blood for cross matching, if necessary, and for other
determinations: haemoglobin, haematocrit, white cells, platelets, urea, creatinine
and electrolytes.

Cervical spine x-ray: Obtain a lateral view of the cervical spine (Table 14.4). If
all seven bodies cannot be seen, maintain spinal immobilisation until the initial
resuscitation is complete when further views can be contemplated. A lateral film
will detect damage in approximately 75% of cervical spine injuries. Conditions
that are associated with higher risks for cervical spine damage include neck ten-
derness, an altered level of consciousness, alcohol intoxication and other signs
and symptoms suggestive of spinal damage; such associated conditions may in-
dicate the need for further spinal views. A lateral, antero-posterior and odontoid
view will exclude 95% of injuries. A CT of the neck will increase accuracy to 99%.
There is less emphasis on a lateral cervical spine being considered as an urgent
investigation if the patient has a decreased level of consciousness or severe multi-
trauma, as the cervical spine will be considered unstable until definitive cervical
spine investigations are complete.

Upright chest x-ray: An upright chest x-ray is the next investigation to be
performed. Attend to any gas or fluid collections and check for a widened medi-
astinum. Further investigation is required in the case of a widened mediastinum.
Note fractured ribs, lung contusion and heart size.

Pelvic x-ray: Following the chest x-ray and a lateral view of the cervical spine,
the only other x-ray that should be obtained early in the patient’s management
is a pelvic x-ray to exclude fractures that might be sources of substantial blood
loss. ‘Springing’ of the pelvis is a very poor indicator of fractures and probably
should no longer be employed. A pelvic x-ray is probably not necessary in a fully
conscious patient with no symptoms.

Abdominal examination: A careful examination of the abdomen should be
conducted, including palpation of all four quadrants and a pelvic examination if
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it has not already been performed. Focused abdominal ultrasound or diagnostic
peritoneal lavage should be considered at this stage. If the shock cannot be rapidly
corrected, or if the bleeding is obvious and is from such a source that it may be
life-threatening, surgery should be performed immediately.

Nasogastric (NG) tubes should be used for intubated patients if there is no
contraindication, such as the suspicion of a basilar skull fracture, in which case
tubes should be placed orally.

A urinary catheter should be inserted if there is no evidence to suggest urethral
disruption (e.g. blood at the urethral meatus), no perineal, scrotal or penile injury
and no abnormality on examination of the prostate.

Microbiology: Tetanus toxoid and tetanus immune globulin, as well as antibi-
otics, should be administered if they are clinically indicated.

Placement
After resuscitation, patients who have sustained severe trauma will follow one of
several paths:

 Operating theatre for surgery.

e CT scan.

 Angiography — either aortogram (if there is a widened mediastinum) or pelvic
embolisation (for uncontrolled bleeding).

« An intensive care environment: All other investigations and x-rays can be per-
formed in an ICU. In some centres, the initial receiving room or an adjacent
area may serve as a site for continuous management, rather than in an ICU.

» General ward (if the patient is stable) or discharge (if there was only minor
trauma).

As part of the trauma audit process, the time of transfer from the receiving room
to another unit should be recorded and delays should be reviewed.

Damage-control surgery

Some patients have horrendous injuries and should be considered early for
damage-control surgery (see Table 14.5). The aim of the initial surgery is to
stop bleeding and prevent contamination. No definitive surgery is done. The pa-
tients are then taken to ICU to be warmed and further resuscitated followed by
definitive surgery later.

Continuing management in intensive care

Continuing management in an ICU has the following goals:

« Assessment and continuing resuscitation.
« Co-ordination of all other services and planning for further definitive care.
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Table 14.5. Criteria for damage control surgery

Shock

Hypothermia: temperature < 35 °C

Non-surgical bleeding: prothrombin time > 16 seconds, partial thromboplastin time
> 50 seconds

Acidosis: pH < 7.18 or worsening base deficit

Massive transfusion or resuscitation: > 10 units packed red blood cells

Prolonged operation

« Secondary examinations for injuries overlooked initially (minor fractures, soft
tissue damage and nerve injuries can be easily missed during the flurry of initial
resuscitation).

Monitoring

A primary, continuing aim during resuscitation is to promote DO, to the cells (see
Chapter 16) which is the product of adequate oxygen saturation, haemoglobin
and blood flow. Although continued frequent monitoring of skin perfusion, BP,
pulse rate, urine output, chest movement, respiratory rate and colour is essential
in assessing DO, further monitoring procedures may be needed:

« Arterial blood gases (for assessing oxygenation, ventilation and adequacy of
circulation).

o CVP (may be of help in assessing blood volume).

« Pulse oximetry.

o PAWP, cardiac output — transthoracic echo cardiography.

« Frequent chest x-rays, biochemistry and haematology tests.

o Tonometry — rarely used now.

Ventilation and oxygenation

Patients in shock have cellular hypoxia. Frequent determination of blood gases
and pulse oximetry are necessary to assess oxygenation. The possible causes of
acute respiratory failure in this setting include aspiration, lung contusion and
excessive crystalloid transfusion. Nosocomial pneumonia or acute lung injury
(ALI) can develop later.

If the airway is compromised, intubation is necessary. When a patient’s venti-
lation (assessed by clinical appearance and PaCO,) is inadequate, artificial venti-
lation may be needed. If oxygenation is not adequate with an ordinary face mask,
continuous positive airway pressure (CPAP) delivered by a special mask, by nasal
mask, or via an endotracheal tube (ETT) may be necessary. Where possible, en-
courage CPAP or pressure-support ventilation (PSV), rather than mandatory
ventilation (with all of its attendant disadvantages) (see Chapter 19).
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Fluid replacement

Peripheral perfusion, arterial BP, pulse rate and urine output remain the most
accurate and simple guides to fluid replacement in multitrauma patients. When
large amounts of fluid must be used in resuscitation, colloids will cause less pe-
ripheral and pulmonary oedema than crystalloids (see Chapter 4). Maintenance
fluids are not necessary during the early stages of resuscitation. Titrate the colloid
or blood replenishment against intravascular measurements and serial haemat-
ocrit values. Fluid losses often are underestimated, but rarely overestimated.

Haemoglobin is essential for the oxygen carrying capacity of the blood and it
can be monitored in terms of the haemoglobin concentration (maintain at least
10 g/dl) or haematocrit (more then 30%) during active resuscitation.

In addition to coagulation studies and ongoing platelet count, serum potas-
sium and phosphate concentrations should be measured frequently during active
resuscitation and replaced as necessary. Hypothermia can severely impair coag-
ulation and must be aggressively corrected.

Pain relief

Adequate pain relief is crucial after multitrauma. Many limb fractures and chest
injuries will lend themselves to local or regional anaesthetic techniques when the
patient is stable; otherwise, a continuous opiate infusion titrated against pain will
ensure patient comfort (see Chapter 7). Patient controlled analgesia is effective
when the patient is co-operative and able.

Other investigations

When the patient is relatively stable, other investigations may be necessary. Even if
apatient appears stable, it is essential that observation and support by trained staff
be continued during any procedure or investigation, especially those involving
transport.

Cranial CT scan: A cranial CT scan is essential for detecting epidural, subdural
and intracerebral haematomas, as well as cerebral oedema and contusions. It is
also useful for defining skull and cervical spine fractures. Cranial CT scans should
be performed for all patients with neurological impairment or when there are
neurological signs of deterioration. This is an essential investigation for all but
minor head injuries and is useful for defining the extent of faciomaxillary injuries.

X-rays of long bones: Rarely is it urgent to x-ray the extremities. That should be
delayed until the patient has been fully resuscitated. Exceptions would be fractures
causing vascular or acute nerve injury and fractures associated with great loss of
blood.

Intravenous pyelogram: An IV pyelogram should be obtained for a patient with
significant or sustained haematuria or severe abdominal trauma near a kidney or
ureter. A single shot of 100 ml of contrast fluid and a plain abdominal film will
give adequate information.
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Cystogram: A cystogram may be necessary for a patient with haematuria in
combination with trauma to the lower abdomen or pelvis. Infuse 150-300 ml of
contrast fluid into the bladder through a urinary catheter.

Urethrogram: For a patient suspected of having a urethral tear, a urethrogram
requires injection of 30 ml of contrast material gently through the urethral meatus.

CT of abdomen: Abdominal CT is used for assessing the liver, spleen, kidneys,
pancreas, retroperitoneal space and free peritoneal fluid.

FAST (Focused abdominal sonography for trauma): FAST is useful for rapid
assessment of intra-abdominal free fluid.

The spine: Fractures and dislocations of the spine can result in devastating
consequences. After obtaining a lateral cervical x-ray, other views of the cervical
and thoracoabdominal spine may be necessary. In these circumstances anterior-
posterior and open mouth views are probably indicated. If the patient has further
unexplained symptoms or signs, or if the films are not satisfactory, then oblique
views, flexion extension views, or CT scan views can also be performed.

Thoracic aortogram: A thoracic aortogram is necessary if rupture of the tho-
racic aorta is suspected. Suspicion is aroused by features such as a widened
mediastinum, obliteration of the aortic knob, apical capping, pleural effusion,
opacification of the angle between the aorta and the left pulmonary artery and
depression of the left main bronchus to an angle of less than 40° with the trachea.
Immediate performance of aortography for suspected rupture of the thoracic
aorta necessitates a high incidence of investigations whose findings are negative
(approximately 80-90%). A thoracic CT scan, even with contrast, is not as accu-
rate as an aortogram in these circumstances. Transoesophageal echocardiography
(TOE) is being increasingly used.

Long-term complications

The complications in intensive care are minimised by early and aggressive
resuscitation.

A patient who has experienced a period of decreased perfusion related to mul-
titrauma will inevitably sustain some cellular injury, and that is the basis for many
of the complications that follow severe trauma. The immune system is affected,
predisposing to wound infection and sepsis. Decreased visceral perfusion predis-
poses to acute stress ulceration, renal failure, hepatic insufficiency, pulmonary
insufficiency and MOF (see Chapter 9).

Acute stress ulceration

Preventive measures should be considered in all cases of multitrauma in the ICU.
If early enteral feeding is contraindicated, then treatment with cytoprotective
agents, e.g. H-receptor antagonists should be instituted.
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Acute renal failure

The best protection against renal failure is rapid and efficient resuscitation.
Intra-abdominal hypertension should be considered in all at-risk patients and
monitored for. Decompressive surgery should be performed if renal function is
compromised.

Wounds
Meticulous surgical debridement of wounds and removal of foreign bodies are
the most important steps in preventing wound infection.
Grossly contaminated wounds will become infected with or without the use of
antibiotics. These wounds require debridement and avoidance of primary closure.
Maintaining adequate tissue oxygenation and perfusion is more important
than prophylactic antibiotics in preventing infection.
Tetanus immunisation is given if necessary.

Intra-abdominal complications
Always be alert to an intra-abdominal source of infection. Thorough saline wash-
ing at the time of laparotomy is important when there has been gut perforation.
Intra-abdominal sepsis is a common and often lethal complication after severe
injury. Its management is outlined elsewhere.

It may be inappropriate to use primary closure in the presence of contused and
ruptured gut, depending on the extent of damage.

Repeated laparotomies are advisable in patients with mesenteric vascular
injuries.

Nutrition (see Chapter 5)

The metabolic responses to trauma are manifested through the neuroendocrine
system and include marked protein breakdown. That response can be partially
modified by measures such as rapid resuscitation and pain relief. However, the
catabolism of trauma is largely obligatory. Enteral feeding should be instituted
rapidly if at all possible. The vast majority of patients with severe trauma can
tolerate enteral feeding in the early postoperative period. Nasogastric feeding
may be initially unsuccessful and other techniques such as nasojejunal feeding or
a feeding jejunostomy may provide practical and easy alternatives for facilitating
enteral feeding. Parenteral nutrition should only be considered as a last resort
and only after the patient has been resuscitated (see Chapter 5).

Sepsis

Sepsis is a frequent complication of multitrauma, especially in the presence of
renal failure. Rapid resuscitation and surgical debridement will decrease the inci-
dence. Prophylactic antibiotics may sometimes be indicated (e.g. intra-abdominal
soiling). However, continuing awareness of the possibility of a septic focus and
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an aggressive search for its source (e.g. intra-abdominal abscess, lung abscess,
wound infection) are essential. The use of selective decontamination of the di-
gestive tract (SDD) may decrease the incidence of sepsis among multitrauma
patients. Active or passive immune support may play a role in the future.

Rehabilitation

It is important to counsel relatives and friends early during the management
of severe trauma and to be honest about the devastating long-term sequelae,
especially if there are head injuries. They should be encouraged to accept the
possibility that the healing process may take months or even years, and they
should pace themselves accordingly. Patients usually need their greatest support
from relatives and friends later during the long and frustrating rehabilitation
process, rather than the first few days of resuscitation.

Fat embolism syndrome

Fat embolism occurs in approximately 90% of patients with long bone fractures.
Only 3—4% of those will go on to develop the florid fat embolism syndrome (FES) —
severe hypoxia, decreased level of consciousness and petechiae.

Clinical presentation
Thereisawide spectrum of presentation, ranging from mild hypoxia to full-blown
FES.

Ninety per cent of patients will develop symptoms within 24 hours of injury,
but some can have a latent period up to 72 hours post injury.

The diagnosis is normally made using Gurd’s criteria (Table 14.6). One major
sign and four minor signs are necessary for a diagnosis of FES.

Respiratory failure: Dyspnoea, tachypnoea and hypoxia are the initial signs.
Bilateral infiltrates can be seen on the chest x-ray. Acute lung injury and pul-
monary hypertension can develop rapidly in patients with severe FES.

Bronchoalveolar lavage can aid the diagnosis, sensitivity and specificity are
increased with serial lavage and > 35% fat-laden macrophages.

Central nervous system: Signs can range from anxiety, irritation and confusion
to convulsions and coma (a score of 9 or less on the Glasgow Coma Scale). Exclude
other causes (e.g. head injury in trauma). A CT scan may show cerebral oedema.
Petechial haemorrhage is common; larger haemorrhages are rare.

Skin and other areas: A petechial rash (axillae, anterior chest or conjunctivae)
will appear in 25-50% of patients.

Retinal findings include exudates, haemorrhage and cotton wool spots.

Tachycardia and fever (> 38 °C) are common.

Laboratory findings:
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Table 14.6. Clinical features of fat embolism

Major

1 Petechial rash

2 Respiratory symptoms plus bilateral signs, with positive radiographic changes
3 Cerebral signs unrelated to head injury or any other condition

Minor

Tachycardia

Pyrexia

Retinal changes (fat or petechiae)

Urinary changes (anuria, oliguria, fat globules)
Sudden drop in haemoglobin

Sudden thrombocytopaenia

High erythrocyte sedimentation rate

Fat globules in the sputum
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« hypoxaemia, often with a large alveolar-arterial oxygen gradient (see Chapter
17)

« hypocarbia

decreased haemoglobin

o thrombocytopaenia

coagulopathy

« hypocalcaemia

chest x-ray — bilateral infiltrates.

Management: Prophylactic:

« Rapid, expert resuscitation is needed.

o Early immobilisation of fractures reduces the incidence of FES. Early fixation
of fractures reduces respiratory complications but may worsen outcome in
haemodynamically unstable patients.

The mainstay of treatment is supportive — there is no definitive treatment.
Respiratory: The principles of treatment are as for any other form of acute
respiratory failure and ALI.
Cardiovascular:

» Maintain oxygen delivery — adequate haemoglobin, cardiac output, and SaO,.
» Right side pressures may be high secondary to pulmonary hypertension.

« Inotropes with or without vasopressors may be required.

« Diuretics can decrease the extravascular water in the lungs.

Central nervous system: Coma in patients with FES usually is completely
reversible.
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Specific drugs: There is no role for aspirin, dextran, ethyl alcohol or heparin.
The place of corticosteroids is not yet clear. Several studies have suggested that
prophylactic steroids can benefit high-risk patients, but others have maintained
that outcomes are just as good with supportive care only.

Prognosis: The pathophysiology in patients with fat emboli is completely re-
versible and survival should be 100%. The mortality rate for FES can approach
10%, mainly because of respiratory failure.

The trauma system and scoring

The trauma system

It is becoming increasingly recognised that severe trauma should be managed by
specialised multidisciplinary units. The expertise needed for dealing with trauma
is not ensured simply by putting all the components in one place (intensivists,
specialist surgeons, accident and emergency specialists, anaesthetists, rehabilita-
tionists, etc.). A system must be organised around all that expertise and adequate
numbers of patients must be available for the team to maintain their skills and
for the system to work efficiently. As in the case of cardiac surgery, specialist cen-
tres are necessary to concentrate the expertise needed to manage severe trauma.
Operational protocols, rapid response multidisciplinary teams and facilities for
education, data collection and auditing all must be integral parts of this system if
trauma is to be managed effectively. The trauma system need not be a specialised
stand-alone unit, but can be integrated into existing tertiary referral centres.

Trauma scoring

Measurement of the severity of injury is an essential prerequisite for effective
trauma care. The trauma system must be monitored and audited. That requires
data collection and analysis, which in turn are based on trauma scoring. Trauma
scores are also used for triage, prediction of outcome, epidemiology, research
and planning of trauma services. Systems of scoring fall into two main patterns:
physiological and anatomic.

Physiological scoring system

Glasgow Coma Scale: The GCS is universally used to classify head injuries.
APACHE II system: The APACHE II system is used to classify patients admitted

to ICUs and is based on an acute physiology score, age and chronic health eval-

uation. This score correlates well with the trauma score and the injury severity

score and complements both.
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Revised trauma score: The revised trauma score (RTS) is based on a scale
of increasing severity from 7.8408 (best prognosis) to 0 (worst prognosis). The
trauma score can be used as a component of a triage protocol and used together
with other scores for predictive purposes. It is based on three parameters: the
GCS, systolic BP and respiratory rate. A cut-off value of less than 4 has been
suggested as identifying those individuals requiring care in a trauma centre.

Anatomic scoring systems

Abbreviated injury scale: The abbreviated injury scale (AIS) was one of the first
anatomic scales to be developed and it has been revised several times. The latest
is the AIS-90, developed in 1990. The score reflects both the anatomic and patho-
logical results of major trauma. Every injury is coded on the basis of anatomic
site, nature and severity. The AIS correlates well with outcomes.

Injury severity score: The injury severity score (ISS) was developed specifically
to score major injuries and it expresses a combined score for the most severe
injury in each of the three most severely affected areas of the body. The severity
is assigned by the AIS and the ISS is expressed on a scale of increasing severity
(0-75%). The score is calculated by summing the squares of AIS scores. For
example, consider this set of injuries:

Abdomen ruptured spleen AIS5
Chest fractured ribs AIS2
Limbs fractured femur AIS3

The ISS score will be 5% + 22 + 32 =25+ 4 + 9 = 38.

An ISS of 16 or more is taken as defining major trauma and corresponds with
an average mortality rate of 10%.

The ISS is used in conjunction with other scores to guide triage and to indicate
prognosis and it has been validated for use with penetrating injuries in adults of
all ages and for children over the age of 12 years.

Combined trauma scores

More accurate predictions are often obtained when several scoring techniques
are combined. The trauma score, ISS and age are used in combination to form
the TRISS method which allows comparison of outcome against a baseline rate
while controlling the mix of severities of patients’ injuries.

Outcome comparisons

It is becoming increasingly important to measure one’s own trauma practice and
compare it with other systems, with a view to identifying weaknesses and attempt-
ing to achieve better outcomes. Some tools that help us to compare outcomes are
as follows.
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Z statistic: The Z statistic is for comparison of outcomes for two population
subsets. The Z statistic quantitates the difference between actual and predicted
numbers of deaths.

Peer review: Expert reviewers of trauma deaths (working ‘blind’) are often used
to determine whether or not trauma deaths had any preventable components,
based on an arbitrary scale. If this tool is tested for interobserver and intraobserver
reliability, it can indicate points of possible weaknesses in the system.

Standardised mortality ratio: The standardised mortality ratio (SMR) is the
ratio between observed deaths and expected deaths. A SMR below unity indicates
a decreased risk of mortality in the sample, whereas an SMR greater than unity
indicates increased risk.

Blunt abdominal trauma

Diagnosis

Clinical examination

Clinical examination of the abdomen is mandatory and may reveal signs of ex-
ternal trauma, pain on palpation, guarding, rigidity, distension and so forth.
However, such signs sometimes are unreliable in the acute situation and girth
measurements are of no value. Immediate laparotomy should be performed in
any case in which there is the suspicion of abdominal trauma and haemodynamic
instability.

Chest x-ray
This is necessary when looking for features such as fractured ribs over the spleen
(ribs 9, 10 and 11) or liver, pneumoperitoneum or rupture of the diaphragm.

Diagnostic peritoneal lavage
Diagnostic peritoneal lavage (DPL) is a sensitive test for intraperitoneal blood. It
is performed as a sterile procedure in the emergency department by inserting a
catheter into the peritoneum just below the umbilicus, or just above the umbilicus
in any patient with a fractured pelvis.

Indications: Indications for DPL are equivocal abdominal findings (e.g. where
fractured lower ribs or fractured pelvis may obscure findings) or a situation in
which there are no clear indications for immediate laparotomy, but the patient

« has unreliable abdominal findings, because of head injury, drugs or paraplegia
(or because the patient is paralysed and ventilated)

« faces an anticipated lengthy investigation (e.g. angiography) or surgery for
extra-abdominal injuries

« has unexplained blood loss.
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Technique for DPL:

Decompress the urinary bladder by inserting a urinary catheter.

Decompress the stomach by inserting a NG tube.

Prepare the abdomen for surgery with antimicrobial solution and drapes.

Inject local anaesthetic down to the peritoneum in the midline, one-third

the distance from the umbilicus to the symphysis pubis (above the umbilicus

where a pelvic fracture is suspected).

Vertically incise the skin and subcutaneous tissue down to fascia.

Incise the fascia and peritoneum and prevent fascial retraction with clamp.

Direct the catheter towards the pelvis.

Aspirate, and if frank blood or enteric contents appear, there is urgent need

for laparotomy.

9 Infuse warmed isotonic saline at 10 ml/kg (up to 1 L). Gentle agitation will

aid mixing and distribution throughout the abdominal cavity.

10 Wait 5-10 minutes and then siphon fluid off by placing the isotonic saline
container on the floor.

11 A blood clot or heavily blood-stained fluid is unequivocally positive, as is a

red blood cell count of greater than 100 000/ml. Although such findings are

uncommon, the fluid should also be examined for white cells, amylase and

food particles, with a Gram-stain used to search for bacteria.
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Negative findings at lavage rule out significant haemorrhage in the peritoneal
cavity. However, they do not rule out retroperitoneal injuries (e.g. duodenum
and pancreas). Patients with pelvic fractures can have false-positive findings at
lavage, as in approximately 15% of cases blood will leak from the retroperitoneal
space into the peritoneum. Angiography may help identify the site of bleeding in
these circumstances.

Relative contraindications:

« previous abdominal operations
» morbid obesity

« advanced cirrhosis

« pre-existing coagulopathy

» advanced pregnancy.

Laparotomy
If hypovolaemia cannot be rapidly controlled and there is no obvious site of
bleeding (e.g. external or chest or fractures), there is urgent need for laparotomy.

(T scan

This has an advantage over DPL because it can detect other intra-abdominal
abnormalities, including retroperitoneal haemorrhage. CT scanning is time-
consuming and is contraindicated in unstable patients.
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Abdominal ultrasound

In skilled hands, ultrasound is a reliable method for detecting haemoperitoneum
and it offers a valuable non-invasive means for investigating blunt abdominal
trauma. Free intraperitoneal fluid is best demonstrated in the hepatorenal pouch.
Abdominal ultrasound, scintigraphy and CT scan may detect injuries not obvious
on DPL, but they cannot substitute for DPL for the detection of intra-abdominal
blood.

Principles of management

Spleen

The spleen is the most common intra-abdominal organ affected by blunt trauma.
About half of all ruptures are associated with fracture of ribs (9—11) on the left
side.

There is no place for drainage: Either totally or partially remove the spleen if
active, uncontrollable bleeding is suspected.

It is becoming more common to treat splenic trauma conservatively, especially
in children. A CT scan is usually obtained and the patient is observed for signs
of bleeding. Delayed rupture of the spleen occurs in up to 10% of patients with
splenic haematomas.

Patients who undergo total splenectomy have a small risk (<1%) of post-
splenectomy sepsis. Encapsulated bacteria such as pneumococci, meningococci
and haemophilus are the commonest organisms. Vaccination should be carried
out in these patients.

Liver
The liver is in second place among the intra-abdominal organs most commonly
affected by blunt trauma.

Approximately 70% of all liver injuries can be managed conservatively. Oth-
ers require resection and, in a small percentage, packing to stop the bleeding.
The current approach is to perform the minimum surgery necessary to control
bleeding.

Pancreas
Pancreatic injury is relatively rare. However, it is important to mobilise the duo-
denum and identify the pancreas when performing any laparotomy for trauma.
A haematoma around the pancreas at operation should alert the surgeon to the
possibility of severe underlying damage.

The amylase concentration is an imprecise diagnostic tool; CT scan is a much
better indicator of pancreatic damage.

With blunt trauma, drainage at laparotomy is often sufficient. Duct damage
must be surgically repaired early.
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Hollow viscus
The perforation must be repaired early. Liberal peritoneal lavage (10-15 L of
warm isotonic saline) should be used at operation.

The bowel may need to be resected and a stoma fashioned.

Adequate drainage and prophylactic antibiotics are necessary for peritoneal
soiling.

Repeat laparotomy is advisable after mesenteric vessel injury, in order to assess
gut viability.

Diaphragm
The diaphragm is involved in 4% of all cases of multitrauma and must be surgically
repaired.

Retroperitoneum and pelvis

Pelvic fracture: The diagnosis of a fractured pelvis is made on the basis of an x-
ray. ‘Springing’ of the pelvis is a very unreliable sign and may worsen the injury.
There is increasing interest in surgical fixation of pelvic fractures — either external
or internal fixation, with or without traction. Stabilisation may be important
both for immediate survival (by decreasing the bleeding) and for improvement
in long-term functioning. The exact roles of external and internal fixation are
not clear at present. Neither is the timing of such procedures. Primary internal
fixation may be indicated when laparotomy or bladder repair is being performed
in a patient with symphyseal disruption or major vessel laceration.

Retroperitoneal bleed: Bleeding into the retroperitoneum is very common,
especially in association with a fractured pelvis and it is best defined by CT
scan.

Most retroperitoneal haematomas do not require surgical intervention after
blunt trauma, even if discovered at laparotomy. Pelvic retroperitoneal haematoma
can result from venous bleeding at fracture sites, disruption of pelvic veins in the
posterior pelvic plexus, or disruption of deep pelvic arteries, often distal branches
of the internal iliac vessels. Perirenal haematomas and midline haematomas can
also occur in the retroperitoneal space.

Although blood loss can be considerable, it usually ceases spontaneously. How-
ever, major haemorrhage from this area is frustrating and difficult to treat when
life-threatening. Pelvic stabilisation using external pelvic fixation can decrease
bleeding and is sometimes lifesaving. In the right hands, interventional radiology
and, if necessary, embolisation can achieve excellent results. It should be per-
formed in all cases of proven retroperitoneal haematomas with uncontrollable
bleeding. Continuous bleeding can sometimes be from an arterial source rather
than venous plexus bleeding. Arterial bleeding is more amenable to surgery than
venous bleeding.
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Continuing management in intensive care

Such patients usually have other injuries and require close monitoring of vital
signs, continuing resuscitation and further investigation of injuries in many cases.

Abdominal compartment syndrome

Patients with abdominal trauma may develop increasing intra-abdominal pres-
sures. Such increased pressure will seriously compromise the blood supply to
most intra-abdominal organs and can cause renal failure. Girth measurements
are of no value in this situation and all patients should have intravesical pressure
measurements.

Intra-abdominal sepsis

Intra-abdominal sepsis and MOF remain major contributors to mortality fol-
lowing severe trauma. Intra-abdominal sepsis is, in fact, usually characterised
by the onset of MOF, rather than by localising signs. If suspected, it should be
aggressively investigated and treated (see Chapter 9).

Thoracic injuries

Chest trauma is often associated with trauma at other sites. Resuscitate and
monitor these patients as previously outlined for multitrauma and maintain
a high index of suspicion regarding other injuries.

In particular, closely monitor for signs of blood loss and respiratory distress.

Surgery is seldom indicated for patients who have sustained blunt chest trauma.
The major principle of management is to provide support for the patients while
their injuries heal. Most chest injuries are adequately treated with chest drains
for air and blood collections, as well as adequate pain relief; but do not hesitate to
consider surgery for massive air leak or continuing and significant intrathoracic
bleeding.

Conservative management depends on complete pain relief, often in conjunc-
tion with manoeuvres to improve oxygenation (e.g. CPAP). If this fails, artificial
ventilation may be necessary, especially in the presence of associated injuries.

Immediate resuscitation

The principles of resuscitation are the same as for multitrauma patients.

Airway
Establish a reliable airway.
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Breathing: Is there respiratory distress? Look for:

« tachypnoea

« tachycardia

o decreased movement of one side of the chest (the abnormality will always be
on that side)

+ low oxygen saturation.

Feel for and listen for

o tracheal deviation

« surgical emphysema

» percussion (a large pneumothorax will sound ‘hollow’)
« breath sounds.

Give all patients 100% oxygen initially.
Rule out the possibility of pneumothorax (simple, tension or open) and
haemothorax.
Restore the mechanics of breathing if necessary, by artificial ventilation.
Circulation:

« Rapidly restore the intravascular volume.

» Hypovolaemic shock is by far the most common cardiovascular problem in
trauma patients, but one must exclude the possibility of cardiac tamponade,
myocardial contusion and infarction.

Chest x-ray

There is no single investigation which offers more important information than
an upright chest film in the presence of chest trauma. Look for:

« pneumothoraces and other examples of extra-alveolar air (EAA), such as sub-
cutaneous emphysema, mediastinal emphysema and pneumoperitoneum

 haemothorax

rib fractures

« lung contusion

aspiration

« signs associated with a ruptured diaphragm

 widened mediastinum and, more rarely, cardiac tamponade.

If there is a widened mediastinum or other radiological signs, exclude the
possibility of a ruptured thoracic aorta by immediate aortography.
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Pneumothorax

Clinical sign

Decreased entry of air and tracheal deviation usually occur with a significant
pneumothorax, together with cardiorespiratory collapse, unless it is drained. If
the patient is being ventilated and develops a pneumothorax, the ventilatory
pressure can suddenly rise and the patient can become hypoxic. A high index of
suspicion is essential for patients with multitrauma.

Management

Open pneumothorax: Cover the pneumothorax immediately with an airtight
dressing and insert an intercostal tube but not through the directly damaged part
of the chest.

Tension pneumothorax: If the patient is in severe respiratory distress and a
pneumothorax is clinically suspected, insert a 12 gauge catheter in the second
intercostal space, mid-clavicular line, in order to decompress the air. Follow this
with a chest tube in the fifth-sixth intercostal space.

Simple pneumothorax: The rule for all severely injured patients is that a pneu-
mothorax should be drained with a chest tube, no matter how small it is. This is
particularly important in the presence of underlying respiratory disease or when
a patient is to receive positive-pressure ventilation.

Chest tube: Except in emergency circumstances, insert the chest tube in the
fifth or sixth intercostal space, mid-axillary line. It should be a large, straight tube
with a blunt plastic tip. Liberal use of local anaesthetic should be followed by an
incision of approximately 2 cm; then blunt dissection down to the pleura and
insertion of the tube by directing it posteriorly and superiorly toward the apex.
Avoid purse string sutures; use simple mattress sutures. Confirm the position of
the catheter by chest x-ray and by the presence of bubbling and swinging of the
fluid level in the underwater seal. Check the chest x-ray for correct siting of the
distal holes within the pleural cavity. Place the underwater seal under the bed
during transport. Never clamp an intercostal tube. Suction is often necessary to
drain blood and sometimes to drain air. However, suction may exacerbate the air
leak. A single tube is usually adequate for air and fluid drainage. Multiple tubes
in appropriate positions may be necessary for loculated collections. If a single
chamber chest drainage bottle is used to drain chest fluid, it should be changed
frequently; otherwise, as the level of fluid rose, the efficiency of drainage would
decrease.

Other manifestations of extra-alveolar air

Whereas a pneumothorax and localised subcutaneous emphysema resulting from
a punctured lung are the most common manifestation of EAA, gas can also
collect in other sites, leading to conditions such as mediastinal emphysema,
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pneumoretroperitoneum and pneumoperitoneum. These can occur in associ-
ation with blunt chest injuries. The mechanism is not necessarily related to punc-
ture of the lung by fractured ribs. It usually involves severe blunt injury against a
closed glottis. That causes simultaneous rupture of alveoli at the time of trauma,
in a manner similar to a massive Valsalva manoeuvre. Air moves in the adventitia
of pulmonary vessels as pulmonary interstitial emphysema to the mediastinum to
cause mediastinal emphysema, then up into the neck and over the anterior chest
wall to produce subcutaneous emphysema. It can break through the thin medi-
astinal pleura to cause a pneumothorax, or alongside the oesophagus and aorta to
yield pneumoretroperitoneum and pneumoperitoneum. The clinical importance
of these phenomena is as follows:

1 Subcutaneous emphysema in the neck, rather than at the site of fractured ribs,
may indicate EAA formation by this mechanism, rather than by lung puncture.
Subcutaneous emphysema and mediastinal emphysema can also occur in com-
bination with a pneumothorax associated with rupture of the tracheobronchial
tree. Rarely, subcutaneous emphysema and mediastinal emphysema can occur
after a ruptured oesophagus.

2 The presence of simultaneous subcutaneous emphysema and mediastinal em-
physema, simultaneously, without a pneumothorax, points to massive pul-
monary interstitial emphysema as the mechanism rather than a punctured
lung.

3 Positive-pressure ventilation can predispose to further EAA.

4 Pneumoperitoneum and pneumoretroperitoneum must be differentiated from
a ruptured abdominal viscous.

5 Management of EAA formation involves reducing thelevel of positive-pressure-
support. For example, use CPAP rather than intermittent positive-pressure
ventilation (IPPV) where possible. Use techniques such as pressure-support in
order to reduce the level of positive-pressure.

Rupture of the tracheobronchial tree

A bronchopleural fistula (BPF) is a communication between the bronchial tree
and pleural space, resulting in a massive air leak. Simultaneous rupture of many
alveoli can also cause a large air leak.

Diagnosis

« Presence of a large, continuous leak from the chest tube.
« Persistent pneumothorax, despite chest drains.

« Bronchoscopy — most rupture 1-2 cm from the carina.
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Management

1 Use a large diameter intercostal catheter.

2 Drainage: The catheter either can be attached to an underwater drain or can
be connected to suction. Usually a suction level of no more than 20 cmH,0O is
sufficient to facilitate flow.

3 Ventilatory strategies:

» Lowest effective tidal volumes, peak inspiratory pressures and positive end-
expiratory pressure (PEEP) should be employed to encourage healing of the
BPF.

« High frequency ventilation can encourage decreased ventilatory pressure and
healing of the BPF.

« Independent lung ventilation, using either CPAP or low tidal volumes on the
affected side and normal tidal volumes and pressures on the other side, can
reduce the leak in a BPF.

Surgery (e.g. bronchial stump stapling or decortication) is sometimes necessary
when the leak will not respond to the foregoing measures.

Haemopneumothorax

The bleeding from a haemopneumothorax usually stops without surgical in-
tervention. Any significant haemothorax (i.e. visible on chest x-ray) should be
drained viaalarge intercostal tube. The same tube can be used to drain both air and
blood if a pneumothorax is also present. Blood loss is accurately reflected by the
loss from the intercostal tube. Continued bleeding usually indicates arterial loss
from an intercostal artery, rather than from the low pressure pulmonary circuit.

Thoracotomy should be considered when the total blood loss is more than
1500 ml or if drainage of blood exceeds 300 ml/h for more than 4 hours.

Lung contusion

Lung contusion or ‘bruised’ lung is usually associated with rib fractures, especially
a flail chest. In children, contused lung occurs commonly without rib fractures,
because a child’s rib cage is more flexible.

Lung contusion is usually seen on initial chest x-ray as a patchy infiltrate that
typically progresses over the next 24—48 hours before it begins to clear. Lung
contusion is invariably associated with hypoxia which can be very severe. The
spectrum of severity varies from mild to life-threatening pulmonary oedema.
There can be simultaneous alveolar rupture necessitating a ventilatory technique
that employs relatively low intrathoracic pressures such as CPAP, in order to avoid
further lung damage and EAA formation. Some patients with severe hypoxia and
contusion can develop long-term changes in respiratory function and exercise
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tolerance. The long-term changes probably result from underlying lung damage
in combination with high ventilatory pressures.

Treatment (see the general principles of treating respiratory failure)
The principles of management are as follows:

« Use a face mask with a high concentration of inspired oxygen.

» Use CPAP via a mask if it can be tolerated, provided there are no contraindica-
tions such as a fracture of the base of the skull and provided adequate ventilation
is possible.

 Maintain circulating volume with colloid or blood, avoiding excessive amounts
of crystalloid.

« Use positive-pressure ventilatory techniques such as pressure-support ventila-
tion, if ventilation is inadequate (see Chapter 19).

« Pain relief: Epidural, intrapleural or intercostal nerve blocks will provide excel-
lent pain relief when there are associated rib fractures.

Monitor progress with:
o Serial chest x-rays (at least daily).

o Serial determinations of arterial blood gases or pulse oximetry.

Fractured ribs

Fractured ribs can be a life-threatening condition. The risk increases with age
and when the patient is a smoker.

Fractured ribs are often associated with severe pain. Pain restricts coughing
and breathing, predisposing to sputum retention, atelectasis, pneumonia and
respiratory failure.

Fractured ribs are often associated with underlying lung contusion.

Fractured ribs can puncture underlying structures.

Fractured ribs are often difficult to diagnose on initial chest x-ray. As an empir-
ical rule, the actual number of fractured ribs will be double the number seen
on chest x-ray.

o The fractures may be simple or multiple or part of a flail chest.

Fractures of the first and second ribs are associated with higher incidences of
damage to the myocardium, major vessels and bronchi.

« Even a small number of simple rib fractures in an elderly patient or in a patient
with underlying lung disease can cause life-threatening complications such as
hypoventilation, collapse and pneumonia.

It is easy to underestimate the seriousness of fractured ribs and flail chest.



Thoracic injuries

They should be aggressively treated with pain relief, with or without CPAP.
These patients tend to look best at admission and to slowly deteriorate, especially
those who are old or obese or have underlying lung disease.

« There is little, if any, place for surgical repair of fractured ribs.

Flail chest: Flail chest is caused by fractures in two or more locations on each of
three or more adjacent ribs. While the paradoxical movement of the flail segment
can interfere with ventilation, the flail segment is more as a marker of underlying
severe lung contusion.

Treatment: The thrust of treatment has moved away from stabilisation of rib
fractures and mechanical ventilation.

The cornerstone of conservative treatment is complete pain relief. Pain relief can
be provided by intermittent or continuous doses of narcotics or by regional local
anaesthetic techniques such as intercostal nerve block or thoracic epidurals. The
choice of techniques will depend on the extent of the rib fractures, the severity of
pain and associated injuries and the expertise of the operator.

Complete pain relief often allows adequate spontaneous ventilation. Early as-
sisted ventilation with CPAP or pressure-support ventilation can prevent prob-
lems such as lung collapse and pneumonia. A CPAP mask should not be used for
patients who have a depressed level of consciousness, facial fractures or base of
skull fractures.

Intubation and artificial ventilation are sometimes necessary, especially if there
are associated injuries such as head trauma or spinal injuries or when a pa-
tient is obese or has grossly unstable rib fractures. Where possible, mask CPAP
and complete pain relief should be used, rather than intubation, ventilation and
systemic narcotics as the former are associated with fewer complications. Early
tracheostomy should be considered in patients with fractured ribs who need
intubation, as they usually require at least 2—3 weeks of respiratory support.

Pleural drainage

Drainage of air or fluid from the pleural space requires an airtight system to
maintain the subatmospheric intrapleural pressure. To drain air or fluid, a low
resistance tube is needed with a one-way valve (usually underwater). The amount
of suction generated is determined by the distance between the pleural cavity and
the collection chamber. The lower the chamber, the more suction. However, when
air pockets break the continuity of the fluid column, less suction is generated.
Thus, in addition to lowering the collection chamber, negative pressure may also
be necessary to facilitate air and fluid removal. The collection chamber should
always be more than 100 cm below the chest in order to prevent fluid from being
sucked up into the chest when large subatmospheric pressures are generated (e.g.
during obstructed inspiration). Unless precise flow measurements are used, the
amount of suction needed is empirical. Excessive suction can potentiate air leaks.
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A small amount of suction (less than — 20 cmH,O) can help overcome resistance
to airflow within the system.

Alarge diameter chamber (about 20 cm diameter) will maintain the underwater
seal with minimum resistance to drainage. The catheter should be placed about
2 cm under the water. If a one bottle system is used there is increasing resistance as
the chamber fills as well as difficulty in measuring in the presence of bubbling and
foaming. Two, three and four bottle systems will increase safety and efficiency but
they are more cumbersome and expensive. Commercial devices that are compact
and disposable using two, three or four bottles are beginning to be used in many
ICUs (Figures 14.2 and 14.3).

The system is monitored by observing synchronous oscillations. If blockage is
suspected, gentle milking of the tube can be performed. The pleural tube should
never be clamped and the collection chamber should always be kept below the
level of the chest during transport. Consideration should be given to removing
the intercostal catheter after bubbling has ceased for more than 12 hours. A chest
x-ray is needed after removal of the catheter to exclude accumulation of air or
fluid.

Aspiration

Aspiration should always be considered a possibility especially in association with
coma, intoxication and facial fractures.

Aspiration can be distinguished from contusion on the basis of its distribu-
tion on chest x-ray, as well as on the basis of the appearance and smell of the
tracheal aspirate. Look for radio-opaque foreign bodies (e.g. teeth). Consider
bronchoscopy if obstruction by a foreign body is suspected. Respiratory support
for aspiration involves the same general principles as for contusion.

Traumatic rupture of the diaphragm

Rupture of the diaphragm occurs in approximately 5% of cases of blunt trauma
to the trunk. The left side is more commonly ruptured than the right which is
protected by the liver.

Presentation

* A ruptured diaphragm is very difficult to detect clinically, particularly if the
patient is on positive-pressure ventilation.

 Diminished chest expansion and air entry.

o Tracheal deviation with underlying mediastinal shift.

» Bowel sounds in the chest.
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Figure 14.2. Pleural drainage systems. The drainage system consists of a water seal,
drainage trap, pressure control chamber and connecting tubes. In the case of a single
bottle, the water seal also acts as the drainage trap for fluid and air (above). The bottle
either is vented to air or has suction attached to it. A two-bottle system contains a bottle
that acts as a drainage trap as well as a water seal and a separate bottle for suction
control. A three-bottle system has one bottle for drainage, one as a water seal and the
third for suction control.
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Figure 14.3. Commercially available systems can combine the three-bottle setup into
one disposable lightweight and transportable package that allows a separate drainage
area, underwater seal compartment and suction control compartment (right). Reprinted
by permission of Blackwell Scientific Publications Inc. Gilbert, T.B.N., McGrath, B.J., and
Soberman, M. Chest tubes: indications, placement management and complications.
Journal of Intensive Care Medicine 8 (1993): 73—86.
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Investigations
Chest x-ray is by far the most important investigation but can be difficult to
interpret. Abnormalities can include:

o elevated left hemidiaphragm

« herniation of abdominal organs
» mediastinal shift

» haemothorax

« atelectasis

« abnormal position of NG tube.

Liver scintigraphy
Ultrasound

CT scan
Laparoscopy/thoracoscopy.

Management
All diaphragmatic lacerations should be surgically repaired at an early stage be-
cause of the risk of herniation of an abdominal viscous.

Oesophageal trauma

Oesophageal trauma usually is a result of a penetrating injury. Symptoms include
pain and dysphagia. Signs include mediastinal air and gastric contents draining
from the chest tube. Treatment is surgical. Oesophageal rupture after blunt trauma
is rare and usually fatal.

Cardiac injuries

Myocardial contusion

Myocardial contusion is associated with blunt anterior chest injuries, espe-
cially involving a fractured sternum. The right ventricle lies under the ster-
num so it is unusual for myocardial contusion to cause haemodynamic
compromise.

The contusion can be diagnosed on the basis of serial ECGs, creatinine phos-
phokinase (CPK) MB fraction levels, troponin I, technetium-99m scanning, ECG
gated scintigraphy or echocardiography. None of these is entirely satisfactory ei-
ther for diagnosis or for demonstrating the extent of the contusion or prognosis.
The most promising method for assessment is echocardiography.

Cardiac contusion usually responds to conservative measures. Patients with
normal ECGs and normal clinical findings on admission usually do not require
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monitoring. However, an abnormal admission ECG or an arrhythmia is an indi-
cator for further assessment.

Penetrating cardiac injuries

Chest injuries associated with cardiac injuries

« Penetrating wounds that are unlikely, judging from site and direction, to be

associated with cardiac injury occurring in patients with no evidence of shock.

This grouping comprises approximately 80% of such cases. Treatment includes

observation with or without drainage.

Suspicious chest wounds, usually over the cardiac area, in patients who are

hypotensive but who respond well to fluid replacement. Approximately 50%

of these patients will deteriorate and need surgical exploration. Monitoring

and resuscitation must be carried out while transport is quickly arranged to
an institution where facilities for immediate cardiac surgery are available. An

ECG should be performed. These account for approximately 15% of all such

cases.

« Highly suspicious chest wounds in a small group (approximately 5%) of mori-
bund patients who require immediate thoracotomy to relieve tamponade, rapid
fluid resuscitation and internal cardiac massage. Many of these will achieve full
recovery if treatment is rapid.

Pericardial tamponade

Pericardial tamponade usually is associated with penetrating injuries, but can
result from severe blunt trauma.

Tamponade rapidly becomes life-threatening by interfering with cardiac
function.

Patients with cardiac tamponade classically present with hypotension, dis-
tended neck veins and muffled heart sounds. If a patient is also hypovolaemic,
the neck veins may not be raised. If the neck veins are raised, consider ten-
sion pneumothorax, myocardial contusion and myocardial infarct as alternative
diagnoses.

Emergency thoracotomy rather than pericardiocentesis is usually needed, even
if the patient appears moribund, as the blood within the pericardium is often
clotted. Complications of pericardiocentesis include laceration of the heart and
coronary vessels during aspiration.

Cardiogenic shock

Hypovolaemic shock is by far the most common type of shock associated with
trauma. However, cardiogenic shock can occur in some patients (e.g. the elderly)
who have myocardial infarction, either as precipitating causes of their accidents
or coincidentally.
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Figure 14.4. Radiological signs of a ruptured thoracic aorta.

Great vessel injury

Great vessel injury is relatively rare after blunt trauma. The diagnosis should
be considered in all cases of severe decelerating injuries (e.g. a head-on collision,
being thrown from a car or a fall of more than 10 metres). A high index of suspicion
is required for this diagnosis and these injuries have serious consequences if they
are overlooked.

Most patients with ruptures of the great thoracic vessels die instantly. A survivor
will have a contained haematoma and will need rapid management. Half of the
surviving patients will die each day if left untreated.

A ruptured thoracic aorta usually is suspected when an upright chest x-ray
shows a widened mediastinum and blurring of the aortic knob. Other associated
radiological signs (Figure 14.4) include fractures of the first and second ribs,
deviation of the trachea to the right and a pleural cap. However, these signs are
inconsistent and difficult to interpret on an anterior-posterior x-ray made with
the patient supine.

If the mediastinum is seen to be widened on upright chest x-ray, aortography,
rather than thoracic CT, is the investigation of choice.

A TOE has also been shown to be useful in the diagnosis of thoracic aortic
rupture.
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Surgical repair should be performed in specialised centres with cardiopul-
monary bypass facilities.

Spinal injuries

Injuries of the cervical spine

An awake, co-operative, asymptomatic patient does not have a cervical spine
injury.

Any patient who has suffered trauma and who has a compromised level of
consciousness should be assumed to have injuries of the cervical spine until proved
otherwise. Although a high index of suspicion should always be maintained,
resuscitation procedures should not be compromised or delayed. Compared with
airway obstruction, hypovolaemia and respiratory impairment, spinal injuries are
uncommon. If the airway is compromised, intubation has the highest priority,
and it can almost always be safely achieved by holding the head and neck in a
neutral position during the procedure.

Injuries of the cervical spine are often associated with certain activities (e.g.
sporting injuries, diving into a shallow pool) or with severe multitrauma, espe-
cially in association with head injuries. Injuries of the cervical spine are found in
5-10% of patients who are unconscious after a fall or a vehicle crash.

One should suspect spinal injury in the presence of the following:

« flaccid areflexia

» localised pain or sensory and motor deficits

« unexplained hypotension, normal pulse rate and peripheral vasodilatation
« diaphragmatic breathing

« absence of anal and bulbocavernosus reflexes

e priapism.

Lateral x-rays of the cervical spine should be obtained for any patient who has
sustained severe multitrauma, as soon as the patient is adequately resuscitated. All
seven vertebrae must be visualised. Simple antero-posterior and lateral cervical
views will exclude most fractures. More sophisticated views may be necessary
after resuscitation. When cervical spine damage is suspected in a patient with
head injuries, CT views of the cervical spine area in question should be obtained
at the same time as a CT view of the head. Subluxation may not be demonstrated
on CT scan.

Management

Spinal immobilisation is the mainstay of treatment

o Hard collar (soft collars are of little value).

« Sandbags on each side of the head, and the head taped to a spine board.
e Manual inline immobilisation, with the head in a neutral position.
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Immobilisation helps to reduce fractures and dislocations, correct spinal mis-
alignments and decompress the cord and nerve roots. Definitive treatment may
involve traction. Surgery is sometimes indicated in unstable fractures in order to
facilitate nursing care and reduce delays in mobilisation.

Intubation and ventilation may be required if the cord lesion involves the
phrenic nerve C3, C4, C5 or above. Intubation usually can be safely achieved
by an experienced operator with an assistant performing manual inline immo-
bilisation. Atropine (0.4 mg IV) should be given for persistent bradycardia and
inotropic support (e.g. adrenaline infusion is sometimes necessary to correct
persistent hypotension. It is important to maintain an adequate perfusion pres-
sure in these patients. Overzealous administration of fluids can cause pulmonary
oedema.

A urinary catheter and NG tube should be inserted.

Methylprednisolone, 30 mg/kg stat and 5.4 mg - kg~! - h™! for 23 hours, given
within 8 hours of injury, may, in the long-term, help to preserve sensory and
motor function, although more research data are needed at this point.

Selective hypothermia, naloxone, hyperosmotic agents and coma treatment
have shown equivocal results.

All patients with significant spinal injuries should be transferred to a specialised
spinal unit as soon as they have been resuscitated.

Fractures of the thoracic and lumbar spine

Ifathoracic or lumbar spinal injury is suspected, immobilisation must be achieved
above and below the site (i.e. head and neck, chest, pelvis and extremities may all
need to be immobilised on a spine board). Once resuscitation has been achieved,
log roll the patient and assess for pain and a palpable deformity.

Thoracic spine
The commonest fracture in this region is a wedge fracture from hyperflexion.
This fracture is usually stable.

Lumbar spine

Fractures of the thoracolumbar and lumbar spine are more likely to be unstable
than are injuries of the thoracic spine. As the spinal cord terminates at L1-L2,
cord lesions at this site can cause a mixture of spinal cord (bladder and bowel
signs) and cauda equina signs (sensory deficits in lower limbs).

Genitourinary trauma

 Genitourinary trauma is commonly associated with pelvic fractures.
o Trauma to the male urethra, bladder and kidneys is relatively common whereas
trauma to the ureters is rare.
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« A rectal examination should be performed before a urinary catheter is passed.

» Haematuria is a common non-specific sign. Only when the haematuria is sig-

nificant and prolonged should investigation of the urinary tract be undertaken.

An intravenous pyelogram (IVP) probably is worthwhile only if there are more

than 30 red blood cells per high power field. The only exception may be haema-

turia in a patient with severe abdominal trauma in order to determine the state
of renal blood flow.

Urological investigations are time-consuming and only rarely are the injuries

immediately life-threatening. They should be delayed until the patient is fully

resuscitated.

o AnIVP can be achieved with 30% contrast material at 1-2 ml/kg (up to 100 ml),
followed by a plain abdominal film within 5-10 minutes. This will show most
major abnormalities in the kidney and collecting system. If a kidney is not
visualised, selective renal angiography may be indicated. Delayed films and
tomography may be needed to further evaluate renal parenchyma and ureters.
In the presence of an abnormal IVP, CT is often the next diagnostic step as it is
highly sensitive and accurate.

Kidney trauma

Trauma to the kidneys usually results in contusions or lacerations, which often
will heal with conservative management. Persistent haemorrhage or extravasation
of urine will require surgery.

Bladder trauma

Among patients who sustain blunt trauma, bladder rupture is rare when the
bladder is empty, usually occurring only when it is full (e.g. after prior alcohol
intake), especially in association with fractured pelvic rami or a separated pubic
symphysis. Rupture can present as haematuria, positive findings on peritoneal
lavage, anuria or even peritonitis.

A retrograde cystogram may be indicated in the presence of haematuria and a
fractured pelvis. It can be readily performed by gravity infusion of 150-300 ml
of water-soluble contrast material. Antero-posterior, oblique and post-drainage
views are necessary to exclude injury. The priority of IVP over cystography hinges
on whether upper or lower tract injury is more likely. A CT scan with IV contrast
is increasingly being used to evaluate the urinary tract in the presence of pelvic
fractures.

Urethral trauma

Urethral trauma is a rare problem. When it does occur, it is usually in association
with severe blunt trauma to the pelvis and perineum. A high riding prostate,
blood at the urethral meatus and a scrotal haematoma are contraindications for
placing an indwelling bladder catheter. Either a suprapubic cystostomy, if the
bladder can be palpated, or urethrogram should be considered.
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If the patency of the urethra is in doubt, an urethrogram should be obtained
before catheterisation This is achieved by the gentle injection of 30 ml of water-
soluble contrast through the urethra via a urinary catheter secured in the meatal
fossa by balloon inflation to about 3 ml.

Penetrating trauma

The early management of a patient who has suffered penetrating trauma is the
same as for those with other injuries. The patient should be managed with the
same systematic approach in the primary and secondary surveys, as well as for
more definitive treatment. Much of this is discussed under specific sections in
this chapter (e.g. abdomen, chest, extremities). However, there are specific as-
pects of penetrating trauma that one should remember during assessment and
treatment.

Penetrating chest injuries

« Lacerations of intrathoracic organs can cause catastrophic blood loss. Emer-
gency thoracotomy rather than trying to maintain the circulation with intra-
venous fluids may be necessary. The indications for emergency thoracotomy
are discussed elsewhere.

» When the positioning of a penetrating foreign object or the entry and exit

wounds suggest that the mediastinum has been traversed, exploratory thora-

cotomy is mandatory, even if the patient is initially stable, as the probability of
damage to vital structures is high.

Pulmonary lacerations are associated with a pneumothorax or haemotho-

rax. Major, life-threatening lacerations are uncommon, representing about 4%

of thoracic trauma cases, usually accompanied by haemoptysis or haemop-

neumothorax with parenchymal haematoma. These patients usually require
thoracotomy.

Cardiac lacerations can result in rapid exsanguination into the pleural space,

cardiac tamponade and other injuries, depending on the site of penetration.

Large vessel penetration presents as massive bleeding in more than 50% of

cases. If the damage is intrapericardial, pericardial tamponade may result. Less

serious injuries can result in false aneurysms or arteriovenous fistulae. Urgent
surgery rather than IV fluid administration is often required.

A lacerated diaphragm, like rupture of the diaphragm from blunt trauma is

a difficult diagnosis to make. Exploratory laparotomy/thoracoscopy may be

necessary, especially when the site of penetration raises suspicion that a knife

or bullet may have gone through the diaphragm.
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Penetrating abdominal trauma

Blood loss can be severe. Rapid replacement through large bore cannulae and
early cross matching are essential.

Every entry wound must be noted, particularly when they are multiple. If there
are exit wounds in the back, bear in mind the possibility of penetration of
abdominal viscera.

Radiographs may demonstrate missiles or foreign bodies within the body.
Penetration of the peritoneal cavity may be evident from the location of the
entry or exit sites or from radiographic visualisation.

Stable patients with stab wounds may only require local wound exploration or
peritoneal lavage.

Laparotomy is mandatory if the lavage fluid contains blood or increased
amylase.

Early administration of antibiotics with a wide spectrum, covering anaerobes
and gram-negative bacteria and tetanus prophylaxis should be commenced if
laparotomy is performed.

Burns

The initial assessment, management and investigations should be carried out
simultaneously, according to the priorities for the particular patient.

History

It is important to determine the circumstances of the burn.

Explosions (liquid, steam, fire): Look for other features such as fractures and
intra-abdominal bleeding.

Burning wood, chemicals, plastic: Think of cyanide poisoning and water-soluble
gases causing pneumonitis.

Burns in an enclosed space: Consider carbon monoxide poisoning.

Initial management

Secure the airway.

Assess and treat respiratory dysfunction.

Replace lost fluids.

Relieve the patient’s pain.

Consider escharotomy or fasciotomy.

Transfer to a burns centre as soon as the patient is resuscitated.
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Airway and pulmonary inhalation injuries

Tracheobronchial and pulmonary parenchymal injuries are due to direct effects
of heat or chemicals.

Inhalational injuries are seen in about 20% of burn patients and are associated
with various factors:

« fire in an enclosed space

o circumferential neck burns

« aperiod of unconsciousness before rescue (especially in association with drugs,
alcohol or head injuries)

« facial burns/singed facial hair

» hoarseness/stridor

« carbonaceous sputum

« dyspnoea, wheezing.

The diagnosis is usually obvious on the basis of history and clinical presentation.

The key to management of these patients is close observation in an environment
in which intubation can be achieved rapidly by skilled personnel. If there is
evidence of upper airway burn, the patient should be intubated.

Acute upper airway obstruction can suddenly develop, in which case one should
intubate and then either artificially ventilate or deliver CPAP. Tracheostomy can
be performed safely in burn victims but it may not be technically possible.

All patients suspected of inhalational injuries should have maximum concen-
trations of inspired oxygen. Chest x-ray and arterial blood gas determinations
should be used to assess the severity of the damage. The initial chest x-ray may
show nothing abnormal.

Parenchymal lung injury or ALI can be related to the primary injury oz, less
commonly, can result from overly aggressive fluid resuscitation. Treatment is
outlined in Chapter 18.

Carbon monoxide poisoning should always be considered a possibility in burn
patients, especially from enclosed spaces. Determine carboxyhaemoglobin lev-
els if in doubt. Symptoms can occur if levels are higher than 15%. Myocardial
ischaemia can occur when levels are higher than 25%. A cherry red skin colour
is an uncommon and unreliable sign.

Fluid replacement

The goal of fluid resuscitation is to maintain adequate tissue perfusion without
exacerbating the burn oedema. The composition of the resuscitation fluid is less
important than is titration of the correct amount for the individual patient’s need.

Estimate the percentage of the body burned and the thickness of the burn
injury (Figure 14.5). Fluid loss is directly related to the fluid sequestered as a
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Front 18%

9% i z

Figure 14.5. The ‘Rule of nines’ for rapid assessment of percentage body burnt. Do not
include simple erythema.

result of thermal injury. Little further sequestration of fluid will occur 18-30
hours post-burn.

Intravenous fluid is required if more than 15% of the body is burned.

The choice between colloid and crystalloid solutions is still controversial. Al-
though some of the colloid particles will leak out of the intravascular space in
the affected area, colloids may be more efficient in terms of restoring plasma
volume and causing less pulmonary and peripheral oedema in the unaffected
areas.

Despite the myriad of formulae for fluid replacement, the aim is to maintain
organ perfusion. This is best achieved by maintaining urine output at least 0.5 ml -
kg ~! - h™! for adults and 1 ml - kg = - h™! for children. This will mean giving
IV fluid at an approximate 2—4 ml/kg/percentage of body burned (% burn) per
day for adults.
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Guidelines

The following is a suggested fluid regimen, assuming that all times are calculated
from the moment of injury. Alterations will have to be made according to the
patient’s clinical status.

Give a balanced salt solution (Ringer’s lactate or Hartmann’s solution) at 2—4
ml/kg x (% burn)/day. Administer half of the amount in the first 8 hours and
the remainder in the next 16 hours. Then give colloid and maintenance fluid as
necessary.

Give blood as necessary (usually required if more than 30% of body is burnt).

Intravenous water in the form of dextrose and water may be necessary, in
addition to the foregoing requirements as maintenance fluid, in order to prevent
hypernatraemia. The amount of water can be empirically titrated against the
serum sodium concentration (usually 1-3 L/day).

Remember that the volume necessary to resuscitate patients with burns is de-
pendent on the severity of the burn, age, physiological status and other associated
injuries. Resuscitation formula are only guidelines.

Immediate investigations

Arterial blood gases.

Urea and electrolytes.

Haemoglobin, blood grouping and cross matching.
Chest x-ray.

Carbon monoxide levels.

12-lead ECG.

Immediate monitoring

Pulse rate and continuous ECG.
Respiratory rate.

Pulse oximetry.

Arterial BP.

Urine output.

Level of consciousness.

Analgesia

Intravenous opiates should be given in liberal quantities for this distressing
injury.

An opiate is best given as a continuous IV infusion, titrated against its pain-
relieving effects.
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Escharotomy

Immediate escharotomy or fasciotomy is occasionally indicated. Rapid excision
of devitalised tissue, combined with early and continuous wound closure with
autograft or artificial skin, is essential.

Nutritional support

Patients with burns have markedly increased metabolic rates, increased rates
of glucose production and utilisation, decreased rates of lipid metabolism and
increased rates of protein catabolism and anabolism. The principles of nutritional
support are the same as outlined for other seriously ill patients (see Chapter 5).
Enteral feeding is preferred, where possible, to IV nutrition. Enteral feeding should
be initiated within 48 hours of burn injury, utilising feeding tubes until the
patient is capable of taking adequate amounts orally. The diet should provide
approximately 50% of calories as carbohydrate, 25% as protein and 25% as fat.

Prophylactic antibiotics and corticosteroids should not be used. Transfer the
patient to a specialised burns unit as soon as adequate resuscitation has been
achieved.

overall course of burns

Days 1-2

Resuscitation

* airway

« breathing

« fluids and support of the circulation.
Days 2-5

Oedema reabsorption

Increase in urine output with potassium losses
Day 6

Marked increase in metabolic rate

Electrical injuries

The damage sustained during electrical injuries is related to various factors:

« Type of current.

« Duration of current flow — the longer the contact, the greater the damage (AC
worse than DC because of tetanic effect on muscles).

« Surface area contacted (greater current density in a small area).

« Resistance (more severe damage occurs in areas of high resistance).

o Current (the higher the current, the greater the damage).
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« Voltage (anything greater than 40 volts is potentially dangerous).
« Current pathway (related to resistance and voltage).

Pathophysiology

Electrical injuries are related to primary electrical trauma and electrothermal
burns that result from electrical energy being converted to heat as it passes
through tissues. Flame burns can also occur if the current ignites clothing or
other material.

Clinical features

Coagulation necrosis: This is the major feature of electrical injuries and it occurs
as a result of vessel thrombosis and heat damage. It can result in extensive tissue
necrosis, similar to that seen with a crush injury.

Cutaneous wounds: Usually there is a charred entry wound with multiple exit
sites.

Cardiac

» Conduction defects, including ventricular fibrillation (VF), ventricular tachy-
cardia (VT), supraventricular tachycardia (SVT), bundle branch blocks and
heart block.

o Myocardial rupture.

o Coronary ischaemia.

Respiratory
» Upper airway burns.
o Haemopneumothorax.

Neurological

« Confusion, seizures and loss of consciousness.

« Cerebral haemorrhage, oedema and focal damage.
« Peripheral nerve damage.

e Spinal cord damage.

» Long-term memory and behavioural problems.

Musculoskeletal

o Tetanic contractions.

« Disruption of muscle cells (release of potassium and CPK).

o Fractures/dislocation of vertebral bodies and other bones as a result of muscle
contraction and/or falls.
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Gastrointestinal

 Nausea, vomiting.

* Bleeding.

o Paralytic ileus.

« Perforated bowel.

« Parenchymatous injury (e.g. pancreas, spleen, gall bladder).

Renal
« Renal failure (albuminuria, haemoglobinuria, myoglobinuria).

Vascular

o Arterial and venous thrombosis and rupture.
» Haemolysis.

 Microcirculation thrombosis.

o Aneurysm formation.

Infection
Cataracts

Management

Initial measures
Remove the patient from the source of the current and ensure ABC:

Airway: Secure the airway and, if necessary, intubate.

Breathing: Assist breathing, if necessary.

Circulation: Give external cardiac massage. Defibrillate, if necessary. Begin ag-
gressive fluid replacement.

Renal function
Renal function deteriorates secondary to hypovolaemia and myoglobinuria. The
treatment for the latter is outlined elsewhere.

Initial investigation and monitoring

Continuous ECG monitoring and pulse oximetry.

Regular monitoring of vital signs (BP, pulse rate, respiratory rate and urine out-
put).

Haemoglobin and haematocrit.

Urea and electrolytes.

Arterial blood gases.

Renal function tests.

Examine for spinal fractures.

Chest x-ray (upright if possible).
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Further management

Assessment, debridement and fasciotomy, if necessary.

Avoid correcting the serum calcium concentration because of the possibility of
ectopic calcification.

Tetanus toxoid prophylaxis and IV penicillin as prophylaxis against clostridial
infection of open wounds.

Crush injuries and acute compartment syndrome

Crush injuries

Although the term ‘crush injury’ is sometimes used to cover a wide range of
pathological changes, from very minor to severe, it is usually reserved for cases
at the more severe end of the spectrum. The clinical signs are determined by the
extent of the compressed area and the depth and duration of the compression.
Such injuries involve both ischaemia and muscle destruction.

Aetiology

Patient’s own weight: (e.g. unconsciousness related to poisoning or long opera-
tions). The heavier the patient, the more severe the damage.

External force: use of antishock garments, limbs caught in machinery, injuries
resulting from collapse of a building, other traumatic events causing compression
and crushing.

Clinical features

Iftheinjuryissevere enough, a crush syndrome will result caused by disintegration
of muscle tissue and rhabdomyolysis with influxes of myoglobin, potassium, uric
acid and phosphorus into the circulation. All of that results in two main categories
of complications:

« Local: There will be variable degrees of pain, swelling and sensory changes.

« Systemic: In more severe cases, hypovolaemia, acute renal failure, severe coag-
ulopathies (including disseminated intravascular coagulation), ALI and shock
can all occur.

Assessment

The extent of both local and systemic damages will require careful monitoring, in-
cluding regular testing of sensory and motor nerves and assessment of peripheral
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pulses. Detection of peripheral pulses does not exclude severe crush injury. Direct
pressure measurements of muscle compartments may be necessary.

Treatment
Resuscitation:

o Administer fluids aggressively: hypovolaemia must be rapidly corrected.

« Regular measurements of arterial blood gases and serum sodium, potassium,
magnesium, phosphate, creatinine, urea, uric acid and calcium are necessary.

« Serum creatine kinase activities, greater than five times normal, are diagnostic
of muscle damage in the absence of other injuries.

« Regular coagulation studies, haemoglobin and platelet counts are necessary.

 Renal function, respiratory function and cardiovascular function should be
closely monitored.

o A CT scan of the affected area may demonstrate myonecrosis.

Respiratory failure: ALI should be treated early.

Renal failure: Correction of hypovolaemia is the most important step in the
prevention of renal failure. Alkalinisation of the urine may help to prevent renal
failure by preventing the myoglobin precipitating in the renal tubules. Aim to keep
the urine pH above 6.5 by an infusion of sodium bicarbonate (10-20 mmol/h).

Diuresis: Aim for a urine output > 200 ml/h using isotonic IV fluids. Beware of
the exacerbation of hypovolaemia that can occur with the use of diuretics. Dialysis
may be necessary if these measures fail. Regularly check serum electrolytes.

Local injury: Excision of dead muscle is not necessarily essential if the wound
is closed. Open crush injuries require fasciotomy and immediate radical debride-
ment of dead muscle. Major bleeding is a common complication.

Dead muscle is an excellent medium for infection and sepsis. Amputation
should be considered early, especially for a more severely injured limb with skin
lacerations.

Fasciotomy should be considered when there is a high compartment pressure
or when distal pulses and capillary filling are absent. Because this will convert
the wound into an open wound, radical debridement should accompany the
fasciotomy. Amputation should be strongly considered in all patients who have
sepsis or open wounds in the presence of a severe crush injury. This is because
the muscle tissue is already dead in true crush syndrome, as opposed to a simple
compartment syndrome.

Acute compartment syndrome

A compartment syndrome is a condition in which high pressure, within a closed
fascial space (muscle compartment), reduces capillary blood perfusion below
the level necessary for tissue viability. Permanent loss of function and limb
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contracture may occur and therefore capillary perfusion should be restored as
soon as possible.

Aetiology

o Fractures (especially of the tibia).

» Contusions.

« Bleeding disorders.

e Burns.

e Trauma.

 Venous obstruction.

« Post-ischaemic swelling after arterial injury or thrombosis.

« Strenuous exercise.

« Prolonged limb compression (e.g. drug or alcohol overdose).
« Tight plaster cast.

Clinical features: the 5 'P’s
Pain: Pain is the most important symptom. It is described as deep and throbbing,
with a feeling of unrelenting pressure. The pain is said to be worse on stretching.

Pressure: The compartment is swollen and palpably tense, although palpation
offers only a crude indication of pressure.

Paraesthesia: Paraesthesia may also be found.

Paresis: Paresis may also occur independently as a result of nerve and muscle
damage.

Peripheral pulses: Capillary refilling and peripheral pulses can be detected in
compartment syndrome, even in the presence of severe muscle ischaemia. This
should not lead to a false sense of security.

All of these signs and symptoms can occur independently as a result of trauma,
and they are difficult to assess in an unconscious patient.

Measurement of tissue pressure
Because palpation offers only a crude estimation of tissue pressure, and the pres-
ence or absence of capillary refilling and peripheral pulses is no guide to the extent
of muscle ischaemia, direct measurement of tissue pressure is a more accurate
guide to the need for surgical intervention. The principle of such a measurement
is a continuous column of fluid from the compartment to a pressure measuring
device. Flushing is necessary to guarantee accurate measurements. Devices that
can be inserted into the compartment to measure pressure include needles, wicks
and slit catheters.

It is suggested that fasciotomies should be performed when the pressure is
more than 30 mmHg. In the absence of a pressure measurement, the symptoms
and signs previously mentioned can be used as guidelines.
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Treatment

Fasciotomy is the treatment of choice for compartment syndrome. If the muscle
appears necrotic, debridement should be carried out and skin incisions not closed.
Partial skin closure (if possible, with further debridement) should occur after 3
or 4 days. Other procedures that can reduce pressure, such as fracture reduction
or escharotomy, should also be performed.

Near drowning

The aim of treatment is to re-establish cardiorespiratory function before neuro-
logical damage occurs. This is more a function of first aid, rather than intensive
care. Rapid initial resuscitation will significantly influence outcome in the ICU.

Precipitating event
Near drowning incidents often are associated with precipitating causes:

« Epilepsy — obtain a history and determine anticonvulsant levels.

« Alcohol intake — obtain a history and determine the blood alcohol level.

« Spinal cord or head injury — especially in association with diving or surfboard
accidents.

« Child abuse — do a skeletal survey.

« Cardiac causes — arrhythmias, acute myocardial infarction.

Airway

If the patient is unconscious or if there is doubt about the patency of the airway,
intubate.

Respiratory function

People who drown or nearly drown rarely aspirate large amounts of water. At
least 10% aspirate no water and probably develop laryngeal spasm — the so-
called dry drowning. However, hypoxia is universal in near drowning incidents.
In drowning without aspiration, hypoxia results simply from apnoea. When the
victim aspirates, the volume and composition of the fluid contributes to the
hypoxia. Stomach contents and contaminated water, even in small amounts, can
cause severe hypoxia. Pulmonary oedema occurs in both fresh water and salt
water drowning and frequently occurs acutely.

Acute lung injury and bronchopneumonia can occur later, usually in associa-
tion with aspiration.



Near drowning 255

Management
The standard approach to hypoxia should be used (see Chapter 16).
Principles:

o Use a face mask with a high concentration of inspired oxygen.
o Use CPAP via a mask or tube if it can be tolerated and if ventilation is not a
problem.
» Maintain the cardiovascular system with colloid or blood and limit the use of
crystalloid fluids.
» Use PSV or IPPV/PEEP if ventilation inadequate.
» Monitor progress:
Serial chest x-rays (at least daily)
Serial blood gas determinations and pulse oximetry

Blood volume and electrolytes

Animal models have shown that fresh water is absorbed into the blood volume
causing dilution, haemolysis and electrolyte disturbances, whereas salt water si-
multaneously decreases the blood volume by osmosis and is absorbed in excessive
amounts. However, in clinical practice there is little difference between salt wa-
ter and fresh water near drowning episodes. Many near drowning victims are
hypovolaemic as a result of pulmonary oedema. Colloids should be used for
initial resuscitation. Major electrolyte disturbances are not common. Neverthe-
less, serum osmolality determinations and serum biochemistry tests should be
regularly performed.

The cardiovascular system should be monitored by routine measurements
of parameters such as arterial BP, pulse rate, peripheral perfusion, arterial pH,
serum lactate and urine output and, if necessary, CVP and pulmonary artery
catheterisation should be used.

Hypothermia

The patients are often hypothermic. If a patient’s temperature is above 30 °C,
allow passive and slow rewarming. Many need catecholamine infusions to main-
tain the cardiovascular system if the body’s core temperature is below 30 °C. Low
temperature alone does not indicate an improved chance for good survival. Pa-
tients who become hypothermic in water that is near O °C before they go into
arrest (primary hypothermia), have a better prognosis than do patients who arrest
early in non-icy waters and then become hypothermic (secondary hyperthermia).
Treatment of hypothermia is described elsewhere (see Chapter 11).
Deliberate induction of hypothermia as part of treatment is controversial.
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Neurological management

The most important aspect in the management of near drowning victims is
maintenance of neurological function. Cerebral oedema and increased intracra-
nial pressure (ICP) usually become evident after 24 hours. Active management
of the neurological sequelae (e.g. corticosteroids, barbiturate coma, induced hy-
pothermia) has largely been abandoned. Nevertheless, the basic principles of
treating cerebral oedema should be applied if the patient is unconscious (see
Chapter 23).

Principles:

« Sitthe patienthead up (>30° inclination to facilitate venous drainage); however,

maintain arterial BP and cerebral perfusion pressure (CPP).

Keep the head straight, and do not tie the ETT with constricting tapes which

could prevent adequate cerebral venous drainage.

« Avoid stimulating procedures or use prior sedation to prevent hypertensive
surges in the presence of an increased ICP and damage to the blood-brain
barrier.

» Maintain adequate oxygenation; avoid hypercarbia and acidosis.

» Minimise the use of crystalloid solutions — maintain ‘euvolaemic dehydra-
tion’

 ICP monitoring can help to increase awareness of the factors that can exacerbate
an already elevated ICP. However, it has not, as yet, been shown to influence
survival. Sustained intracranial hypertension is a poor prognostic sign.

Miscellaneous considerations

Coagulopathy: Severe coagulopathy can sometimes occur. Management is de-
scribed elsewhere.
Renal function: Acute renal failure can occur after near drowning incidents.

Give no steroids.

Give no prophylactic antibiotics.

Use routine intensive care:

Prevention of acute stress ulceration.

Nutrition (see Chapter 5).

Sedation (see Chapter 7).

Prevention of septicaemia (see Chapter 13).

Prognosis

These patients are classified on the basis of their status on admission to hospital
following their rescue:
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A: Awake, 100% survival.

B: Blunted level of consciousness (i.e. obtunded, but can be roused), at least 90%
survival. Most deaths are due to cardiorespiratory causes. Patients in this
group should recover full neurological function.

C: Comatose

Adults: More than 50% survive with variable percentages having some degree
of neurological damage and the remainder die.

Children: Fewer than 50% survive neurologically intact; variable percentages
of survivors will have some degree of brain damage.

The occurrence of a first gasp within 30 minutes of the initiation of the re-
suscitation effort and an early resumption of spontaneous respiration are good
prognostic indicators, as is neurological responsiveness at the scene of the in-
cident. Very poor prognostic indicators are a submersion duration of greater
than 10 minutes and unproductive resuscitation efforts lasting longer than
25 minutes.

Each patient must be assessed individually, especially with regard to body
temperature, whether or not neurological improvement occurs, and at what rate
it occurs.

Trauma in obstetric patients

The treatment priorities are the same for multitrauma. However, management
of obstetric patients involves special considerations because pregnancy alters the
maternal physiology and the foetus is a second potential victim. An obstetrician
and paediatric surgeon should be enlisted in most cases.

The uterus is initially protected by the pelvic ring, but it becomes more prone
to injury as it enlarges. In the latter part of pregnancy, the uterus is vulnerable
to injury and offers little protection to the foetus. Foetal death is much more
common than maternal death. Even minor injuries can result in death of the
foetus.

There are many physiological changes during pregnancy that can affect the
mother’s reaction to blood loss and injury. Cardiac output, tidal volume, blood
volume and pulse rate are all increased. The gravid uterus can compress the
inferior vena cava and severely reduce venous return when the patient is in the
supine position — the supine hypotension syndrome.

The uterus is prone to rupture as a result of blunt trauma. Placental abruption
occurs in 1-5% of minor injuries and in up to 50% of major injuries and it can
occur up to 3 days after the initial trauma. Labour can be precipitated and direct
foetal injury can also occur. The foetus must be carefully monitored during this
period, for in addition to the danger of abruption, shock and hypoxia in the
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Trauma patients: the next day

Once patients who have suffered serious multitrauma have been resuscitated and investigated
and perhaps undergone surgery, they are usually managed in the ICU. It is then time for a
careful review of each case.

Airway

An early decision may have to be made regarding whether or not a tracheostomy is
indicated. This will largely depend on the anticipated length of ventilatory support. As a
general rule, if intubation is anticipated for more than 2 weeks, early tracheostomy should be
considered.

Hypoxia
There are many possible causes of hypoxia at this stage, but the most common are
post-traumatic AL, lung contusion, aspiration and fat emboli.

Fractured ribs and flail chest

If there are significant fractures of ribs or there is a large flail segment, early tracheostomy
should be performed, particularly if the patient is aged 50 years or older or has significant
chronic underlying lung disease, especially related to smoking. Epidural analgesia should also
be considered.

Hypotension and oliguria

In the early stages of multitrauma, hypotension is related to continued bleeding until proven
otherwise. Transfuse and look for the cause — pelvis, chest, abdomen or long bones are the
most likely.

Fever and tachycardia

Nosocomial infection is unusual within the first 48 hours. However, a fever and tachycardia
are non-specific and relatively common accompaniments of severe trauma. Consider the
possibility of fat emboli. Tachycardia is almost invariable in the first few days following major
traum, especially in the young. Exclude obvious causes such as hypovolaemia and pain, but
usually it is related to non-specific factors. Early fever and sepsis can also be related to
aspiration, a ruptured abdominal viscus or contaminated wounds.

Delayed abdominal injuries

An overlooked abnormality or its delayed onset can cause features such as an acute abdomen
or sepsis (e.g. ruptured viscus) or bleeding and haemoglobin reduction (e.g. ruptured
spleen).

Feeding
A decision must be made whether the patient can tolerate enteral nutrition or whether IV
nutrition should be commenced.
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Pain
It is important to provide adequate pain relief for patients who have suffered multitrauma.

Major fractures and plastic repair
Major fractures and dislocations should be treated early rather than late. Similarly, definite
times should be arranged for plastic repair of injuries (e.g. faciomaxillary injury).

overlooked bone and soft tissue injuries

It is common to discover previously overlooked small bone fractures and soft tissue injuries
(e.g. torn ligaments) up to many weeks after severe multitrauma. If a patient is unconscious,
the only hint may be swelling or instability during passive movement. Although such
indications may seem minor at the time, they can lead to severe disability.

Fat emboli
These can cause hypoxia and confusion within 24 hours of fractures.

Prophylaxis against pulmonary embolism
Low dosage heparin probably should be commenced once active bleeding has ceased.

Continuing haematuria
Investigate.

Relatives and friends
It is never too soon to explain to relatives and friends that the patient may be in hospital for
weeks or even months, with the possibility of a lengthy rehabilitation period.

mother can cause foetal distress. Immediate delivery is required in the event of
foetal distress if the gestation is past 26 weeks.

Foetal assessment

» Monitor foetal movements.

« Time the uterine contractions.

e Monitor the foetal heart rate (normal 120—160/min).

o Cardiotocographic monitoring should be commenced as soon as pos-
sible. Continuous monitoring, rather than intermittent auscultation, is
preferable.

» Doppler ultrasound may be useful to determine gestational age and assess foetal
well being if the findings from cardiac monitoring are equivocal, as well as to
estimate the volume of amniotic fluid if rupture of the amniotic membrane is
suspected. However, cardiotocographic monitoring usually is a superior means
for assessment.
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The acute limb

Time is of the essence in assessing and treating an acute limb condition.

Important history and signs
* pain

* numbness

* temperature changes

* abnormal pulses

* slow capillary return

® crepitus

* cellulitis

* weakness

The examiner must inquire as to the state of the muscles, nerves and distal organs — not simply how the
skin appears.

Major adverse outcomes

Focal death leading to loss of function.

Global death leading to limb loss.

Inflammation and infection that can lead to distant organ dysfunction and even loss of the patient’s life.

Three main entities to consider
Ischaemia (e.g. arterial or graft thrombosis).
Infection (e.g. gas gangrene, diabetic foot).
Compartment compression (e.g. trauma).

Ischaemia

If it looks ischaemic, it must be considered ischaemic until proven otherwise.
This is a medical emergency, needing rapid restoration of blood flow.

The initial surgery should be definitive.

Infection

Rapidly spreading necrosis and gas formation may not be obvious simply from skin appearance.
Superficial cellulitis often is a marker of deep suppuration tracking along tendons and fascial planes.
Rapid diagnosis is essential and definitive surgical debridement or amputation must be repeated.
Debridement often must be repeated.

Compartment syndrome

The term refers to increased pressure within one or more encapsulated compartments of a limb.

The causes include crush syndrome, ischaemia, reperfusion, closed fracture, haematoma and electrical
burns.

Unrelieved pressure will result in impaired venous return, impaired arterial inflow, nerve and muscle
ischaemia and necrosis.

Decompress rapidly with a fasciotomy.
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Management

The general principles of management are the same as for other patients with
multitrauma.

Airway and breathing
In the latter stages of pregnancy, intubation can be difficult. There may be laryn-
geal oedema. These patients can rapidly become hypoxic because of a decreased
functional residual capacity and increased VO,.

Secure the airway by intubating if necessary. Always give a high concentration
of inspired oxygen and immobilise the neck with a rigid collar if there is doubt
about the cervical spine.

Circulation
The foetal circulation is not self-regulating. Uterine blood flow is largely depen-
dent on the systemic BP. Hypovolaemia must be aggressively corrected.
Establish IV access with large cannulae and aggressively infuse fluids in order
to reverse any hypovolaemia. Do not hesitate to infuse rapidly cross-matched
blood (Rh-negative). Patients should remain in the left lateral decubitus position
if possible.
A DPL can be performed using a supraumbilical minilaparotomy.
Do not hesitate to perform emergency investigations and treatment (e.g. la-
parotomy) as for any other patient.
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Poisoning

¢ The first priority in the management of poisoning is the initial resuscitation
— airway, breathing and circulation.

» Supportive care is the cornerstone of management in the ICU.

* The use of specific antidotes is only rarely lifesaving.

* Self-poisoning often involves multiple drugs, commonly including alcohol.

Initial assessment

The possibility of poisoning should be considered in all unconscious patients.
First-line treatment involves securing the airway, giving high-flow oxygen and
supporting the patient’s breathing and circulation. Examine the patient’s whole
body carefully for signs of intravenous drug abuse, trauma and pressure areas
(Table 15.1). Perform a thorough neurological examination. Smell the patient’s
breath. The possibility of hypoglycaemia must be considered. Elicit a history
from the patient, ambulance officers, friends or relatives. Thiamine (100 mg IM
or IV) should be given to all known alcoholic patients in order to treat or prevent
Wernicke’s encephalopathy.

Most drug overdoses involve multiple drugs.

Although active intervention, such as the use of antidotes, forced alkaline di-
uresis and dialysis, can sometimes play a crucial role, basic resuscitation measures
usually are more important. Our concern in poisoning is to save the patient not
the poison!

Airway

If there is doubt about the patency of the airway, rapidly intubate the patient
with preoxygenation and cricoid pressure. As a guideline, patients with Glasgow
Coma Scale scores of 9 or less should be intubated. It is dangerous to attempt
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Table 15.1. The most common toxic syndromes

Anticholinergic syndromes
Common signs

Common causes

Sympathomimetic syndromes
Common signs

Common causes

Opiate, sedative or ethanol
intoxication
Common signs

Common causes

Cholinergic syndromes
Common signs

Common causes

Delirium with mumbling speech, tachycardia, dry and
flushed skin, dilated pupils, myoclonus, slightly
elevated temperature, urinary retention and
decreased bowel sounds. Seizures and dysrhythmias
may occur in severe cases

Antihistamines, antiparkinson medication, atropine,
scopolamine, antispasmodic agents, mydriatic
agents, skeletal muscle relaxants and many plants
(notably jimson weed and Amanita muscaria)

Delusions, paranoia, tachycardia (or bradycardia if the
drug is a pure a-adrenergic agonist), hypertension,
hyperpyrexia, diaphoresis, piloerection, mydriasis
and hyperreflexia. Seizures, hypotension and
dysrhythmias can occur in severe cases

Cocaine, amphetamines, methamphetamine and its
derivatives and over-the-counter decongestants
(e.g. phenylpropanolamine, ephedrine and
pseudoephedrine). In caffeine and theophylline
overdoses, similar findings can occur

Coma, respiratory depression, miosis, hypotension,
bradycardia, hypothermia, pulmonary oedema,
decreased bowel sounds, hyporeflexia and needle
marks. Seizures can occur after overdoses of some
narcotics, notably propoxyphene

Narcotics, barbiturates, benzodiazepines,
ethchlorvynol, glutethimide, methprylon,
methaqualone, meprobamate, ethanol, clonidine and
guanabenz

Confusion, central nervous system depression,
weakness, salivation, lacrimation, urinary and faecal
incontinence, gastrointestinal cramping, emesis,
diaphoresis, muscle fasciculations, pulmonary
oedema, miosis, bradycardia or tachycardia and
seizures

Organophosphate and carbamate insecticides,
physostigmine, edrophonium and some mushrooms

Reprinted with permission of New England Journal of Medicine 326 (1992): 1677-81.
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to elicit a gag reflex as the patient may aspirate stomach contents. Paradoxically,
further sedation may be needed if the patient is restless or is having a seizure. The
patient’s level of consciousness and airway patency must be constantly monitored,
and intubation must be carried out if there is any doubt. Slow release preparations
can cause delayed effects.

Breathing

Oxygen (at least 30-40%, via a face mask) should be administered to any patient
with a compromised level of consciousness. Many drugs (e.g. narcotics, sedatives,
tricyclic antidepressants) can cause hypoventilation, hypercarbia and respiratory
acidosis.

Monitor the patient’s respiratory rate, check arterial blood gases frequently
and use pulse oximetry and clinical assessment to determine the need for artifi-
cial ventilation with intermittent positive-pressure ventilation (IPPV). Whereas
all intubated patients should initially be ventilated, those who are making some
spontaneous respiratory effort may be suitable for a change to continuous pos-
itive airway pressure (CPAP) or to some partial mode of ventilatory support,
such as pressure support ventilation (PSV) or intermittent mandatory ventilation
(IMV).

Circulation

Many of these patients are hypotensive on admission. This can be related to several
factors:

« Vasodilatory actions of many drugs (most common).
« Direct cardiac toxicity.
» Hypovolaemia due to decreased fluid intake or fluid loss (e.g. vomiting).

Hypotension

Hypotension can almost always be reversed with replenishment of intravascular
fluid. The fluid must be titrated against cardiovascular measurements — par-
ticularly blood pressure and peripheral perfusion. Occasionally large volumes
are required. Inotropic support is sometimes needed for resistant hypotension.

Cardiac problems
Correct hypoxia, acidosis and hypokalaemia, as they predispose to arrhythmias
and depress cardiac function.

The poison itself can have a direct cardiodepressant effect (e.g. B-blockers).
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Investigations and monitoring

Most patients need only monitoring and basic investigations. Initially, frequent
(every 15 minutes) monitoring of vital signs, such as pulse rate, BP, respiratory
rate and level of consciousness may be required.

Chest x-ray: An x-ray may show signs of aspiration or atelectasis.

ECG: Use initial 12-lead ECG and continuous monitoring if indicated.

Oximetry: Continuous monitoring for hypoxia is necessary.

Routine haematology and biochemistry: Creatinine phosphokinase (CPK), for
instance, may be increased because of rhabdomyolysis; theophylline and tricyclic
antidepressants can cause hypokalaemia.

Arterial blood gases: Their determination may reveal, for instance, persistent
unexplained acidosis due to salicylates, carbon monoxide, methanol and ethylene
glycol.

Serum osmolality: When compared with calculated osmolality, the serum os-
molality may be helpful in diagnosing poisoning due to methanol or ethylene
glycol.

Drugs assays: Urine, blood and gastric contents can be used for drug screening.
Early samples of gastric contents (50 ml) and urine (50 ml) should be used for
diagnostic and medico-legal purposes. Specific, rapid screening tests are available
for drugs such as paracetamol, salicylates, benzodiazepines, opiates and barbitu-
rates. There is also a screening test, based on thin layer chromatography (TLC),
that covers about 200 substances. Although blood cannot be used for the TLC
screening test, blood samples should be taken to test specifically for other sub-
stances including alcohol. Specific serum or plasma concentrations are useful
for dealing with the following drugs: paracetamol, iron, salicylates, theophylline,
digoxin, anticonvulsant agents, lithium, ethanol, methanol and ethylene glycol.

Special problems

Hypothermia

Hypothermia is common after poisoning but it rarely requires active measures.
Always measure the central temperature (e.g. rectal or oesophageal). Hypother-
mia is a marker of increased risk for rhabdomyolysis and aspiration as a result of
coma.

Treatment for hypothermia begins with covering the patient with metallic
foil or special warming blankets to reduce heat loss. Warm the IV fluids and
humidified gas to 37 °C. More active measures are sometimes needed.

Hyperthermia

Hyperthermia is uncommon and sometimes is associated with tricyclic antide-
pressants, antipsychotics, antihistamines, amphetamine, cocaine, phencyclidine
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and salicylates. Hyperthermia must be controlled by aggressive means in order
to prevent complications. Fever as a result of infection can, of course, occur (e.g.
aspiration).

Seizures

Seizures can occur as a direct result of the poison and may be difficult to control.
Seizures can occur in association with anticonvulsants, phenothiazines, antihis-
tamines, theophylline and tricyclic antidepressants. Seizures can also occur as an
indirect result of the poison (e.g. hypoglycaemia, hypoxia or as a result of global
ischaemia). Drug or alcohol withdrawal can also precipitate seizures.

Seizures are medical emergencies as they can cause cerebral damage and
oedema, hyperthermia, hypoxia and aspiration. The principles of management
are listed here but they are discussed in detail elsewhere:

o Intubate and assist ventilation if in doubt about the airway. Initially give IV
benzodiazepine. If the seizures are not controlled with benzodiazepines, use IV
barbiturates.

o Concurrently given phenytoin (15 mg/kg over 1 h as a loading dose, then
5 mg/kg IV daily as a single dose over 1 h).

« EEG monitoring should be used to assess electrical seizure activity, especially if
muscle relaxants are given.

Rhabdomyolysis

Rhabdomyolysis usually occurs in association with pressure necrosis. It can com-
plicate narcotic and cocaine abuse without coma.

Always suspect rhabdomyolysis in a patient who is in a prolonged coma.
Rhabdomyolysis can cause hypovolaemia, shock, hyperkalaemia, hypocalcaemia,
acidosis and renal failure. Early, aggressive correction of hypovolaemia and aci-
dosis is essential. Active treatment of hyperkalaemia and renal failure may be
necessary. Fasciotomy is sometimes required to relieve compartment pressure
and prevent further tissue ischaemia.

Atelectasis and aspiration

A chest x-ray should be obtained as soon as possible after admission to detect
features such as atelectasis and collapse due to hypoventilation or aspiration as a
result of coma and depressed reflexes.

Other general supportive measures

The key to the effective management of a patient who has been poisoned, whether
accidentally or deliberately, is meticulous supportive care. Supportive measures
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are based on the same principles essential for management of all critically ill
patients.

 Regular assessment of airway, breathing and circulation.
 Regular turning and pressure care.

» Nasogastric (NG) tube.

o Catheterisation of the bladder.

» Mouth, eye and limb care.

« Prophylactic measures for stress ulceration.

Precipitating factors and follow up

It is often helpful to obtain psychiatric and/or social worker opinions before
a poisoning patient is transferred from the ICU. It is important that the ICU
staff present a positive attitude toward these patients. Self-poisoning presents
a situation in which it is difficult and frustrating to have to address and face all
of the underlying issues, especially the non-medical ones such as poverty, despair,
violence and unemployment. Self-poisoning has become medicalised because
it is the relatively easy, quantifiable and short-term challenge. After successful
resuscitation we often have no option but to place the patient back in the cir-
cumstances which precipitated the initial overdose. They may pass through the
hands of other professionals such as psychiatrists and social workers, who may
have something to offer a minority. It is important to acknowledge the frustration
of not being able to address many of the underlying issues which precipitated the
overdose and to approach the patient with the dignity and sensitivity that they
deserve.

Active measures

Decreased drug absorption

The exact role of gastric emptying, gastric lavage and whole gut irrigation, as well
as the use of ipecac and charcoal remain controversial.

Any active attempt to empty the stomach is accompanied by the danger of aspi-
ration. The patient must have an intact cough reflex or have a cuffed endotracheal
tube (ETT) in place before an attempt is made to aspirate stomach contents.

For patients poisoned by drugs that cause coma and respiratory depression,
aggressive removal of the drugs is not warranted. Active gastric emptying of
such drugs might give the attending medical staff a sense that they were doing
something positive (or punitive in some cases!) but good supportive care is often
all that is required.

Active measures to empty the gut should be considered for toxic drugs such as
aspirin, colchicine, paraquat, organophosphates, iron, tricyclic antidepressants
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and paracetamol. Active measures should be avoided in cases involving corrosive
chemicals and petroleum products.

Induced emesis

This technique has been used primarily for small children soon after ingestion
of the toxin. However, it seems to be falling out of favour, even for that group.
Emesis should not be induced if:

e The child is not fully alert with intact laryngeal reflexes.
» Acid, alkali or petroleum distillates have been ingested.
» More than 3 hours have passed since ingestion.

Ipecac syrup has traditionally been recommended for young children but not for
adults in whom sedation and poor drug recovery are problems. Its effectiveness
is largely unproven. Paediatric Ipecacuanha mixture (0.12% alkaloids) is usually
used: 5 ml for children up to 1 year of age; 10-20 ml for those aged 1-5 years.

Gastric lavage
The exact role and usefulness of gastric lavage have not been fully established. It
should always be considered but not done simply as a routine.

Itis probably useful within 4 hours of ingestion and also when one suspects that
potentially lethal quantities of a drug have been taken. It can also be useful if slow-
release preparations of drugs have been taken. Gastric lavage can be successful for
up to 12 hours after ingestion for salicylates, quinidine, tricyclic antidepressants
and paracetamol.

Lavage should not be attempted when ingestion of corrosives, caustics, acids
or petroleum derivatives is suspected.

Technique: Place the patient in the semiprone position with the head depen-
dent. Insert a special large bore gastric tube to aspirate the stomach. Instil water
(1 ml/kg) at body temperature and recover that amount before instilling more.
Repeat the cycles until the return water is clear.

Charcoal
If given early enough, activated charcoal can reduce the gastrointestinal absorp-
tion of many drugs including aspirin, paracetamol, phenobarbitone, digoxin, car-
bamazepine, theophylline and phenytoin. It is of little value for highly charged
molecules such as iron, lithium and cyanide or other compounds such as alcohol.
There may be the added benefit of clearance from the systemic circulation by
‘gastrointestinal dialysis’: a concentration gradient for the drug is established
between the systemic circulation and the lumen of the gastrointestinal tract.
Clearance is thus encouraged from the circulation into the GIT lumen, where it
is adsorbed onto the charcoal.

The efficiency of charcoal absorption may be reduced in the presence of shock
or impaired gastrointestinal motility. Just as we remain uncertain about many
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aspects of management after poisoning, the exact role of charcoal has not been
established. In practical terms, repeated doses of charcoal do not tend to transit
rapidly through the gut.

Technique: Administer activated charcoal at 1 g/kg either orally or through
a NG tube. Its action can be enhanced by repeating that dose every 4 hours,
especially for drugs that rely on the enterohepatic circulation. Alternatively, con-
tinuous NG infusion of charcoal (30-50 g/h) can be used (for paediatric patients,
0.25 g/kg per h). As with adults, there is little evidence for the effectiveness of
charcoal in paediatric poisoning. Metoclopramide may speed the gastric empty-
ing of charcoal. Charcoal can be used for long periods after drug ingestion, as it
can enhance the clearance of drugs already absorbed. Repeated doses of activated
charcoal may decrease the half-lives and increase the clearance of a wide range of
drugs, including the following:

« dapsone

« theophylline

o glutethimide

« digoxin

« phenylbutazone

« barbiturates

e quinine

« tricyclic antidepressants
« salicylates

« carbamazepine

Whole bowel irrigation

Some agents, such as polyethylene glycol electrolyte solutions, can decrease drug
absorption by decreasing the time for the drug to transit the gut. Such agents
do not act by means of an osmolar effect within the gut. They can be useful for
purgingintact tablets from the gut (e.g. in cases of iron poisoning). Itis a technique
suited for conscious patients who have ingested tablets that do not bind well to
charcoal and can be identified on a plain radiograph. Because polyethylene will
bind to charcoal, the two probably should not be used together.

Technique: These compounds come as commercially available water-soluble
powders (e.g. Go-lytely or Colyte) to be dissolved in about 4 L of water. They
can be taken orally or delivered via a NG tube. For adults, give the solution at a
rate of 1—4 L/h (children 0.5 L/h) and continue until the patient passes clear fluid
from the bowel (usually after about 3-5 L) or until the tablets are cleared from
the gut.

Increased drug excretion

These techniques are employed only in specific circumstances.
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Forced alkaline diuresis

Forced alkaline diuresis is a dangerous and unproven technique that is now largely
discouraged. It was considered theoretically attractive because it encourages ion
trappingin the renal tubules. However, it can result in dehydration, hypokalaemia
and pulmonary oedema. Even in acute and severe salicylate poisoning, it has not
been shown to improve outcome.

Faecuresis

Just as we are uncertain about many of the active measures used in the man-
agement of poisoning, the effectiveness of giving an osmolar agent is uncertain.
Mannitol is sometimes given together with the charcoal. Apart from its uncertain
effectiveness, mannitol can lead to hypovolaemia, as a result of its osmolar effect
in the gut, as well as hypokalaemia and hypomagnesaemia.

Haemodialysis
Haemodialysis is effective mainly for low molecular weight drugs that are not
effectively bound to plasma proteins and have a small volume of distribution
and low rates of spontaneous clearance. It has a limited role, but it can be useful
for potentially lethal doses of specific drugs such as lithium, ethylene glycol and
salicylates.

Haemodialysis should be considered when these drugs are present at certain
high concentrations:

« Salicylates (>1.2 g/L initially; >1.0 g/L at 6 hours).
e Methanol, ethylene glycol (>0.5 g/L).
e Lithium (>4 mmol/L).

Haemodialysis can also be useful for the acute acid-base or electrolyte distur-
bances that accompany poisoning. It is of no benefit for drugs that have large
volumes of distribution such as tricyclic antidepressants.

Haemoperfusion

Haemoperfusion involves passing the patient’s blood through a device containing
charcoal or adsorbent particles, such as resin columns. The technique has anec-
dotally been reported to be successful for many drugs but it should be considered
only when their concentrations are high:

« Salicylates (>1.2 g/L initially; >1.0 g/L at 6 hours).
o Theophylline (>600 pmol/L).

Haemoperfusion can also be considered for patients with paraquat poison-
ing, mushroom poisoning and late presentation paracetamol poisoning. The
technique for haemoperfusion is described in the chapter on renal failure.
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Antidotes

Some drugs may require immediate antidotal treatment:

Drug Antidote
carbon monoxide oxygen
paracetamol N-acetylcysteine
anticholinergics physostigmine
insulin glucose
[-blockers glucagon/adrenaline
organophosphates atropine and pralidoxime
benzodiazepines flumazenil
ethylene glycol ethanol
bromide sodium chloride
calcium channel blockers  calcium
cyanide amyl nitrate, sodium nitrite, sodium thiosulphate
heavy metals chelating agents
isoniazid, hydrazine pyridoxine
iron desferrioxamine
methylene blue
narcotics naloxone
warfarin vitamin K
digoxin digoxin antibody fragments

For more details, see specific poisons discussed in the next section.

Immunotherapy

In the future, antibodies to a given drug that can result in inhibition of that drug’s
action may play an important role. Thus far, immunotherapy has been used for
severe digoxin poisoning.

Some specific poisons

B-blockers

Features
o Common effects include bradycardia, hypotension, peripheral vasospasm,
bronchospasm, coma, convulsions and respiratory depression.

Management

« Supportive management is recommended.

« Atropine, adrenaline or glucagon infusions may be necessary. Transvenous
pacing may also be required. Glucagon is only used if the symptoms are
unresponsive to adrenaline. Give glucagon as a bolus at 50 pg/kg IV, up to
10 mg; a maintenance dosage of 2—10 mg/h can be used.
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Carbamazepine

Carbamazepine can be a particularly dangerous drug in overdose.

Features

» Mild ataxia to profound coma.

o Marked depression of brainstem reflexes.

» Convulsions or myoclonic activity.

o Cerebellar dysfunction.

o Marked cardiovascular toxicity, including:
Tachyarrhythmias and bradyarrhythmias
ECG: prolonged PR, QRS complex and QT interval
Conduction disturbances
Severe hypotension

o Thrombocytopaenia and leucopaenia.

o Pulmonary oedema.

« Anticholinergic effects.

Management
» The drug has extensive protein-binding capacity (75-85%) and a large vol-
ume of distribution (1.5 L/kg), making it relatively inaccessible to active drug
elimination.
e Management is mainly supportive:
Intubation.
Artificial ventilation.
Fluid resuscitation.
Inotropes are often necessary.
Cardiac pacing may be necessary.
Seizures must be controlled with aggressive measures.
Drug removal can be facilitated by multiple doses or even a continuous
infusion of activated charcoal via a NG tube. Haemoperfusion with a
charcoal column has also been used.

Carbon monoxide

Features

» Carbon monoxide displaces oxygen from haemoglobin, myoglobin and the cy-
tochrome system. This causes widespread cellular damage because of decreased
oxygen delivery and utilisation.

o A pink colour of the skin is uncommon; cyanosis and skin pallor are more
common.

» Carbon monoxide poisoning should be considered a possibility in all patients
who have been trapped in a fire.
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Management

« General supportive measures are recommended.

« Give as high a concentration of inspired oxygen as possible (100%, if possi-
ble) by a tight-fitting mask or ETT (if necessary) for at least 3 days or longer
in symptomatic patients. Remember that pulse oximeters will be misleading
because they measure carbon monoxide levels as well as oxygen.

o Many patients have had long-term neuropsychiatric deficits after carbon
monoxide poisoning. For that reason, hyperbaric oxygen is now used earlier and
more aggressively. Some units use hyperbaric oxygen when the carboxyhaemo-
globin concentration is more than 20-30% or when the patient either has lost
consciousness at any stage or has neurological deficits or cardiac abnormalities.
However, randomised controlled trials have yet to demonstrate a benefit.

Cocaine

Features

« Stimulation of both peripheral and central nervous systems.

« Clinical features include euphoria, agitation, hyperthermia, seizures, confu-
sions, tachycardia and hypertension.

« Cardiac arrhythmias, cerebral haemorrhage, coagulopathy, cerebral oedema
and rhabdomyolysis can also occur.

Management

« It is important to reduce the psychomotor agitation, using diazepam IV as
required.

« Close monitoring and aggressive resuscitation are essential.

« Neuroleptic agents should be avoided.

* B-blockers can result in excessive a activity and hypertension.

« Severe hypertension may require the use of labetalol or sodium nitroprusside.

o A CT scan may be necessary to exclude cerebral haemorrhage.

Digoxin
Features
 Nausea, vomiting, drowsiness and mental confusion.

» ECG: Almost any change is possible, including sinus bradycardia, atrioventric-
ular block, ventricular and atrial ectopics and asystole.

Management

« Gastric lavage and support.

» Temporary cardiac pacing and specific treatment of individual arrhythmias
may be necessary.

« Treatment is mainly supportive.
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« Serum digoxin concentrations will not give a good indication of the severity of
digoxin toxicity.

« Digoxin specific antibody fragments are becoming increasingly available. They
bind digoxin and hasten its elimination. They should be used for cardiovascu-
lar instability secondary to arrhythmias. A recommended regimen is 160 mg
as a loading dose, followed by 160 mg as an IV infusion over 7 hours. Al-
ternatively, 6-8 mg/kg repeated over 30-60 minutes can be given. A further
dose can be given in cases of incomplete reversal or recurrence of toxicity.
Digoxin antibody fragments interfere with digoxin measurements that employ
immunoassay techniques.

Iron salts

Features
Iron salt poisoning is most severe in young children.

Stage I: Acute gastric disturbances: epigastric pain, nausea, vomiting and hae-
matemesis leading sometimes to necrosis and perforation of the stomach.
Rapid pulse and respiratory rate. There may be a symptom-free period for
up to 24 hours.

Stage II: Acute encephalopathy: headache, confusion, delirium, convulsions, and
coma. Respirations deep and rapid. Cardiovascular collapse may supervene.
Hyperglycaemia and leucocytosis.

Stage III: If the patient survives to this stage, acute liver failure may develop, with
jaundice, hepatic coma and death.

Management

« TREATMENT MUST BE RAPID.

« A plain abdominal x-ray will usually demonstrate the number of tablets. Gastric
lavage with a large bore tube may facilitate removal of tablets.

« There is little or no place here for activated charcoal as it does not bind iron.
Lavage with desferrioxamine 2 g in 1 L of warm water, then leave 10 g in 50 ml
in the stomach to chelate the remaining iron in the GIT.

» Whole bowel irrigation with polyethylene glycol electrolyte solution, especially
in children, may be useful.

« Desferrioxamine can be given by IV and IM routes. The dosage is the same for
both routes and the same for adults and children: a 1 g loading dose, then
500 mg 4-hourly for two doses. Thereafter, 500 mg between 4-hourly and 12-
hourly, depending on the severity of poisoning. The total dose should not exceed
6 g in 24 hours. The IV rate should not exceed 15 mg/kg per h.

« Treatment should be continued until serum levels and clinical status are im-
proved.

« Ifanuria or oliguria supervenes, dialysis should be commenced urgently.
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Lithium

Features

« Polyuria, thirst, vomiting, diarrhoea and agitation.

« Inlarger doses coma, hypertonia, involuntary movements and convulsions can
occur.

Management

« General supportive measures are recommended.

o Correct hypertonicity with 5% dextrose solution.

» Haemodialysis should be considered if there are severe complications or high
concentrations of lithium (e.g. > 4 mmol/L).

Monoamine oxidase inhibitors

Features

 Drug and food interactions can cause headache, fever and hypertensive crises.

 Overdoses usually cause coma, hypotension and, more rarely, convulsions and
hyperthermia.

Management

» With drug and food interactions, severe hypertension is the main problem.

» With overdosage, airway control and intravascular fluids to correct the hy-
potension usually are sufficient.

Narcotics

Features

» Coma and respiratory depression are the most common presenting signs.

 Look for needle marks, miosis, hypotension, bradycardia, hypothermia, pul-
monary oedema, hyporeflexia and decreased bowel sounds.

o Seizures may occur after overdoses of some narcotics (e.g. pethidine and

propoxyphene).

Management

« Precautions should be taken against transmission of hepatitis B, C and HIV
virus.

« General supportive measures are recommended.

« Intravenous naloxone is a specific antagonist. However, it has a short half-life
and coma can recur. Give naloxone 0.8 mg IM followed by naloxone at 0.5—-2 mg
IV. The IM dose has a longer duration of action and coma is less likely to recur,
especially if the patient absconds after the IV dose! More may be needed, and
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sometimes a naloxone infusion may be required (1-4 mg/h). Less can be used
for addicts in whom acute withdrawal can be precipitated. The paediatric dose
is 0.1 mg/kg and the infusion 0.01 mg/kg per h.

o There may also be a concurrent infection, rhabdomyolysis, tricuspid valve ab-
normalities, subacute bacterial endocarditis, pulmonary oedema and problems
associated with narcotic withdrawal.

organophosphates

Features

» Symptoms usually appear within 2 hours of exposure.

o Usually there is a distinctive smell around the patient.

« Cholinesterase inhibition causes parasympathetic overactivity, as well as sym-
pathetic, neuromuscular and central neurological abnormalities.

« Signs and symptoms include:

salivation bronchorrhoea
bronchospasm sweating
lacrimation headache
restlessness muscle weakness
confusion/convulsions nausea
vomiting abdominal cramps
diarrhoea bradycardia
hypotension shock
Management

« Gastric aspiration and supportive measures.

« Staffshould exercise care in handling the aspirate—the odour of the organophos-
phate usually will be evident in the ICU for many days during management
of the patient and it has been implicated in feelings of malaise and headache
amongst the staff. Staff should wear gloves, gowns, masks and glasses during
the initial management of these patients in order to decrease absorption.
Atropine should be titrated against signs and symptoms. Aim to maintain the
heart rate and reduce pulmonary secretions with a continuous IV infusion
or IV increments. Commence with an IV infusion of 5 mg/h and increase as
necessary. Very high infusion rates, up to 30 mg/h may be required initially.
Glycopyrrolate could be used instead of atropine.

Pralidoxime will result in specific reactivation of cholinesterase but it needs to
be given early (within 24 hours). Dose is 1-2 g IV within 2 minutes. Repeat after
30 minutes if necessary and then give 1-2 g 4-hourly when indicated. Monitor
plasma cholinesterase levels until recovery.

« Direct cardiotoxicity has been reported and often inotropic support is necessary.
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Paracetamol

Features

» No symptoms initially.

 Then anorexia, nausea and vomiting.

« Severe vomiting, abdominal pain and hepatic tenderness on the second day.

 Hepatic toxicity is maximum on days 2—4 and can lead to fulminant liver
failure.

o The risk of liver failure is higher in alcoholics, the elderly and patients with
anorexia nervosa and underlying liver disease.

« Paracetamol toxicity can also occur with prolonged use for therapeutic
reasons.

Management

 The outcome will be determined by the amount taken and by the time elapsed
before effective treatment is provided.

« Use gastric lavage and activated charcoal for patients who present within 4
hours; these may be useful up to 12 hours.

o IV N-acetylcysteine is the treatment of choice for paracetamol poisoning and
should be used if:

More than 10 g has been ingested.

There is doubt about the amount ingested.

The plasma concentration of paracetamol, plotted on a semilogarithmic
graph against time (Figure 15.1), falls above a line drawn between 1.32
mmol/L (200 mg/L) at 4 hours and 0.33 mmol/L (50 mg/L) at 12 hours
after the overdose. A copy of this chart should be in every ICU and emer-
gency department. N-acetylcysteine is very effective up to 8 hours. There
is now evidence to suggest that the antidote should be given to all patients,
regardless of presentation, even if they have developed fulminant hepatic
failure.

« Give N-acetylcysteine, 20% solution, 150 mg/kg in 200 ml of 5% dextrose over
15 minutes initially; then 50 mg/kg in 500 ml of 5% dextrose over 4 hours;
finally, 200 mg/kg in 1 L of 5% dextrose over the next 16 hours (total dose 400
mg/kg in 20 hours). Urticaria, bronchospasm or anaphylaxis can occur in up
to 10% of patients given N-acetylcysteine, especially asthmatics.

« Patients who ingest large amounts of paracetamol or who present late may
develop renal failure (see Chapter 26) or acute hepatic failure (see Chapter 27).
Monitoring the prothrombin time (PTT) and its 12-hourly rate of rise is the
best marker of hepatic necrosis: peak elevation occurs at 72-96 hours. Treat
hypoglycaemia as indicated with dextrose infusion.

« Patients should be transferred to a specialist centre if fulminant hepatic failure
is suspected and transplantation considered.
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Paraquat

Features

« This potent herbicide causes ulceration of the mucous membranes, nausea,
sweating, vomiting, tremors, convulsions and severe pulmonary oedema. Lung
fibrosis can occur up to a week after ingestion.

« Cardiovascular collapse and renal failure can also occur.

Management

« General supportive measures.

« Fuller’s earth helps adsorb paraquatin the gut. A suspension of 30%, 200—-250 ml
every 4 hours, should be used until the stools contain Fuller’s earth. Activated
charcoal can also be given.

« Avoid high oxygen concentration unless it is absolutely necessary, as it can po-
tentiate pulmonary fibrosis. Immediate plasma exchange or haemofiltration
may be effective but this remains unproven. Pulse therapy with cyclophos-
phamide and methylprednisolone may be effective in preventing respiratory
complications.
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Poisoning

Salicylates

Features

« The toxic effects are complex and are related to acid-base disturbances, uncou-
pling of oxidative phosphorylation and disordered glucose metabolism.
Initially there will be nausea, vomiting, abdominal pain and tinnitus which can
progress to deafness.

» Next will come hyperventilation, flushed skin, sweating and hyperthermia.
Salicylates have two separate, independent effects on acid-base balance. The first
isarespiratoryalkalosis as a result of central respiratory stimulation. The second
is metabolic acidosis resulting from accumulation of organic acid metabolites
and lactate.

Arterial blood pH is initially normal or raised because of the respiratory alkalosis
but metabolic acidosis usually supervenes. This pattern is more common in
children.

Respiratory complications include aspiration pneumonia, pulmonary oedema
and acute lung injury (ALI).

Cardiovascular abnormalities: Mortality is often due to cardiovascular de-
pression which can be unresponsive to treatment. ECG changes include
widened QRS complex. Atrioventricular block and ventricular arrhythmias can
occur.

» Metabolic disturbances can include hypoglycaemia or hyperglycaemia and hy-
pokalaemia.

Coagulation disturbances: hypoprothrombinaemia, prolonged bleeding time,
thrombocytopaenia and disseminated intravascular coagulopathy (DIC) often
causing GIT bleeding.

o More rarely, there may be hyperpyrexia, renal failure and hypoglycaemia.

Management
o Gastric lavage — within 24 hours of ingestion.
 Administer gastric charcoal.
o Maintain intravascular volume aggressively.
* Glucose infusion if hypoglycaemic.
» Monitor and correct electrolyte disorders.
« Vitamin K may be necessary for hypoprothrombinaemia.
o Marked metabolic acidosis should be corrected with sodium bicarbonate.
« Early determination of the plasma salicylate level is essential:
Mild toxicity, < 500 mg/L.
Moderate toxicity, 500-750 mg/L.
Severe toxicity, > 750 mg/L.
In children, toxicity can occur at 300 mg/L.
« Although forced alkaline diuresis has largely been abandoned, it is important
to give enough fluid to maintain a brisk diuresis.
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» Haemodialysis should be considered in cases of moderate or severe toxicity
where the levels have not decreased after 2 hours. Dialysis is also indicated for
acute renal failure or pulmonary oedema unresponsive to diuretics.

« Other anti-inflammatory agents, such as indomethacin, do not have the same
toxic effects of salicylates and treatment is largely supportive.

Sedatives and neuroleptic drugs

o Barbiturates

» Benzodiazepines
¢ Glutethimide

e Methaqualone

e Phenothiazines

Features
» Mainly coma and cardiorespiratory depression.

Management

« General supportive measures.

« Intubate if there is doubt about the airway.

« Ventilate if there is doubt about breathing.

o IV fluids are commonly needed in large amounts in order to support the cir-
culation (see Chapter 4).

Benzodiazepine antagonists such as flumazenil (at a dosage of no more than
0.1-0.2 mg/min; 1-2 mg is usually sufficient; the paediatric dose is 5 pg/kg IV
stat, to a total of 40 jg/kg) can reverse the effects of benzodiazepines and may
play a limited role in the management of benzodiazepine poisoning. However,
not all the effects of the benzodiazepines are reversed and the relationship
between the amount of benzodiazepine ingested and the amount of flumazenil
needed to offset the effect is not linear. The half-life of flumazenil is about
1 hour. It can induce acute withdrawal syndromes in patients on long-term
benzodiazepines. Flumazenil should not be given to patients who are suspected
of taking tricyclic antidepressants or to patients who are having seizures.

L]

Serotonin syndrome

Combinations of selective serotonin therapeutic inhibitors (SSTIs) or an SSTI
plus another drug that works by inhibiting serotonin, e.g. tranadol or the atypical
antipsychotics, e.g. olanzapine, may lead to the serotonin syndrome.

o Altered mental state.
o Neuromuscular abnormalities.
 Autonomic dysfunction, e.g. tachycardia, flushing.
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Treatment is symptomatic and to stop the offending drugs.

Overdose

« Secure an airway, ventilate.

e Charcoal.

» Monitor and support central venous system.
o Treat seizures.

Selective serotonin therapeutic inhibitors have a large volume of distribution so
dialysis or haemoperfusion is not beneficial.

Theophylline

Features

 Nausea, vomiting and abdominal pain.

» Haematemesis, hypotension and tachyarrhythmias.

o Renal failure and rhabdomyolysis.

« Central nervous system excitability and convulsions.

» Hypokalaemia, hyperglycaemia, hypophosphataemia, hypomagnesaemia and
hypocalcaemia.

o Acid-base disturbances.

 Leucocytosis.

Management

e ECG monitoring.

« Gastric lavage with activated charcoal.

o Correction of hypotension with fluid and inotropes if necessary.

« Aggressive measures to control seizures.

« Correction of electrolyte disorders: rapidly correct hypokalaemia as well as
phosphate and magnesium levels.

» Determination of electrolyte concentrations at least 4-hourly.

« For serious arrhythmias, propranolol may be useful.

o The plasma concentrations do not correlate well with the clinical severity and
therefore the concentrations can serve only as guidelines. Therapeutic levels
80-120 pmol/L.

» Haemoperfusion using a charcoal column should be considered if the serum
concentration is high (> 600 wmol/L) or if serious complications occur (e.g.
seizures, intractable vomiting, severe metabolic acidosis, renal failure and
arrhythmias).



Some specific poisons 285

TROUBLESHOOTING

Poisoning
Establish control of the airway, breathing and circulation before concentrating on drug
removal. Supportive care is all that is required for most patients.

Airway
Intubate and ventilate if Glasgow Coma Scale (GCS) is less than 9.

Breathing
Give high-flow oxygen via mask if not intubated. Artificially ventilate if still hypoxic.

Circulation
Fluid will correct most cases of hypotension. Inotropes are rarely needed.

Monitoring and investigation

Vital signs such as BP, respiratory rate, temperature, pulse rate and GCS should be measured
frequently (e.g. every 15-30 minutes) on admission and then according to progress. Also
monitor:

* Blood sugar/electrolytes.

* Arterial blood gases.

* ECG.

* Pulse oximetry.

Corrections
Correct hypoxia, acidosis and electrolyte disorders.

Drugs
Identify by direct observations of aspirated tablets. Get a history from witnesses. Conduct a
drug screen.

To decrease absorption

* Use NG aspiration.

* Use lavage if ingestion occurred less than 1 hour earlier.

* Give charcoal, 1 g/kg via NG tube; repeated doses may be indicated.
¢ Induced vomiting should be considered only for children.

To increase excretion
Procedures such as faecuresis and haemodialysis are indicated only for specific drugs above
certain concentrations.

Antidotes
Antidotes are available for some drugs.

Sequelae
The sequelae of poisoning, such as hypothermia, hyperthermia, rhabdomyolysis and seizures,
must be recognised early and treated aggressively.
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Poisoning

Tricyclic antidepressants

Features
Remember the three Cs: coma, convulsions and cardiac arrhythmias.

« Arrhythmias (tachycardia, atrioventricular block and intraventricular conduc-
tion disturbances).

» Hypotension.

« Respiratory depression.

« Anticholinergic effects (dry mouth, dilated pupils and urinary retention).

Management

« Secure the airway and ventilate if necessary.

« Treat seizures aggressively.

« Give intravascular fluids to correct hypotension.

« Correct electrolyte and acid-base disorders.

« Avoid physostigmine as it can worsen convulsions and cardiac effects.
o Arrhythmias:

Most occur within the first 12 hours.

May need adrenaline, atropine or temporary pacing for bradyarrhythmias.
B-blockers or lignocaine may be useful for tachyarrhythmias and intra-
ventricular conduction disturbances.

Bicarbonate (1-2 mmol/kg IV) may be useful for conduction delay or ven-
tricular arrhythmias. Titrate to response and arterial pH. Hyperventilation
may also be useful.
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Acute respiratory failure

* Oxygen is the first-line drug for acute respiratory failure.

* High concentrations of inspired oxygen almost never depress ventilation in
patients with acute respiratory failure.

« Artificial ventilation will improve hypercarbia, but may not improve
hypoxia.

Introduction

This chapter will cover the pathophysiology and general principles of treatment
for acute respiratory failure. Specific respiratory conditions will be discussed in
Chapter 18.

The respiratory system can be seen as being divided into a gas exchange system
(the lungs) and a pump to ventilate that system (the diaphragm). The main
functions of the lungs are to take up oxygen and eliminate carbon dioxide (CO,).
Oxygen is needed for basic metabolism. Respiratory failure occurs when either
gas exchange fails or the pump fails. The classic definitions for the onset of acute
respiratory failure that cited exact levels of oxygen and CO, were inflexible and
misleading.

Acute respiratory failure can be divided into failure of oxygenation and/or
failure of ventilation leading to hypercarbia (Table 16.1). Although hypoxia and
hypercarbia can co-exist, it is helpful for an understanding of acute respiratory
failure to look at them separately.
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Table 16.1. Causes of acute respiratory failure

Ventilatory problems

Airway (e.g. obstruction)

Neuromuscular pathway
Brain (e.g. coma from any cause)

Spinal cord (e.g. poliomyelitis, trauma)
Nerve (e.g. neuropathies)
Neuromuscular (e.g. myasthenia gravis)
Muscular disease (e.g. dystrophies)

Mechanical system: interference with the bellows action of the ventilatory system (e.g.
kyphoscoliosis, obesity, increased intra-abdominal pressure, pneumothorax, pain,
flail chest). Exhaustion as a result of lung abnormalities (increased airway resistance
and decreased compliance) also represents a failure of the mechanical system.

Gas exchange problem

Decreased FiO,

Decreased ventilation (will also cause hypercarbia and hypoxia)

Diffusion defect

V/Q mismatch (usually, critically ill patients will have a spectrum of V/Q mismatch
and shunting)

Failure of oxygenation

There are four types of cellular hypoxia. They are described in the oxygen carrying
capacity equation:

Oxygen carrying capacity = Cardiac output x Haemoglobin concentration
x Saturation of Hb x 1.34

« Stagnant hypoxia — decreased cardiac output.

» Anaemic hypoxia — decreased haemoglobin.

 Hypoxic hypoxia — decreased oxygen saturation in arterial blood.

« Histotoxic hypoxia — decreased oxygen-binding capacity (1.34 ml of oxygen
normally bind to every 1 g of haemoglobin).

While oxygen delivery (DO;) to the tissues can be compromised at all levels,
including inadequate cardiac output, anaemia and decreased oxygen-binding
capacity, this chapter will concentrate on the principles of oxygen exchange in
the lungs, where ‘hypoxic hypoxia’ occurs.

Hypoxic hypoxia

Acute respiratory failure is generally associated with hypoxic hypoxia (i.e. there is
a problem in getting the oxygen from the inspired gas through the lungs into the
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The oxygen cascade
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Figure 16.1. The oxygen cascade.

capillaries). All causes of hypoxic hypoxia can be related to the oxygen-cascade
concept (Figure 16.1).

Decrease in inspired oxygen
Usually, a decrease in the fraction of inspired oxygen (FiO,) is a problem only at
high altitudes or where there is a fault in the gas supply system.

Alveolar hypoventilation

If the lungs are otherwise normal, hypoxia will occur only with severe hypoven-
tilation. An increase in FiO, will correct hypoxia in most cases of moderate
hypoventilation.

Diffusion

The term ‘diffusion’ describes the movement of molecules down a concentration
gradient. Diffusion disorders of the lung can occur in diseases such as emphy-
sema. However, diffusion abnormalities play minor roles in most cases of acute
respiratory failure.

Ventilation/perfusion mismatch

Ventilation/perfusion (V/Q) mismatch is the commonest cause of hypoxia in pa-
tients with acute respiratory failure. Ventilation and perfusion are well matched in
the normal lung. Mismatching affects the exchange of oxygen and CO,, resulting
in hypoxia and, to a lesser extent, hypercarbia, as CO, is a more diffusible gas.
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Dead space Normal Venous
ventilation Admixture
Normal Normal No

ventilation ventilation ventilation
No blood flow Normal blood flow Normal blood flow

viQ =13 viQ=1 viQ =%

Hypoxia Hypoxia +++

Hypercarbia +++ Hypercarbia Nil or +
e.g. hypotension e.g.pneumonia, ARDS

Figure 16.2. Ventilation/perfusion (V/Q) matching.

Shunt

There is some variable degree of true shunting in the presence of acute respiratory
failure (i.e. blood and gas do not match at all; Figure 16.2). Most shunting occurs
as a result of venous admixture, where capillary blood and alveolar gas do not
equilibrate. The larger the shunt, the less responsive it is to added oxygen.

Other factors

Increased oxygen consumption (VO,)

Increased consumption of oxygen can contribute to arterial hypoxia. For example,
as a result of hypercatabolism or in patients with excessive fever, an increase in
peripheral VO, will decrease the mixed venous levels of oxygen, which, after
becoming involved in defective gas exchange in the lungs, will result in arterial
hypoxia.

Oxygen extraction

In order to ensure optimal oxygen extraction, the oxyhaemoglobin curve can be
manipulated by encouraging peripheral oxygen unloading. However, the ultimate
benefit of such manipulation has not been proved.

Hypoxic pulmonary vasoconstriction
Alveolar hypoxia causes pulmonary vasoconstriction which can diminish V/Q
mismatch (i.e. a decreased amount of blood will perfuse partially ventilated



Failure of ventilation

alveoli). Vasodilating drugs such as glycerl trinitrate and calcium channel blockers
can inhibit the hypoxic pulmonary vasoconstriction and worsen the hypoxia.

Effects of hypoxia

Hypoxia causes severe disruptions of cellular function. Central cyanosis is not
a reliable sign of hypoxia and more accurate monitoring or measurement is
needed in the critically ill. Similarly, signs and symptoms of hypoxia often are
late and unpredictable. They can include confusion, irritability, tachypnoea and
tachycardia, hypertension eventually leading to bradycardia and hypotension.

The degree of hypoxia can be measured by comparing the PaO, with the FiO,,
by determining the differences between alveolar oxygen and arterial oxygen or by
measuring the degree of shunting. Oxygen saturation is continuously monitored
in all at-risk patients with a pulse oximeter. This is described in more detail in
the section on cardiorespiratory monitoring.

Failure of ventilation

The commonest cause of hypercarbia is alveolar hypoventilation. Its causes in the
ICU include coma and exhaustion secondary to respiratory failure (Table 16.2).

CO, production
PaCOz X

Alveolar ventilation
Alveolar ventilation = Total ventilation — Dead space ventilation

An increase in dead space will decrease alveolar ventilation. Increases in anatom-
ical dead space usually result from the use of artificial airways and ventilatory
circuits in the setting of intensive care. Increased physiological dead space usually
occurs as a result of a V/Q mismatch.

Hypercarbia usually is associated with hypoventilation (Table 16.3), but it can
also result from underperfused alveoli consequent to hypovolaemia and from
lung destruction as a result of barotrauma. Increased CO, production may lead
to hypercarbia e.g. as with fever, excessive carbohydrate intake and increased
activity.

Effects of hypercarbia

o Increased respiratory drive.

« Anxiety, restlessness, tachycardia, hypertension and arrhythmias.
« Peripheral vasodilatation.

« Increases in cerebral blood flow and intracranial pressure (ICP).
« Decreased level of consciousness and coma.
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Table 16.2. Major causes of hypercarbia in intensive care

Decreased CO, elimination

There are many causes of hypoventilation (e.g. airway obstruction, drugs, central
and peripheral nervous disorders)

Decreased minute volume (e.g. end-stage acute respiratory failure because of
exhaustion)

Ventilation perfusion inequality is the commonest cause of hypercarbia in patients
with chronic lung disease and acute respiratory failure. It is often in association
with destruction of lung architecture, either chronically (largely as a result of
smoking-related diseases) or acutely (as a result of pulmonar