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This completely updated and revised edition is specially written for qualified nurses
working in intensive care nursing units. Fully comprehensive and developed to be as
user-friendly as possible it contains four new chapters and valuable, updated and new
clinical scenarios to aid learning.

Intensive Care Nursing is structured in user-friendly sections. Each chapter contains
‘fundamental knowledge’ needed to understand the chapter, an introduction, ‘implications
for practice’, a chapter summary, completely updated further reading, ‘time out’ sections
for revision and a clinical scenario with questions included. This second edition has been
fully developed and reviewed by practitioners and teachers, as well as a senior pharmacist
and covers:

patient-focused issues of bedside nursing

the technical knowledge necessary to safely care for ICU patients

the more common and specialised disease processes and treatments encountered
how nurses can use their knowledge and skills to develop their own and others’
practice.

Written by a practice development nurse with a strong clinical background in intensive
care nursing and experience of nursing teaching, Intensive Care Nursing is essential
reading for nurses and health professionals working with high-dependency patients.

A support website at www.routledge.com/textbooks/0415373239 links to other
important sites, gives answers to the clinical scenario questions and provides a forum
for discussion of important clinical issues.

Philip Woodrow is an experienced university lecturer and now works as a Practice
Development Nurse for the East Kent Hospitals NHS Trust, one of the largest acute
trusts in the UK. He is also the co-author of High Dependency Nursing Care
(Routledge, 2000).

Contributor: Jane Roe is a Lecturer Practitioner in Intensive Care at St George’s
Hospital, Kingston University and St George’s University of London. She is also current
chair of the Southern Region British Association of Critical Care Nurses (BACCN).



What reviewers said of the first edition
of Intensive Care Nursing

‘Incredibly comprehensive...this text should meet Woodrow’s goal of
contributing to the “further growth of intensive care nursing”. It should find
a place on the shelves of intensive care nursing units, as well as in Higher
Education institutions providing critical care courses. It will also be a welcome
resource of reference for nurses caring for critically ill patients outside of the
intensive care unit. Woodrow provides a balance between pathophysiology
oriented aspects of nursing practice and the relationship between patient/
family and nurses that is the very essence of intensive care nursing. The text is
helpfully punctuated with activities for the reader, whilst the extensive
references also enable the reader to pursue specific aspects in greater depth.’
Ruth Endacott, Advisor and Researcher in Critical Care

‘An excellent book which will be useful to nurses working in ICUs in many
countries. It integrates theory with practice to produce an easy-to-read practi-
cal text which will be useful to both beginning and experienced ICU nurses.’

Kathy Daffurn, Associate Professor and Co-Director Division of

Critical Care, Liverpool Health Service, Liverpool, Australia

‘A book geared for practical use, it will be helpful to many intensive care
nurses, especially those new to the discipline.’
Pat Ashworth, Editor, Intensive and Critical Care Nursing

‘An informed, well written and clinically focussed text that has ably drawn
together the central themes of intensive care course curricula and will therefore
be around for many years.... Revision activities and clinical scenarios should
encourage students to learn as they engage in analysing and reflecting on their
everyday practice experiences. More experienced nurses will also find it a
valuable reference source as a means of refreshing their ideas or in developing
practice.’
John Albarran, Faculty of Health and Social Care,
University of the West of England
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This book is for ICU nurses. Intensive care is a diverse speciality with many
sub-specialities. Even within a single ICU, the range of pathologies and
treatments seen may vary widely. No text can hope to cover every possible
condition readers may see and general texts cannot cover topics comprehen-
sively. My aim for this book, as in the first edition, is to offer nurses working
in general ICUs an overview of the more commonly encountered pathologies
and treatments. This text will probably be most useful about 6-12 months
into ICU nursing careers and therefore assumes that readers are already
qualified nurses with experience of caring for ventilated patients but who want
to develop their knowledge and practice further. Because some knowledge is
assumed, ‘fundamental knowledge’ is listed at the start of many chapters for
readers to pursue any assumed aspects of which they are unsure. ‘Further
reading’ at the end of each chapter identifies some useful, and usually
relatively easily accessible, resources for readers to pursue. This book is also
supported by the website www.routledge.com/textbooks/0415373239, which
provides further resources and information. Definitions of some technical
terms can be found in the glossary — where these terms appear in the text
they are italicised, although italics are sometimes used for other reasons — for
example standard practices of italicising names of publications and
micro-organisms is followed.

This new edition has given me the opportunity to update and develop
contents. I could have doubled the size of this book, but doubling size would
make it less affordable, more unwieldy and less used. My priority in revising
this book has therefore been to identify core issues within a similar-length text.
Six years is a long time in the ICU. Some topics covered in the first edition
have passed into history; others have faded from fashion. Obsolete topics have
been removed, but some material which is neither obsolete nor a priority has
also been discarded to make room for new chapters and topics. Some links
made to incorporate topics into chapters are tenuous, but I hope that their
presence justifies this approach.

Xiii
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Some chapters include details of support groups. Contact details or groups
themselves may subsequently change. I have included groups of which I am
aware and which I think may be helpful to readers, but the lists are not
exhaustive and inclusion (or absence) of any group is not intended to imply
relative merit. Other support groups can often be identified through internet
searches.

Knowledge develops and changes; controversy can, and should, surround
most issues. Some controversies are identified, others are not. But every aspect
of knowledge and practice should be actively questioned and constantly
reassessed. I have tried to minimise errors, but some are almost inevitable in a
text this size; like any other source, this text should be read critically. If this book
encourages further debate among practising nurses it will have achieved its main
purpose. References to statute and civil law are usually English and Welsh law,
so readers in Scotland, Northern Ireland and outside the United Kingdom
should check applicability to local legal systems. My hope remains that this
book benefits readers and so contributes to delivering quality patient care.
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Abbreviations

ACT
AF
AIDP
AMAN
ANF
ANP
APACHE
ARDS
ATP
AV

BE
CAPD
CAVH

CAVHD
CAVHDF
CCP

CD4, CDS§

CMV

COP
CPP
CRP
CRRT

CSF
CT
cTInl
cInT

Activated clotting times (normal 120-150 seconds)
Atrial fibrillation

Acute inflammatory demyelinating polyneuropathy
Acute motor axonal neuropathy

Atrial natriuretic factor (also called ANP)

Atrial natriuretic peptide (also called ANF)

Acute physiology and chronic health evaluation

Acute respiratory distress syndrome (see Chapter 25)
Adenosine triphosphate

Atrioventricular

Base excess

Chronic ambulatory peritoneal dialysis

Continuous arteriovenous haemofiltration (= ultrafiltration;
rarely now used in ICU)

Continuous arteriovenous haemodialysis

Continuous arteriovenous haemodiafiltration

Cerebral perfusion pressure

CD = cluster designation, a type of surface antigen; the
numbers refer to different types

Controlled mechanical ventilation or cytomegalovirus
(depending on context)

Colloid osmotic pressure

Cerebral perfusion pressure

C reactive protein 9

Continuous renal replacement therapy, blanket term used to
describe any mode

Cerebrospinal fluid

Computerised tomography

(cardiac) Troponin I

(cardiac) Troponin T
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ABBREVIATIONS

CVA Cerebrovascular accident (stroke)

CVVH Continuous venovenous haemofiltration

CVVHD Continuous venovenous haemodialysis

CVVHDF Continuous venovenous haemodiafiltration

Da Daltons (molecular weight)

DIC Disseminated intravascular coagulation

DKA Diabetic ketoacidosis

DSA Digital subtraction angiography

DVT Deep vein thrombosis

E. coli Escherichia coli, a species of gram negative bacteria, one of

the major gut commensals; presence of E. coli in the blood
(or wounds) is an infection

EEG Electroencephelogram

ETT Endotracheal tube

FDP Fibrin degradation product

FEV Forced expiratory volume (so FEV; = forced expiratory
volume at 1 second)

FFP Fresh frozen platelets

FiO, Fraction of inspired oxygen (expressed as a decimal fraction,
so FiO, 1.0 = 100% or pure oxygen)

FVC Functional ventilatory capacity

GBS Guillain-Barré syndrome

HAI Hospital acquired infection

HAS Human albumin solution (i.e. albumin for infusion)

HbA Adult haemoglobin

HbF Foetal haemoglobin (abnormal after 3 months of age)

HbS Sickle cell haemoglobin

HBV Hepatitis B virus

Hct Haematocrit (also called ‘packed cell volume’)

HCV Hepatitis C virus

HDL High density lipoprotein

HELLP Haemolysis elevated liver enzymes and low platelets

HHS Hyperosmolar hyperglycaemic syndrome (= HONKS)

HITTS Heparin-induced thrombocytopaenia and thrombosis
syndrome

HIV Human immunosuppressive virus

HONKS Hyperosmolar non-ketotic state (= HHS)

ICP Intracranial pressure

Ig Immunoglobulin (e.g. IgA = immunoglobulin A)

IL Interleukin

INR International normalised ratio (measures clotting
time — see Chapter 21)

iu international units

VI Intravenous infusion

kDa kiloDaltons (molecular weight), =1000 daltons (Da)

kJ kilojoule
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LBBB
LDL
MDMA
MetHb
mmol
MODS
MRI
MRSA

NSTEMI
0,Hb
PAF

PaOZ
PCP

PCV
PDIs
PE
PEA
PEEP
PFC
PG,
pHi
PSV
PTT
PUFAs
QALYs
RBBB
RHb
RNA
RR

SA
SCUF

SDD

SD plasma
SIADH
SIMV
SIRS
STEMI

SV

SVT

TBI

TNF«a

ABBREVIATIONS

Left bundle branch block

Low density lipoprotein

3-4 methylenedioxymethamphetamine (Ecstasy)
Methaemoglobin

millimole

Multiorgan dysfunction syndrome

Magnetic resonance imaging

Methicillin-resistant Staphylococcus aureus, also called
multi-resistant Staphylococcus aureus

Non-ST elevation myocardial infarction

Fraction of total haemoglobin combined with oxygen
Platelet activating factor, a pro-inflammatory lipid mediator,
released as part of system immune response

Partial pressure of arterial oxygen

Pneumocystis jiroveci (formerly called Pneumocystis carinii
pneumonia)

Packed cell volume (also called ‘haematocrit’)
Phosphodiesterase inhibitors

Pulmonary embolus

Pulseless electrical activity

Positive end expiratory pressure

Perfluorocarbon

Prostaglandin I, (also called ‘prostacylin’)
Intramucosal pH

Pressure support ventilation

Prothrombin time

Polyunsaturated fatty acids

Quality adjusted life years

Right bundle branch block

Reduced or deoxygenated haemoglobin

Ribonucleic acid (part of cells)

Respiratory rate

Sinoatrial (node)

Slow continuous ultrafiltration removal of ultrafiltrate,
usually using a small-pore filter, so minimising solute
removal; used only for removing/reducing fluid overload
Selective digestive decontamination

Solvent detergent plasma

Syndrome of inappropriate anti-diuretic hormone
Synchronised intermittent minute volume

Septic inflammatory response syndrome

ST elevation myocardial infarction

Stroke volume (in context of ventilation, SV = self ventilating)
Supraventricular tachycardia

Traumatic brain injury

Tumour necrosis factor alpha
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ABBREVIATIONS

t-PA, rt-PA (recombinant) tissue plasminogen activator

TV Tidal volume (also written at V,)

TXA, Thromboxane A,

VALI Ventilator-associated lung injury (see VILI)

VILI Ventilator-induced lung injury (see VALI)

viQ Ventilation:perfusion ratio, minute volume compared with
cardiac output (normally 0.8)

VRE Vancomycin resistant Enterococci

V., Tidal volume (also written at TV)

WCC White cell count
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CONTEXTS OF CARE

What is the purpose of nurses in an ICU? What does critical illness and
admission to intensive care cost patients and their families? In the busyness of
everyday practice, these fundamental questions can be too easily forgotten. Yet
an ICU is expensive: staffing accounts for half of the ICU budgets, and nurs-
ing accounts for most staffing costs (Edbrooke ef al., 1999). So ICU nurses
need to clarify their value and ‘articulate the importance of their role in caring
for patients and their relatives’ (Wilkinson, 1992: 196). This book explores
issues for ICU nursing practice; this section establishes core fundamental
aspects of ICU nursing. To help readers articulate the importance of their role,
this chapter explores what nursing means in the context of intensive care,
while Chapter 2 outlines two schools of psychology (Behaviourism and
Humanism) that have influenced healthcare and society.

Acknowledging and continuously re-evaluating our beliefs is part of human
growth. Examining nursing’s values and beliefs, within the context of our own
area of practice, is part of our professional growth (Sarvimaki & Sanderlin
Benko, 2001).

In the UK, Comprehensive Critical Care (DOH, 2000a) identified four
levels of care (see Table 1.1), used throughout the National Health Service
(NHS). This text is about level three (critically ill) patients; a companion book
(Moore & Woodrow, 2004) focuses on level 2 patients.

Technology

Intensive care is a young speciality. The first purpose-built intensive care unit
(ICU) in the UK opened in 1964 (Ashworth, personal communication). ICUs
offer potentially life-saving intervention during acute physiological crises, with
emphasis on medical need and availability of technology.

Technology provides valuable means of monitoring and treatment.
Continuous observation of critically ill patients is important (RCN, 2003a),
but should not become a substitute for care. To achieve a patient-centred focus,

Table 1.1 Levels of care

level O ﬁofientsl whose needs can be met through normal ward care in an acufe
ospita

level 1 PoTist at risk of their condition deteriorating, or those recently relocated from
higher levels of care, whose needs can be met on an acute ward with
additional advice and support from the crifical care team

level 2 Patients requiring more defailed observation or infervention including support for
a single failing organ sysfem or postoperative care and those 'stepping down'’
from higher levels of care

level 3 Patients requiring advanced respiratory support alone or basic respiratory
support together with support o(‘Pc:I least two organ systems. This level includes
all complex patients requiring support for multi-organ failure

Source: DOH, 2000a



NURSING PERSPECTIVES

patients, not machines, must remain central to each nurse’s role (Internal Council
of Nurses (ICN), 2000). Yet the ‘tyranny of busyness’ keeps nurses isolated from
each other, preventing them from expressing their feelings to each other
(Manias & Street, 2000: 381), and presumably also from patients and their
families. While acknowledging the need for technical roles, ICU nurses should
develop therapeutic and humanistic environments which help the patient as a
whole person towards their recovery (Jastremski, 2000; Jewitt, 2002).

The patient...

Patients are admitted to intensive care because a physiological crisis threatens
one or more body systems, and their life. Care therefore needs to focus prima-
rily on supporting failed systems. Whatever merits nursing models may have for
other specialities, they have usually proved problematic for the ICU. The Mead
model (McClune & Franklin, 1987), adopted or adapted by most ICUs, derives
from Roper’s model, yet arguably owes more to the much-maligned ‘medical
model’. Although this book discusses various aspects of technological and
physiological care, many chapters focussing on specific systems and treatments,
these aspects should be placed in the context of the whole person.

Intrinsic needs derive from patients’ own physiological deficits, including
many ‘activities of living’ (e.g. communication, comfort, freedom from pain).
Meeting these needs is fundamental to nursing.

People are influenced by, and interact with, their environment. Extrinsic
needs for

B dignity

B privacy

B psychological support and
B spiritual support

define each person as a unique individual, rather than just a biologically func-
tioning organism.

Unlike all other medical and paramedical professions, nurses do not treat a
problem or set of problems. Uniquely amongst healthcare workers, nurses are
with the patient throughout their hospital stay. A fundamental role of nurses
is therefore to be with and be for the patient, as a whole person.

««.their relatives...

Relatives, including friends and significant others, are an important part of
each person’s life (Burr, 1998), giving patients courage to struggle for survival
(Bergbom & Askwall, 2000). In contrast of the often high-tech focus of staff,
families of intensive care patients often focus on fundamental aspects of phys-
iological needs, such as shaving (Ryan, 2004), pain relief and communication
(Danis, 1998). Rather than ruminate by bedsides, afraid to touch their loved
ones incase they interfere with some machine, relatives should be offered
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opportunities to be actively involved in care (Azoulay et al., 2003), without being
made to feel guilty or becoming physically exhausted. Letting relatives participate
in care can help them psychologically (Dyer, 1991; Hammond, 1995).

Physiological crises of patients often create psychological crises for their
relatives. Holistic patient care should include caring for their families and
other significant people in their life (Greenwood, 1998; Whyte & Robb,
1999). Too often, focus on tasks, however futile, can lead ICU nurses to
neglect the support needed by families (Brenner, 2002).

Relatives may be angry. They are usually angry at the disease, but it is diffi-
cult to take anger out on a disease. Instead, anger, complaints or passive with-
drawal may be directed at those nearby, who are usually nurses (Maunder,
1997). Most relatives display symptoms of anxiety or depression (Pochard ez al.,
2001; Jones et al., 2004), yet these symptoms too often remain unnoticed.
Relatives often experience unnecessary suffering (Jastremski & Harvey, 1998).
They may blame themselves, however illogically, for their loved one’s illness.
Feeling guilty and distressed, they may stay in a penance-type vigil (Dyer, 1991),
neglecting their own physical needs, such as rest (Van Horn & Tesh, 2000) and
food. Facilities for relatives should include a waiting room near the unit, some-
where to stay overnight and facilities to make refreshments (DOH, 2000a).

Relatives need information, both to cope with their own psychological cri-
sis and to make decisions. They often have a psychological need for hope, but
with one quarter of patients dying on the unit, and additional post-discharge
mortality and morbidity, there may be little hope to offer. If death seems likely,
relatives need to know so they can start grieving (Eastland, 2001). Families
may experience information overload, at a time they are least able to cope
with it (Curry, 1995). Communication by staff is often ineffective (Azoulay
et al., 2000). Printed information can provide useful reminders (Plowright,
1995), but should not be a substitute for discussion — relatives need human
support and contact. Information given should be consistent and should be
recorded in multidisciplinary notes. As most communication is not verbal,
nurses should be sensitive to both their own and relatives’ non-verbal cues,
such as posture, eye-contact and tone of voice (Maunder, 1997). Of all staff,
nurses are best placed to meet relatives’ needs, yet the needs are not always
met (Holden et al., 2002).

...and the nurse

Nurses monitor and assess patients, but they also provide care. Assessment is
fundamental to providing care, but sometimes a plethora of paperwork pre-
vents care. Nursing assessments should therefore remain patient-focussed,
enabling nurses and others to deliver effective care.

Nurses should collaborate with doctors (and other members of the healthcare
team) (Nursing and Midwifery Council (NMC), 2004). Traditional nurse to
patient ratios of 1:1 for UK ICUs are higher than in most other countries, but
UK ICU patients are also sicker (Ryan, 1997; Depasse et al., 1998). The
Department of Health (2000a) recommends the flexible use of beds for level 2 and
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level 3 patients. Widely accepted nurse—patient ratios for high dependency are 1:2,
which the BACCN (2005) position statement identifies should be the maximum
number of patients per nurse. While this may reflect acuity of disease, it often fails
to reflect nursing workload: level 2 patients are usually conscious but may be
acutely disorientated/ confused, whereas level 3 patients are often unconscious, so
more nursing time may be consumed maintaining safety for level 2 patients.
Decreasing staffing levels increases complication rates (Dang et al., 2002; Whitman
et al., 2002) and mortality (Tarnow-Mordi ez al., 2000; West et al., 2004).

Psychological stress caused or accentuated by intensive care has been
widely discussed in nursing literature since Ashworth’s seminal study of 1980.
Patients’ own reports of experiences in the ICU, such as Sawyer (1997), make
salutary reading. Dyer (1995) compares ICU practices to torture, while Johns
(2005) illustrates how dehumanising nursing can become when machines,
rather than people, become the focus of attention. Unable to speak, make deci-
sions, or alter their environment, ICU patients are confronted with a barrage of
unusual, and deficit of usual, sensory inputs (discussed further in Chapter 3).
The ICU dehumanises patients (Calne, 1994). Nurses control ICU environ-
ments, so they can rehumanise it for their patients (Todres et al., 2000).

Nurses, and nursing, have valuable roles within intensive care. But staff are
an expensive commodity. Even if economic pressures are ignored, the global
shortage of nurses and ageing workforce (Buchan, 2002) limit supply. A prag-
matic solution to both economic and recruitment limitations has been to
develop support worker roles. Most units employing support workers have
found they provide valuable contributions to teamwork, provided skillmix of
nurses is not reduced inappropriately (RCN, 2003a). BACCN guidelines
should protect patients, nurses and support workers from inappropriate
delegation (Pilcher & Odell, 2000).

Intensive care can support failing physiological systems, but too often
opportunities to prevent physiological deterioration before life-threatening
crises are missed. ICU Outreach (Medical Emergency Teams in Australia) aims
to enable earlier detection and support of problems to prevent ICU admission
becoming necessary, and to follow-up patients discharged from ICU to help
their recovery. ICU Outreach is discussed in Higgs (2004). Similarly, pre-
surgical high dependency units enable optimisation (noninvasive ventilation,
aggressive fluid management, inotropes), and so reduced complications
(Wilson et al., 1999). Pre-surgical high dependency has not so far been widely
adopted in the UK.

Patients, their relatives and nurses all suffer stress. Stress is both a psychologi-
cal and physiological phenomenon. Psychology and physiology interact.
Critically ill patients suffer physiological stress from their illness, and
psychological stress from negative emotions such as fear. The stress response is
a primitive defence mechanism, activating the hypothalamic—pituitary—adrenal
(HPA) axis (Marik & Zaloga, 2002). The pituitary gland releases
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adrenocorticotrophic hormone (ACTH), which stimulates adrenal gland
production of adrenaline (epinephrine) and noradrenaline (norepinephrine),
with increased production of other hormones, including cortisol. This ‘fight or
flight’ response, discussed further in Chapter 32, increases

heart rate

stroke volume

systemic vascular resistance
respiration rate

blood sugar and

fluid retention.

While protective in an acutely life-threatening confrontation, all factors are
frequently detrimental with critical illness.

Patients are admitted to the ICU with acute physiological crises, so interven-
tion necessarily focuses care on physical needs. Critically ill patients share their
relatives’ suffering, and feel guilty because of it (Bergbom & Askwall, 2000).
Caring for both physical and psychological needs, nurses can add a humane,
holistic perspective into patient care, preparing for recovery and discharge.
Supporting relatives provides valuable psychological support for patients.

Breaking bad news

One-fifth of ICU patients die (Young & Ridley, 2002). ICU staff often have to
break the bad news to relatives and friends. Changes may be rapid and unpre-
dictable, but if patients are dying their family need to be aware of the impending
bereavement to begin grieving (Eastland, 2001).

Where possible, both the nurse caring for the patient and a senior doctor
should inform the family of anticipated outcomes, away from the patient’s
bedside, preferably in a room where discussion will not be interrupted by
others, including telephones. The door should be closed for privacy, but access
to doors should not be obstructed incase distressed relatives need to escape.
Everyone should sit down, as family members may faint, and staff should not
stand above relatives. Posture, manner and voice should be as open as possi-
ble. Tissues should be available. Having witnesses is useful incase relatives
later complain. Detailed records of discussions should be recorded.

Relatives should be given time to think about information, express their
emotions, ask anything they wish, and offered the opportunity to return if they
wish. An information book, including details of who to contact, support
groups (such as CRUSE), is useful. Further information on bereavement can
be found in Woodrow (2004a).

Duty of care

Nurses’ primary duty of care should be to their patients. Relatives’ values and pri-
orities often differ from that of nurses’ (Gelling & Provest, 1999; Priestly, 1999).
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Where relatives’ needs conflict with patients’, nurses should put patients first.
The most frequent conflict experienced is lack of time and resources to care
for both (Farrell, 1999). Conflict can also include issues of confidentiality.
Nurses have a duty to maintain confidentiality (NMC, 2004), so should not
disclose sensitive information to anyone not directly involved in their patient’s
care, or if it is unnecessary to do so. Especial care should be taken with tele-
phone conversations, both because the other person may not be who they
claim to be, and because reactions are unpredictable.

B  Nurses need technical knowledge and skills, but nursing is more than
being a technician.

B ICU nurses have a unique role in providing holistic, patient-centred care
that can humanise a hostile environment for their patients.

B Nourses have a professional duty of confidentiality to their patients, which
remains even after their patients die.

B Physiology and psychology interact, so although the physiological crisis
necessitating ICU admission is the focus of treatment, holistic care
includes meeting physical and psychological needs. Reducing psychologi-
cal distress reduces the stress reponse, and so promotes physiological
recovery.

B Relatives experience psychological distress. Holistic patient care should
include care of relatives and significant others.

B Noursing values underpin each nurse’s actions; clarifying values and beliefs
helps each nurse and each team increase self-awareness.

B Patient experiences are central to ICU nursing, so consider what patients
are experiencing.

Summary

Much of this book necessarily focuses on technological/pathological aspects of
knowledge needed for ICU nursing, but the busyness of clinical practice brings
dangers of paying lip service to psychological needs in care plans and course
assignments, while not meeting them in practice. Psychological care is not an
abstract nicety; it affects physiology, and so remains fundamental to nursing
care. This chapter is placed first to establish fundamental nursing values before
considering individual pathologies and treatments; nursing values can (and
should) then be applied to all aspects of holistic patient care.

Intensive care is labour intensive; nursing costs consume considerable
portions of budgets. ICU nursing therefore needs to assert its value by

B recognising nursing knowledge
B valuing nursing skills and
B offering holistic patient/person-centred care.
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Person-centred care involves nurses being there for each patient, rather than
the institution.

Having recognised the primacy of the patient, nurses can then develop their
valuable technological skills, together with other resources, to fulfil their
unique role in the multidisciplinary team for the benefit of patients. ICU
nurses should value ICU nursing on its own terms: to humanise the environ-
ment for their patients. Relatives are an importance part of the person’s life,
and have valuable roles to play in holistic care. But relatives also have needs
which are often exacerbated by their loved one’s critical illness, and which may
remain unmet. The beliefs, attitudes and philosophical values of nurses will
ultimately determine nursing’s economic value.

Much has been written on what nursing is or should be. Comprebensive
Critical Care (DOH, 2000a) has profoundly influenced recent developments.
Pilcher and Odell (2000) and the RCN (2003c¢) offer guidelines for staffing
levels.

Sawyer (1997) describes experiences of being a patient in the ICU, while
Johns (2005) provides a useful reminder of humane perspectives. www.routledge.
com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical questions

Q.1 Identify environmental, cultural, behavioural and physiological
factors from your own clinical area that may contribute to the
suffering and dehumanisation of patients in the ICU.

Q.2 Outline specific resources and nursing strategies, which can min-
imise the suffering and dehumanisation of patients.

Q.3 Consider the role of a Consultant Nurse within the ICU. What are
the responsibilities of a Consultant Nurse and how may their con-
tribution to patient care be evaluated?

Q.4 Reflect upon the assessment of patient dependency in your own
clinical area. Does this consider

® patients’ need for nursing interventions
® medical interventions and
® Level of technology?
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Philosophical beliefs affect our values. Our values may be either explicit or
implicit, and influence both individual attitudes and the culture we work in
(Sarvimaki & Sanderlin Benko, 2001). Values therefore influence care.
Chapter 1 identified the need to explore values and beliefs about ICU nursing.
This chapter describes and contrasts two influential philosophies to supply a
context for developing individual beliefs and values. This is not a book about
philosophy, so descriptions of these movements are brief and simplified;
readers are encouraged to pursue their ideas through further reading.

The label ‘Humanism’ has been variously used through human history,
probably because its connotations of human welfare and dignity sound attrac-
tive. The Renaissance ‘Humanistic’ movement included such influential
philosophers as Erasmus and More. In this text, ‘Humanism’ is a specifically
twentieth-century movement in philosophy, led primarily by Abraham
Maslow (1908-1970) and Carl Rogers (1902-1987).

The Humanist movement, sometimes called the ‘third force’ (the first being
psychoanalysis, the second Behaviourism), was a reaction to Behaviourism.
This chapter therefore begins by describing Behaviourism. Two World Wars,
and other traumatic events of the twentieth century, have however replaced
some of Humanism’s classical optimism by an emphasis on recovering humane
values from the impersonality of bureaucratic and technological systems
(Walter, 1997).

Behaviourism

Behaviourist theory was developed largely by Watson (1924/1998), drawing
on Pavlov’s famous animal experiments: if each stimulus eliciting a specific
response could be replaced by another (associated) stimulus, the desired
response (behaviour) could still be achieved (‘conditioning’).

Behaviourism therefore focuses on outward, observable behaviours.
Behaviourist theory enabled social control and so became influential when
society valued a single, socially desirable, behaviour. For Behaviourists, learn-
ing is a change in behaviour (Reilly, 1980).

Holloway and Penson (1987) suggest nurse education contains a ‘hidden
curriculum’ controlling behaviour of students and their socialisation into
nursing culture. Through Gagnés (1975, 1985) influence, many nurses
have accepted and adopted a Behaviouristic competency-orientated culture,
without always being made aware of its philosophical framework. Hendricks-
Thomas and Patterson (1995) suggest this Behaviouristic philosophy is often
covert, masked under the guise of Humanism. So Roper et al.’s (1996) use
of Maslow’s hierarchy of needs does not necessarily reflect adoption of
Humanistic philosophy.

Behaviourist theory relies largely on animal experiments, but humans do
not always function like animals, especially where cognitive skills are con-
cerned. Focus on outward behaviour does not necessarily change inner values.
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People can adopt various behaviours in response to external motivators
(e.g. senior nursing/medical staff), but once stimuli are removed, behaviour
may revert; when no external motivator exists, people are usually guided by
internal motivators, such as their own values. So if internal values remain
unaltered, desired behaviour exists only as long as external motivators remain.

Behavourism relies on a series rewards and punishments to motivate indi-
viduals to conform to the desired behaviour. The rewards and punishments
used by Behaviourism are public, external to the individual, such as essay
grades, job promotion, salary or loss of privileges. Humanism also uses on
rewards and punishments, but the Humanist relies on internal ends, such as
self-actualisation and individual conscience. Humanism is therefore dependant
on the individual valuing a moral code.

Behaviourism in practice

Time ovut 1

A patient in the ICU attempts to remove his endotracheal tube. There
have been no plans to extubate as yet.

Options:

explanation (cognitive)
accepting extubation

analgesia and sedation (control)
restraint (e.g. chemical sedation)

Comment:

Here, ‘pure’ Behaviourism has already been tempered with humanitari-
anism: to try and comfort. Nevertheless, description remains deliberately
Behaviouristic, seeing the problem as behaviour (extubation). While
extubation causes justifiable concern, behaviour is a symptom of more
complex psychology. The patient attempts extubation because the tube
causes distress. Until underlying problems are resolved, they remain
problems; restraint only delays resolution.

No philosophy is ideal for all circumstances, and few are without some
merit. In this scenario, Behaviourism may justifiably ‘buy time’ until underly-
ing pathophysiology is resolved or reduced, when extubation will be desirable
rather than a problem. Behavioural approaches can be useful, but they can
also be harmful, dehumanising others to lists of task-orientated responses. Pre-
registration courses emphasise learning outcomes, creating passive learners
(Romyn, 2001). Analysing values and beliefs, understanding the implications

13
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they have for practice and selecting appropriate approaches to each context
enables nurses to provide humanistic, individualised care.

The Humanist movement was concerned that Behaviourism overemphasised
animal instincts and attempted to control outward behaviour. Humanism
emphasises inner values that distinguish people from animals, a ‘person-
centred’ philosophy. Rather than emphasising society’s needs, Humanism
emphasised the needs of the individual self. Maslow’s Motivation and
Personality (1954/1987) popularised the concept of ‘holism’ (the whole per-
son). Humanists believe people have a psychological need to (attempt to)
achieve and realise their maximum potential. Maslow (1954/1987) described
a hierarchy of needs, self-actualisation being the highest. Roper et al. (1996)
adopted Maslow’s hierarchy into their nursing model, although arguably to
Behaviouristic ends. Simplistically, Behaviourism can be viewed as attempting
to control, whereas Humanism attempts to empower. People who are con-
trolled too often learn to become helpless (Seligman, 1975). Patients believe
empowerment helps their recovery (Williams & Irurita, 2004).

Emphasis on inner values led Humanist educationalists to concentrate
on developing and/or attempting to change inner values. Values that are
internalised will continue to influence actions after external motivators are
removed. Changes in nursing practice made to conform with desires of one
person may not continue after that person has left, or even when they are not
present (e.g. days off), but changes made because the staff wish for change to
occur will continue as long as consensus remains.

Concern for inner values and holistic approaches to care makes Humanism
compatible with many aspects of healthcare and nursing, although familiarity
with terms can reduce them to levels of cliché. Humanism has much to offer
nurses analysing their philosophies of care and practice, but no ideas should
be accepted uncritically.

Lifelong learning

Where Behaviourist education aimed to achieve conformity, Humanist educa-
tion sought to promote individuality; this reflects the training versus education
debate. Training seeks to equip learners with a repertoire of behaviours
responses to specific stimuli, usually with a ‘hidden curriculum’ of indoctri-
nating conformity. Such training is often time-limited. In animals, stimulus-
response reactions are often simple (as with Pavlov’s dogs). Training equips the
learner to be reactive to problems (stimuli) rather than proactive (to prevent
potential problems occurring). Conditioned responses can be life-saving
during a cardiac arrest, but ‘training’ fails to develop higher skills to work
constructively through actual and potential human problems.

Facts and ideas are quickly outdated (Rogers, 1983), so are less valued by
Humanists than the development of skills to enable personal growth (Maslow,
1971) and learning (Rogers, 1983). Humanism seeks to develop higher cognitive
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and affective skills to analyse issues according to individual needs, most valuable
human interactions occurring above stimulus-response levels. For healthcare,
Humanism promotes a person-centred philosophy that enables learning to con-
tinue beyond designated courses; each clinical area becomes a place for learning,
and nurses should be extending and developing their skills through practice.
Many nursing actions have (literally) vital effects. Professional safety is
necessary (Rogers, 1951), and most countries have professional regulatory bod-
ies (e.g. NMC), but emphasis on individualised learning (e.g. learning contracts),
reflection and life-long learning (DfEE, 1998) recognise that learning processes
must be meaningful for each individual rather than determined by Behaviourist
objectives and outcomes. NMC requirements for re-registration emphasise that
attendance during study days does not ensure learning has taken place.

Humanism has a weak research base, so acceptance or rejection of its philos-
ophy remains largely subjective. Arguably, research-based approaches conflict
with Humanism’s fundamental beliefs in individualism; Rogers’ early work
did attempt to adapt traditional scientific research processes to Humanism,
but his later work adopts more discursive, subjective approaches.

Much learning occurs through making mistakes; individualistic learning
necessarily means making mistakes. Accepting the possibility of mistakes
involves taking risks. Human fallibility should be recognised — expecting that
mistakes will not occur, and so treating them as unacceptable, is unrealistic
(DOH, 2000b). However, errors with critically ill patients can cause signifi-
cant, potentially fatal, harm. ICU staff, especially managers, need to achieve
the difficult balance between facilitating positive learning environments and
maintaining safety for patients and others.

B Philosophy (beliefs and values) influences practice. So to understand our
practice, we need to understand our underlying beliefs and values.

B Changing inner values, rather than just outward behaviour, ensures conti-
nuity when external stimuli are removed.

B Healthcare, nursing and the ICU retain Behaviouristic legacies that can
undermine individualistic, patient-centred care.

B Humanism emphasises inner values and individualism, so Humanistic
nursing helps humanise the ICU for patients.

B  Humans are fallible, so mistakes will occur. Accepting this fallability encour-
ages errors to be acknowledged, learnt from and so limits future risks.

Summary

Philosophy is not an abstract theoretical discipline, but something underlying
and influencing all aspects of practice, so it is relevant to every chapter in this
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ook. Our beliefs, even if we are unaware o eir source, influence our
book. Our beliefs, f f th , infl
practice. Nurses can humanise care by

being there
sharing
supporting
involving
interpreting and
advocating.

(Andrew, 1998)

This chapter has outlined two influential and opposing philosophies;
applying these beliefs to nursing values (see Chapter 1) helps clarify our own
and others’ motivation.

Further reading

Skinner (1971) gives interesting late perspectives on Behaviourism, while
Gagné (1975, 1985) significantly influenced nurse education.

Maslow (1954/1987) is a classic text of Humanistic philosophy. Rogers is
equally valuable, and more approachable; his 1967 text synthesises his ideas,
while his 1983 book valuably discusses educational theory.

Many texts identified in Chapter 1 reflect (often unacknowledged)
Humanistic philosophy. Andrew (1998) offers valuable applications of
Humanistic principles to intensive care nursing.

Clinical scenarios

Mr Oliver is a 35-year-old who was admitted to ICU with a GCS of 6
following an unsuccessful attempt at suicide. He is invasively ventilated,
but without sedation in order to facilitate the weaning process. He
continually reached towards his orally endotracheal tube (ETT). This
behaviour causes the nurse to respond.

Q.1 Describe a ‘Behaviourist’ response by the nurse to Mr Oliver
reaching for his ETT.

Q.2 Explain how a ‘Humanistic’ response would differ from a
‘Behaviourist’ response in this situation. Consider the values
that underpin each response, for example, safety, duty of care,
autonomy, motivation of Mr Oliver, needs of Mr Oliver.

Q.3 Review your own practice and evaluate typical responses to this
patient’s gesture. What are your own and others’ motivating val-
ues? How might the presence of a nurse with Mr Oliver influence
his and the nurse’s responses?
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In the busyness of attempting to resolve acute physiological crises, psycho-
logical care may be relegated to afterthoughts. But physiology and psychology
interact; psychological stressors cause physiological stress responses (see
Chapters 1 and 32):

tachypnoea

tachycardia

hypertension
hyperglycaemia
immunocompromise and
oedema formation

all usually complicating critical illness.
Factors causing acute confusion and psychological distress to critically ill
patients include

B acute cerebral hypoxia/ischaemia/damage
B sensory imbalance

B sleep deprivation and

B fear/anxiety.

Hazzard (2002) found that ICU patients respond with

B intense, unremitting anxiety
B emotional volatility (hope, despair) and
B violent cognitive readjustment towards catastrophic possibilities.

Extreme psychological distress may cause post-traumatic stress disorder
(PTSD). Incidence of PTSD among ICU survivors is increasingly recognised as
a major problem. Complete solutions remain elusive, but good psychological
care may reduce incidence of subsequent psychological ill-health.

Many ICU patients suffer delirium (acute confusion) (Ely et al., 2001; Roberts,
2001; Lin et al., 2004), especially if they smoke or are normally hypertensive
(Dubois et al., 2001). Modifiable factors in ICU include

B sensory imbalance (overload or deprivation), also called ICU syndrome,
ICU psychosis

B sleep disturbance/deprivation

B drugs, including acyclovir and digoxin and

B incomplete memories.

Delirium increases mortality (Ely et al., 2001; McCusker et al., 2002).
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Sedation may provide anxiolysis (see Chapter 6), but is also a (chemical)
restraint, so it should not become a substitute for nursing care.

ICU environments are abnormal, exposing patients both to excessive and
deficient sensory stimulation, and causing psychological and physiological
problems. Environments are interpreted through our five senses — sight, hear-
ing, touch, taste and smell. Misinterpreted or imbalanced sensory inputs can
cause confusion/delirium (‘rubbish in — rubbish out’).

Time out 1

Take 2-3 minutes to list your own impressions of your environment at
this moment; complete this before reading any further.

Review your list, noting down beside each item whether impressions
were perceived through sight, hearing, touch, taste or smell. Some items
may be perceived by more than one sense. How often was each sense
used?

Most items are probably listed under sight, followed by a significant
number under hearing. Touch is probably a poor third, with few (if any)
under taste or smell. This reflects usual human use of senses: most input
is usually through sight and hearing, with very limited inputs perceived
from other senses.

Time out 2

Imagine yourself as a patient in your own ICU. Jot down under each of
the five senses any inputs you are likely to receive.

When finished, review your lists, analysing how many of these inputs
are ‘normal’ for you. Remember that people usually rely most on visual
and auditory inputs.

Sensory input
Even if eyes are/can open, ICU patients often have distorted vision from

B drugs, e.g. opioids may cause blurred vision

B absence of glasses (if normally worn) or

B restricted visual field from positioning of head or equipment such as
ventilator circuits.

Absence of vision may be caused by

B periorbital oedema (preventing eye opening) or
B exposure to keratinopathy (see Chapter 11).
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Walls and ceilings are usually visually unstimulating; overhead equipment may
be frightening. Attempts to rationalise such sensory inputs, especially if unpre-
pared for this environment before admission, are likely to cause bizarre inter-
pretation. Watching overhead monitors detracts from eye contact (non-verbal
communication), and becomes dehumanising. Nurses should actively develop
nonverbal skills (e.g. open body language, quality touch). Windows with views
help maintain orientation to normality, so views should not be obscured by
blinds, or beds placed so patients are unable to see out of windows.

Patient recall of ICU suggests that hearing remains unaltered by critical
illness, so staff and visitors should assume patients can hear normally.
Communication is fundamental to nursing care, yet aural communication may
be impaired if

B patients are unable to respond to cues

B hearing aids are missing, faulty or not switched on

B the cochleal nerve is damaged by ototoxic drugs (e.g. gentamicin,
furosemide) or

B English is not understood, or is not the person’s first language.

Conversation is too often confined to either instructions or others’ conversa-
tion (e.g. medical/nursing/team discussions, sometimes spoken across
patients). Instructions, although valid in themselves, should be supplemented
by quality conversation. Patients learning about their own condition and
progress (or misinterpreting conversation as being about them) may become
understandably anxious. Half-heard discussions and misunderstood terms are
likely to increase anxiety. Unfamiliar sounds, such as alarms, also cause anxi-
ety (Casbolt, 2002). Quality communication from nurses, explaining environ-
ments and strange noises, what is happening and providing information can
reduce anxiety (Moser et al., 2003).

Touch is a major means of non-verbal communication, especially with
impaired vision. Touch is central to caring (Edvardsson et al., 2003), yet is
frequently underused in the ICU. Overload of abnormal tactile sensations may
be caused by

unfamiliar bedding (e.g. people used to duvets)

pulling from tubes/drains/leads

oral endotracheal tubes

endotracheal suction or

pressure area care, passive movements and body positioning.

Most touch in ICU remains task-orientated. Task-orientated touch is
necessary, but reduces individuals to commodities, reinforcing their
dehumanisation. Comfort (reassuring) touch significantly improves well-being
(Butts, 2001), so patients may appreciate their pillow being turned or
their hand being held. Human touch is valuable, especially if provided by
loved ones.
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Various receptors sense information about the body’s internal and external
environment. Proprioceptors, in the musculoskeletal system, provide informa-
tion about body movement. Prolonged intervals between movement, common
in most unconscious patients, result in lack of signals. Any movement sensed,
such as movement in hoists or for procedures, may cause abnormal prioceptive
stimulation.

Isolation can be physical (e.g. siderooms) or social; social isolation may be
overt (e.g. gowns and masks, emphasising subhuman ‘untouchable’ status,
restricting visiting) or covert (e.g. avoidance of patients who have nit infesta-
tion, or depriving patients of quality touch and meaningful conversation).

Caring touch is individual, and used inappropriately may suggest intimacy
(Davidhizer & Giger, 1997) or power (Davidhizer et al., 1995). Touch should
be used sensitively, respecting individual wishes (Edvardsson et al., 2003).
Touching hands, forearms and shoulders is usually acceptable (Schoenhofer,
1989). Sensitive use of touch can offer positive proprioceptive stimulation,
rehumanising care in a potentially dehumanising environment (Wilkin, 2003).

Warm environments (above 24°C) contribute to poor sleep, as probably
experienced by readers during warm summer nights. Ambient temperature in
most ICUs usually exceeds 24°C.

Few ICU patients receive oral diets, so taste is limited to drugs (e.g. metron-
idazole causes a metallic taste) and anything remaining in the mouth such as

blood

vomit

mucus

mouthwash (reminiscent of dentists)

toothpaste or

fungal infections (Candida albicans — ‘thrush’), stomatitis.

Taste relies largely on smell, so reduced olfactory input (from intubation)
reduces perception of taste.

Air turbulence over four nasal conchae (or tubinates) exposes smells to
olfactory chemoreceptors. Intubation bypasses this mechanism, so sense of
smell is usually reduced, although not absent. ICU smells are often abnormal:

‘hospital’ smells (disinfectant, diarrhoea, body fluids)
human smells (perfume, body odours)

putrefying wounds or

nasogastric feeds.

Reticular activating system

Sensory information is filtered by the reticular activating system, near the
medulla. This normally discards nearly all inputs, only passing on meaningful
(for the individual) information to the cerebral cortex. This prevents sensory
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overload thereby maintaining sanity. Reticular activating system dysfunction may
be caused by drugs (e.g. ketamine, lysergic acid — LSD, ecstasy — see Chapter 47)

reduced sensory input
relevance deprivation
repetitive stimulation
unconsciousness

(O’Shea, 1997)

resulting in sensory overload (‘psychedelic’ effects) and hallucinations.

The senses provide the cerebral cortex with information to make sense of the
individual’s environment. Abnormal sensory input is likely to cause abnormal
cerebral interpretation, resulting in abnormal responses, such as hallucinations
and psychosis. Responses depend on both reception (sensory stimuli) and
perception (sensory transmission to, and interpretation by, higher centres).
Hallucinations vary, often being vivid and usually terrifying. Sensory deprivation
can cause acute psychoses, delusions and severe depression, which may persist for
many days. Delirium is undesirable from humanitarian perspectives, but it also
has physiological costs — ICU mortality increases with delirium (Lin et al., 2004).

Reasons behind nursing actions may appear mysterious to many patients
(relevance deprivation). Explanations may reduce anxiety and psychological
(and so physical) pain (Hayward, 1975). Reality orientation can be useful, but
can also provoke aggression; people who are disempowered by being expected
to passively accept contradiction are likely to respond with aggression.

Understanding patients’ perceptions and interpretations is not always possible,
but can make sense of hallucinations and bizarre actions: lying on moving beds
may resemble cross channel ferries. Reported experiences often suggest profound
fear; nurses (and other healthcare professionals) may become devils/tormentors,
so nurses attempting to explore fears or reassure patients may meet resistance.

Intubation prevents ICU patients from speaking, and conscious ICU
patients often have psychomotor weakness, which makes writing difficult.
Unable to communicate fully and normally, patients often experience frustra-
tion. Gestures, facial expression and physiological signs (e.g. tachycardia) may
be attempts to communicate, or indicate comfort, pain or anxiety. Etchels
et al. (2003) describe a machine to enable intubated patients to ‘talk’, but so
far this research technology appears to be languishing unused.

Delirium is problematic to manage. Haloperidol is widely used. Ely ez al.
(2004) suggest haloperidol has few side effects, although as it affects many
different receptors it can cause various problems, and only changes the
behavioural response (delirium).

Bergeron et al. (2001) describe a screening tool for delirium which, if used
constructively, may help identify problems. However, if screening becomes one
additional time-consuming task taking nurses away from giving human
interaction, it may become counter-productive.
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Circadian rhythm

Circadian rhythm (change in body function over a day) is individual to each
person, with normal slight variations between each day. Critical illness and
abnormal environments (ICU) can severely disrupt one’s circadian rhythm.
Circadian usually peaks at about 6 pm hours and ebbs between 3 and 6 am.
Most nurses working night duty experience the ebb stage (Muecke, 2005), so
should avoid high-risk actions (e.g. extubation) at this time. During this ebb,
reduced peripheral circulation may cause ischaemia (‘night cramps’). Nursing
assessment should identify whether patients normally suffer from night
cramps, and what they do to relieve it.

Circulating catecholamine and cortisol levels peak around 6 am (Chassard &
Bruguerolle, 2004). Sympathetic stimulation from catecholamines (increased
heart rate, vasoconstriction) prepares for increased physical activity, but
results in highest risk from myocardial infarctions and strokes between 6 and
10 am (Soo et al., 2000). Early morning stimulation (e.g. washes) are best
avoided with vulnerable patients.

Sleep is restorative and essential to health. Disrupted sleep can cause ill-health —
most major accidents, such as Chernobyl, Three Mile Island and Bhopal, have
been linked to night work, and most sleep-related vehicle accidents occur
between 2 and 6 am (Rajaratnam & Arendt, 2001). Most ICU patients suffer
sleep disruption (Bourne & Mills, 2004).

Sleep patterns can vary widely, cycles being controlled by the suprachias-
matic nucleus (‘biological clock’) in the hypothalamus. Release of many
hormones (e.g. melatonin, serotonin, growth hormone, glucagon, cortisol,
catecholamines, ADH) increases during sleep. Inadequate sleep causes,

B catabolism
B  immunocompromise
B respiratory dysfunction and
(Bourne & Mills, 2004)

can delay weaning (Higgins, 1998) and increase morbidity and mortality
(Parthasarathy & Tobin, 2004).

Most people normally enjoy 4-5 sleep cycles each night, each lasting about
90 minutes. Cycles consist of two main phases:

B non-rapid eye movement (non-REM), sometimes called orthodox and
B rapid eye movement (REM), sometimes called paradoxical, due to
increased levels of cerebral activity.

Non-REM sleep has four stages, Stages 3 and 4 being the most essential,
restorative part of sleep (Dodds, 2002). Dreams normally occur in late stages,
but arousal is easier (Bourne & Mills, 2004), and if sudden may cause
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disorientation (Dodds, 2002). Sleep is often disrupted by ICU drugs, which
reduce REM sleep, which include benzodiapines (e.g. midazolam), opioids,
clonidine and noradrenaline (Bourne & Mills, 2004).

One of the most important nursing interventions at night is usually to allow
patients to sleep, so nursing care should facilitate sleep. Pain is the main cause
of disturbed night sleep in ICU patients (Frisk & Nordstrom, 2003), but nurs-
ing tasks also often disturb sleep. Nursing activities should be clustering to
facilitate undisturbed stretches of two hours (one sleep cycle) whenever possi-
ble. Lights are usually dimmed overnight to maintain circadian rhythm, but
commencing nursing activities early each morning (e.g. 6 am) may deprive
patients of their final sleep cycle.

Dimming lights mimics day/night cycles, but ‘dimmed’ lighting often
exceeds levels most nurses would choose for their own bedrooms at night. At
night environments should generally be as dark as is safely possible, while dur-
ing day sunlight, rather than artificial light, promotes psychological wellbeing.
Florescent lighting makes a poor substitute for windows.

Sleeping during abnormal times in the circadian rhythm reduces both quan-
tity and quality of sleep, as experienced with jet lag (Rajaratnam & Arendt,
2001). Morning rest is mainly REM sleep, which increases cerebral blood
flow, recovery of brain tissue and emotional healing. Morning sleep is there-
fore especially useful for patients with traumatic brain injury. During after-
noon rest non-REM sleep predominates. As non-REM sleep increases release
of growth hormone, afternoon rest is especially beneficial following trauma,
surgery or myocardial infarction.

Noise in the ICU has been much studied, perhaps because it is relatively easy
to measure, although environmental noise does not appear to be a major cause
of sleep disturbance in ventilated patients (Bourne & Mills, 2004). Noise
(undesired sound) is subjective: what is useful or enjoyable for one person can
annoy others. But sustained noise

impairs quality and quantity of sleep

increases adrenocorticotrophic hormone release, triggering the stress
response (see Chapter 1) (Christensen, 2002)

B reduces motivation and cognition (Stansfeld & Matheson, 2003).

ICUs are noisy. Much of the noise is unavoidable, inevitably continuing
overnight. However, ‘unnecessary noise is the most cruel absence of care which
can be inflicted on either sick or well” (Nightingale, 1859/1980: 5). Nurses
should therefore actively reduce unnecessary noise.

Sound is measured in decibels (dB), every 10 dB representing a tenfold
increase in intensity. Sounds of 0 dB are barely perceptible by the human ear, but
10 dB has 10 times this intensity and 20 dB has 100 times. Healthy human ears
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can detect changes as small as 0.1-0.5 dB whereas 130 dB causes physical pain.
While equipment and interventions in ICU rarely reach this level, they con-
stantly breach the International Noise Council’s recommended upper limit of
45 dB for ICU during daytime and 20 dB overnight (Granberg ez al., 1996), and
often the upper UK legal limit of 85 dB for noise at work. Prolonged exposure
to 85-90 dB causes hearing loss (Stansfeld & Matheson, 2003). Overall ICU
noise levels are often 61.3-100.9 dB (McLaughlin et al., 1996). Conversations
can measure 90 dB (Ros et al., 2000), while even whispers usually cause 30 dB,
enough to disturb sleep (Wood, 1993). Not all conversations are necessary.

Not all sound is undesirable. Music therapy can reduce anxiety (Chlan, 1998;
Wong et al., 2001; Wang et al., 2002), but should

B reflect patients’ choices (rather than staffs’)

B use comfortable volume levels (this varies between individuals, choosing
the right level for someone unable to speak can be problematic)

B be varied rather than repeated

B allow rest periods (especially if using headphones, which can quickly
become uncomfortable).

Post-traumatic stress disorder (PTSD)

Follow-up studies of ICU experiences consistently identify traumatic memories
(Simini, 1999; Roberts & Chaboyer, 2004). Up to half of ICU patients may
develop post-traumatic stress disorder (PTSD), compared with only 1 per cent
of the general population (Jones & Griffiths, 2002; Jones ez al., 2004).
Following discharge, some patients need mental health services (Daffurn ez al.,
1994), but are often reluctant to seek help (Maddox et al., 2001). Relatives
may also experience PTSD.

Memories of the ICU are often incomplete and compressed. Unlike normal
sleep, sedation and critical illness can cause partial or total amnesia
(Backmin & Wialther, 2001), leaving patients with incomplete, abnormal and
often traumatic memories, and the psychological trauma of missing or lost
time (Perrins et al., 1998). Patients consider that their recovery is improved if
they have personal control (Williams & Irurita, 2004), so ‘missing time’ can
be psychologically traumatic. ‘Patient diaries’ recording significant events dur-
ing their illness which patients may want to find out about can be a valuable
way to come to terms with ‘missing time’ (Bergbom et al., 1999; Combe,
2005). Professional duties of confidentiality, other ethical issues and time
factors may limit whether staff can or should keep patient diaries, but they
could be kept by families, who are more likely to record what would interest
patients.

Sensitive, humane nursing care can reduce some of the trauma. This may be
through attending to fundamental physiological needs, such as oral hygiene,
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or through considering how actions and conversations may be interpreted by
patients. Feedback from Outreach and ward nurses should be used to change
problem practices (Hazzard, 2002).

Recovery

Despite complications, most ICU patients survive critical illness. Transfer to wards
can cause relocation stress (Strahan & Brown, 2005). Weaning care by reducing

B time spent with patients or
B  monitoring (equipment, frequency)
B helps adjustment to non-intensive care environments.

B Sensory imbalance is a symptom of psychological pain, provoking a stress

/ response; alleviating pain provides both humanitarian and physiological
benefits, so should be fundamental to nursing assessment and care.

B Sensory imbalance can be reduced by

@ creating environments that minimise sensory monotony or overload

® provide patients with explanations, and help them to understand
what they are experiencing

® where patients are able to participate in care, encouraging them to
take active roles.

B Monitors should be sited unobtrusively.
B Facilitating sleep is usually the nurse’s most important role overnight, and
can be optimised by:

® individual assessment of sleeping pattern/needs

@® minimising interventions

® allowing three to four undisturbed two-hour periods
® dimming lights as much as is safely possible overnight.

B Afternoon rest periods of 90-120 minutes should also be provided.

B Relatives should be encouraged to participate in care, and encouraged to
share news and use touch. They should not be made to feel guilty or
exhausted. Open visiting, facilities and information can give relative
much-needed support.

B Patient diaries can be a useful means for patients to come to terms with

‘missing time” and PTSD.

Patients should be offered psychological support following ICU discharge

Problems identified from Outreach visits and post-discharge surveys/

audits should be used to change practice.

B  With recovery, care should be weaned to prepare patients for ward
environments.
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Summary

Many critically ill patients experience acute psychoses, some developing
persistent post-traumatic stress disorder. Critical illness and ICU are stressful,
but nurses can actively reduce stressors, positively contributing to the psycho-
logical, and so physiological, health of their patients.

The significance of psychology is often acknowledged in academic assign-
ments, but not so often translated into practice. Critical care nurses neces-
sarily prioritise resolving physiological crises, so inadequate staffing may
cause neglect of psychological care (Williams & Irurita, 2004). But, despite
limitations from macroeconomics, aspects of psychological care can be
improved.

Sensory imbalance includes both sensory overload and sensory deprivation.
Maintaining sensory balance helps maintain psychological health, reducing
complications from stress responses. Quality sensory inputs to humanise care
may include the reassurance, caring touch and presence of relatives.

Sleep facilitates health and healing, yet many critically ill patients suffer
sleep deprivation. Nurses should individually assess each patient’s needs,
attempting to provide a humanised and healthy environment for recovery.

Further reading

Mclnroy and Edwards (2002) identify problems and practical strategies, while
Roberts (2001) and Roberts and Chaboyer (2004) identify patients’ psycho-
logical needs. Christensen (2002) reviews the continuing problem of noise and
Bourne and Mills (2004) review sleep disruption. Casbolt (2002) discusses
communication, while Bergbom et al. (1999) show the value of patient diaries.
Dodds (2002) summarises normal sleep patterns and problems in the ICU.
www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Mr Robert Duke is 67 years old and was admitted to the ICU 26 days
ago following an emergency abdominal surgery. His past medical history
includes COPD, smoking and heavy alcohol use. Mr Duke has a
tracheotomy and his respiratory support has been weaned to bilevel NIV.
He continues to have copious secretions requiring clearance and twice
daily 5 mg nicotine patch applications. Mr Duke refuses to co-operate
with nursing care and avoids eye contact with everyone except his wife.
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He appears sleep deprived and, as observations indicate, he takes 15 minute
naps at night, with a total of 2 hours sleep recorded in 24 hours.

Q.1 Note the best methods to determine Mr Duke’s psychological state,
for example, mood, anxiety, understanding, consent to treatments,
pain, discomfort, etc. How will you assess Mr Duke’s communication
abilities and understanding of his situation?

Q.2 TIdentify risk factors associated with development of sensory
imbalance and delirium in the ICU for Mr Duke. How can these
risks be minimised?

Q.3 Consider strategies to improve his experience of critical care and
include specific interventions for psychological and physical
comfort.
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Fundamental knowledge

Respiratory anatomy & physiology

Normal (negative pressure) breathing & mechanics of
normal breathing

Deadspace and normal lung volumes

Experience of nursing ventilated patients

Local weaning protocols/guidelines

Ventilation is the process by which gases move in and out of the lungs. When
self-ventilation is, or is likely to be, inadequate due to disease or drugs, artifi-
cial ventilation may be required. Artificial ventilation may fully replace
patient’s own ventilation, or support self-ventilation.

Intensive care units developed from respiratory units. Providing mechanical
ventilation, and so caring for ventilated patients, is fundamental to intensive
care nursing. Nurses should have a safe working knowledge of whichever
machines and modes they use — manufacturers’ literature and company repre-
sentatives are usually good sources for information. This chapter discusses the
main components of ventilation, more commonly used modes, and identifies
complication of positive pressure ventilation on other body systems. Table 4.1
lists commonly used abbreviations and terms, but terminology of modes varies
between manufacturers and authors (Branson & Campbell, 2001). Additional
ventilatory options are discussed in Chapter 29. Negative pressure ventilation
is rarely used in ICUs, so is not discussed in this book. Oxygen toxicity is
discussed in Chapter 18. NIV is briefly discussed.

Invasive ventilation can be life-saving, but dying sedated and intubated on
a busy ICU is not a dignified death. Invasive ventilation should therefore
only be used for potentially recoverable conditions. When patients cannot
make competent decisions for themselves, nurses (as patients’ advocates)
should contribute actively to multidisciplinary decisions. A useful ethical
maxim is whether proposed interventions are likely to prolong life or prolong
death.

Respiratory failure

Respiratory failure causes inadequate oxygenation, and may cause inadequate
carbon dioxide removal. There are two types of respiratory failure:

B Typel: Oxygenation failure — hypoxia (PaO, < 8 kPa) with normocapnia
(PaCO, < 6 kPa).

B Type 2: Ventilatory failure — hypoxia (PaO, < 8 kPa) with hypercapnia
(PaCO, > 6 kPa).

(British Thoracic Society, 2002)
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Table 4.1 Commonly used abbreviations and terms

AMV assisted mandatory ventilation

APRV airway pressure release ventilation

APV adaptive pressure ventilation

ASV assisted support ventilation

barotrauma damage fo alveoli from excessively high (peak) airway pressure

CMmV controlled mechanical ventilation

FiO, fraction of inspired oxygen (expressed as a decimal fraction, so FiO,
1.0 = 100% or pure oxygen)

I:E inspiratory fo expirafory rafio (on ventilator)

MMV mandatory minute ventilation

open lung strafegies
pe\r/missive hypercapnia
pressure support

PRVC

PS

respirafory failure

strategies to keep alveoli consfantly open, and so prevent atelectasis
proportional assist ventilation

tolerating abnormally high arterial carbon dioxide tensions (pCO,) to
enable smaller fidal volumes

selfventilating (triggered) breaths have volume augmented by the
ventilator until preset airway pressure is reached

pressure regulated volume control

pressure support

Type 1: oxygenation failure — hypoxia [PaO, < 8 kPa) with
normocapnia (PaCO, < 6 kPa); Type 2: ventilatory failure — hypoxia
[PaO, < 8 kPa) with hypercapnia [PaCO, > 6 kPa)

SIMV synchronised intermittent mechanical ventilation

frigger when patientinitiated breaths generate sufficient negative pressure,
frigger initiates inspiratory phases through ventilators

V/Q (alveolar) ventilation fo (pulmonary capillary) perfusion ratio; normal
V/Q=0..8

VAL ventilator-associated lung injury (see VILI)

VIL ventilatorinduced lung injury (see VALI)

volutrauma damage from alveolar distension [excessive volume); also called

‘volotrauma’

Gas exchange in lungs is determined by three factors

B ventilation (V) — breath size

B perfusion (Q) — pulmonary blood flow
B diffusion — movement of gases across tissue between pulmonary blood and
alveolar air.

Normal adult alveolar respiration is about four litres each minute; normal
cardiac output is about five litres each minute, creating a ventilation:perfusion
(V/Q) ratio of 4:5, or 0.8. Perfusion without ventilation is called a shunt.
Shunting can also occur at tissue level (reduced oxygen extraction ratio — see
Chapter 20).

Carbon dioxide is 20 times more soluble than oxygen. In health distance
between alveolar air and pulmonary blood is miniscule — 0.2-0.4 micrometers
(erythrocyte diameter is about 7 micrometers). So in health, poorer solubility
of oxygen is insignificant. However, diseases increasing distance between

33



FUNDAMENTAL ASPECTS

34

alveolar air and pulmonary blood (such as pulmonary oedema) inhibit oxygen
transfer, causing Type 1 respiratory failure.

Air contains virtually no carbon dioxide (0.04 per cent). Carbon dioxide in
blood is a waste product of metabolism. If metabolism and carbon dioxide
production remain constant, blood levels depend on its removal, which is
mainly affected by breath size, flow (‘washout’) and frequency (rate). Type 2
respiratory failure may be caused by any disease which limits breath size, such
as neuromuscular weakness (e.g. Guillain Barré Syndrome), bronchoconstric-
tion (chronic obstructive pulmonary disease) or extensive alveolar damage
(emphysema, ARDS). Carbon dioxide production can be altered by nutrition —
Pulmocare® causes less carbon dioxide production than standard feeds.

Artificial ventilation

Artificial ventilation attempts to temporarily replace or support patients’ own
ventilation. This may be planned as part of post-operative care, or necessitated
by existing or potentially imminent severe respiratory failure.

Ventilators are traditionally classified as

time (controlled by rate or I:E ratio)

volume (delivers gas until preset tidal volume is reached)
pressure (delivers gas until present airway pressure reached)
flow (rarely used)

cycled. Fully regulating ventilation through one of these means created
controlled mandatory ventilation (CMV), but this is now rarely used in ICUs.
Modern ventilators usually provide various mandatory and self-ventilating
modes, many being ‘dual control’ — able to switch automatically to other
modes. Ventilators also have various safety features, including apnoea backup,
which changes self-ventilating modes to mandatory ones if apnoea persist
beyond preset limits (often 20 seconds). Modes and options used depend
largely on patients’ needs, but also on available technology, which varies
slightly between manufacturers. All settings should be considered in the con-
text of individual patient needs and problems, and other ventilator settings.
Oxygenation relies on functional alveolar surface area, so is determined by

mean airway pressure
inspiration time

PEEP

FiO,

pulmonary blood flow.

Carbon dioxide removal requires active tidal ventilation, so is affected by

B inspiratory pressure
B tidal volumes
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B expiratory time
B frequency and flow of breath.

Manipulating these factors can optimise ventilation while minimising
complications.

Care of ventilated patient

Caring for ventilated patients should be holistic, the sum of many chapters in
this book. Artificial ventilation causes potential problems with

B safety
B replacing normal functions (see Chapter 5)
B system complications.

Safety

Individual patient handover is usually at the bedside. During handover, and
frequently during their shift, nurses should observe their patients’

B general appearance (e.g. colour, position, facial expression)

B level of sedation

B comfort (signs of pain, body position/alignment, coughing/gagging from
tube).

Following handover, respiratory observations include

chest wall movement (bilateral)

lung auscultation to identify air entry (see Chapter 17) and lung sounds.
If secretions (rattles) are heard, suction is usually needed

B size and position of tube

B cuff pressure (see Chapter 5)

B effectiveness of sedation and analgesia (usually through scoring systems).

Additional observations should be individualised to the patient, but may include

B  Glasgow Coma Scale
B arterial blood gas analysis.

Following handover, the ventilator should be checked for
B all settings, and whether they are appropriate for the patient
B alarm limits

B what effort/breaths (if any) the patient is making, and size of self-ventilating
tidal volumes.
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Layout of bedareas should minimise nurses having to turn their backs on their
patients. Alarms do not replace the need for nursing observation, but are
useful adjuncts, so should be narrow enough to provide early warning of
significant changes, but with sufficient leeway to avoid causing patients or
family unnecessary distress.

Safety equipment and backup facilities incase of ventilator, power or gas
failure should include

B manual rebreathing bag, with suitable connections
B oxygen cylinders
B reintubation and suction equipment.

Additional safety equipment may also be needed (e.g. tracheal dilators).
Nurses should check all safety equipment at the start of each shift.

Physical restraint, used in some countries to prevent self-extubation and
ensure safety, is generally unacceptable in the UK. Physical restrains should
only be used as a last resort (RCN, 1999), limited to manual restraint, using
minimum force necessary, and released as soon as possible. Chemical restraint
(sedation) is discussed in Chapter 6.

Physiological complications

All body systems are affected by artificial ventilation. Managing artificial ven-
tilation focuses on avoiding or limiting ventilator-induced damage rather than
achieving ‘normal’ gases. Although this description is reductionist, and further
complications are identified in Chapter 5 and elsewhere, cumulative effects on
the whole person should be remembered.

Respiratory The main complication, ventilatory-associated lung injury (VALI),
is discussed later. Other respiratory complications include increased resistance
from narrow, rigid tubes causing increased work of breathing (with self-ventilating
breaths). Artificial support should therefore be increased if patients show signs of
exhaustion or becomes tachypnoeic with low tidal volumes. If severe respiratory
muscle causes prolonged weaning, patients may benefit by ‘resting’ overnight on
ventilator-initated modes, to resume weaning the following day.

Cardiovascular Normal respiration aids cardiac return through negative
intrathoracic pressure. Conversely, positive pressure ventilation

B impedes venous return
B increases right ventricular workload
B causes cardiac tamponade.

So positive pressure ventilation increases venous while reducing arterial
pressures, potentially causing

B oedema (including pulmonary)
B hypoperfusion/failure of all organs.
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Oedema may be caused by

venous congestion
renin—angiotensin—aldosterone response
antidiuretic hormone secretion

atrial natriuretic peptide.

Liver dysfunction from

B diaphragmatic compression (raised intrathoracic pressure)
B portal congestion and hypertension (impaired venous return)
B ischaemia (arterial hypotension)

reduces

albumin production

drug/toxin metabolism

clotting factor production

complement production (infection control)

so causing

reduced colloid osmotic pressure (hypovolaemia, hypotension, oedema)
toxicity (e.g. ammonia can cause coma)

coagulopathy

opportunistic infection.

Neurological Reduced cerebral bloodflow predisposes to confusion/
delirium.

Ventilator associated lung injury (VALI)

Positive pressure can cause chronic lung damage (Cooper et al., 1999).
Identified or speculated causes of VALI include:

barotrauma, from high airway pressure

volutrauma, from overdistension, usually caused by large tidal volumes
atelectrauma, possible damage from continual opening and closure of
alveoli

biotrauma, proinflammatory cytokine release from alveolar distortion
oxygen toxicity (see Chapter 18).

(Pinhu et al., 2003; Cooper, 2004)
Most recent changes in ventilatory practice aim to prevent VALIL.

Barotrauma can be reduced by pressure-limiting ventilation, and adjusting
ventilatory patterns. Lung function is affected by the way positive pressure is
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applied, so maximising tidal volume while minimising peak pressures optimise

gas exchange while limiting barotrauma (Bigatello et al., 2005), which can be

adjusted using pressure:volume waveforms. However, it remains unproven

whether mean, peak or end expiratory pressures cause most damage (Cooper,

2004). Barotrauma occurs more frequently in lateral positions (Cooper, 2004).
Cooper (2004) recommends that VALI can be minimised through

B Open lung strategies: PEEP + prone position (or continuous lateral
rotation therapy if prone contraindicated)

B semi-recumbent position

B low tidal volumes

B pressure-limited ventilation.

Peak airway pressure (PAP) should, if possible, be limited to 30 cmH,O (Acute
Respiratory Distress Syndrome Network, 2000; Hess, 2002).

Tidal volume

Tidal volume affects gas exchange, but can also cause shearing damage to
lungs; settings therefore balance oxygenation and carbon dioxide removal
against limiting lung injury. Patients at greatest risk from alveolar trauma usu-
ally have poor compliance, low functional lung volumes and hypoxia. The
Acute Respiratory Distress Syndrome Network (2000) recommend tidal
volumes between 4 and 8 ml/kg, with a ‘target’ of 6 ml/kg (420 ml for 70 kg
patients), which may necessitate accepting permissive hypercapnia. Gas
exchange may be improved through adjusting other aspects (e.g. inspiratory
flow, mean airway pressure, PEEP).

Positive end expiratory pressure (PEEP)

Normally, respiratory muscles relax passively with expiration, leaving residual
gas within airways, usually exerting 2-2.5 cmH,O pressure. This is variously
called ‘auto-PEEP’, ‘intrinsic PEEP’, ‘natural PEEP’, “air trapping’ and ‘breath
stacking’. Intubation prevents upper (but not lower) airway closure, so meas-
ured airway pressure returns to zero-PEEP at the end of expiration.

PEEP resists expiratory flow, which

B prevents atelectasis

B recruits collapsed alveoli

B facilitates oxygen exchange during expiratory pause thereby improving
oxygenation.

However PEEP can

B cause barotrauma
B cause gas trapping and hypercapnia
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Table 4.2 Recommended PEEP to FiO, settings
FIO, PEEP
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Source: Acute Respiratory Distress Syndrome Network (2000)

B reduce venous return (increasing cardiac workload)
B increase work of breathing on self-ventilating modes by increasing
resistance to expiration.

Optimal PEEP with artificial ventilation is debated. The Acute Respiratory
Distress Syndrome Network (2000) recommends increasing PEEP according
to FiO, (see Table 4.2).

Disconnection from ventilators causes loss of PEEP and so atelectasis. Some
ventilators include very short-term lung recruitment manoeuvres, often lasting
less than one minute, to re-recruit alveoli after disconnection (Pinhu et al.,
2003).

Trigger

This senses patient-initiated breaths. Making trigger levels less negative
makes it easier to initiate breaths through the ventilator, so can be useful for
weaning. With most modes, triggered breaths are additional to preset volumes.

Intermittent positive pressure breathing (IPPB - e.g. the ‘Bird’) is effectively
a ventilator cycled solely by triggering. IPPB encourages deep breathing and
alveolar expansion, and is sometimes used for physiotherapy.

At rest, self-ventilation negative pressure is approximately —3 mmHg,
trigger levels below this can cause discomfort (fighting). Settings close to zero
are usually used (e.g. 0.5-2). Settings of zero can cause autocycling, the venti-
lator triggering itself at the end of each expiratory phase. Trigger/sensitivity
settings normally allow for PEEP (but check manufacturers’ information), so
trigger of —0.5 cmH,0O with PEEP of 5 allows triggering at +4.5 cmH,O.
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Self-ventilating modes rely on patient-initiated breaths. If patients are
gas-trapping (e.g. asthma), they may generate insufficient negative pressure to
trigger ventilators.

Normal breathing includes a physiological sigh every few minutes, preventing
atelectasis during shallow breathing, increasing compliance, and so preventing
infection. Ventilator sighs usually double tidal volumes. The use of the venti-
lator sigh was rapidly abandoned in the UK (although not in all countries), as
it seemed to have no proven benefit and could cause barotrauma. However,
use of smaller tidal volumes has revived interest in the sigh to recruit alveoli in
ARDS (Pelosi et al., 2003).

Assisted mandatory ventilation (AMV)

Simv

This provides controlled mandatory ventilation, while allowing patients to
trigger breaths. Modern ventilators include trigger with almost all modes,
making AMV almost obsolete.

Synchronised intermittent mechanical ventilation (SIMV) is a primitive wean-
ing mode, creating ‘gaps’ between mandatory breaths, allowing blood carbon
dioxide to accumulate, so stimulating the respiratory centres. Reducing SIMV
rate increases duration of ‘gaps’. Total minute volume therefore depends on
size and number of self-ventilating breaths.

The ‘synchronised’ component recognises patient-initiated breaths, delay-
ing any imminent mandatory breath to prevent ‘stacking’ — hyperinflation of
mandatory breath volume on top of triggered breath volume, which might
cause barotrauma. Adding pressure support to SIMV increases size of trig-
gered breaths, reducing work of breathing and assisting weaning. However,
most ventilators now include better weaning modes.

Airway pressure release ventilation (APRV)

This self-ventilating mode provides continuous positive airway pressure
(CPAP), with periodic release of pressure to a lower level (Habashi, 2005).
This makes it an ‘open lung’ approach, with ventilation occurring during
release rather than inspiratory phases, release allowing clearance of carbon
dioxide. Reducing the pressure difference encourages spontaneous ventilation,
and so can be useful for weaning.

Pressure limit

40

To prevent barotrauma, peak pressure limit prematurely terminates inspira-
tion once preset limits are reached. Peak pressure limit should usually be
30 cmH,O (Acute Respiratory Distress Syndrome Network, 2000).
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Pressure support

This is a self-ventilating, flow-cycled, mode. Once a breath is triggered,
pressure support delivers gas until preset pressure is reached, adding volume
to weak breaths, so compensating for respiratory muscle weakness. Pressure
support is often commenced at 20 cmH,0O, then decreased usually in incre-
ments of 2 cmH,O, until extubation usually at 10 cmH,O.

Pressure support (PS) can by used as a self-ventilating mode, or a support
to patient-initiated breaths in mandatory modes. Whenever patients are
making some respiratory effort, pressure support is usually useful.
Spontaneous negative pressure breathing also increases venous return to the
heart, and so reduces cardiac compromise.

Duel modes combine advantages of volume control ventilation (constant minute
volume) and pressure-controlled ventilation (rapid, variable flow). However,
depending on settings, some ventilators may fail to control minute volume.

A widely used dual control mode is Pressure Regulated Volume Control
(PRVC), also called Adaptive Pressure Ventilation (APV). This controls
volume, but ceases if maximum preset pressure is reached.

More recent dual control modes include Adaptive Support Ventilation
(ASV), which adjusts various aspects (mandatory rate, tidal volume, inspira-
tory pressure, inspiratory time, :E ratio) to maintain preset minute volume.
This makes weaning easier to manage (Petter et al., 2003), while ensuring
apnoeic patients are fully ventilated.

Proportional assist ventilation (PAV)

PAV allows ventilators to adjust (proportion) airway pressure according to
patients’ effort (Hess, 2002), thus compensating for changes in lung compli-
ance and resistance. It is currently not available on many ventilators.

Inspiratory:expiratory ratio
A breath has three active phases:
B inspiration
B pause/plateau/inspiratory pause
B expiration
and a fourth passive phase

B expiratory pause.

Some ventilators determine breath pattern by adjusting two of the parts as
percentages of the whole breath; other ventilators set an LE (inspiratory to
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expiratory) ratio, with separate control for pause/plateau time. Whichever
used, these are different ways to express the same equation. This text uses I:E
ratios. I:E ratio cannot be regulated in self-ventilating modes.

Adjusting mandatory breath pattern affects ventilation. Oxygen transfer
occurs primarily during inspiration and plateau; incomplete expiration (e.g.
short expiratory phase; gas trapping) increases alveolar carbon dioxide con-
centrations, reducing diffusion from blood. Changing LE ratio therefore
manipulates alveolar gas exchange.

Normal LE ratios are about 1:2. Awake patient’s are unlikely to tolerate
significantly different ratios. However, reduced airflow (poor lung compliance,
e.g. ARDS), necessitates relatively longer inspiratory time. Prolonging
pause/plateau time has similar effects to PEEP — increasing gas exchange, but
also increasing intrathoracic pressure. Bronchospasm (e.g. asthma) reduces
expiratory flow, needing longer expiratory time.

Inverse ratio ventilation

Inverse ratio ventilation (IRV) uses ratios of 1:1 or below, making expiratory
time abnormally short. Advantages of IRV are:

B alveolar recruitment from prolonged inspiration time

B alveolar stabilisation from shorter expiratory time (like PEEP)

B increased mean airway pressure (increased ventilation) without raising
peak pressure (barotrauma).

However, IRV is physiologically abnormal, so can only be used with manda-
tory ventilation and usually necessitates additional sedation and often paraly-
sis. IRV further increases intrathoracic pressure, compromising cardiac output.

Independent lung ventilation

With single-lung pathology, patients may benefit from different modes of ven-

tilation being used to each lung. Independent lung ventilation requires double

lumen endotracheal tubes, one lumen entering each bronchus. Independent

ventilators, each using any available mode, may then be used for each lung.
Independent lung ventilation may be impractical due to:

B insufficient available ventilators
B increased costs and workload (e.g. ventilator observations are doubled)
B danger to safety (access to patient, consuming more nursing time).

Weaning

With severe respiratory failure, artificial ventilation may be life-saving. But
prolonging ventilation unnecessarily is costly, both to patients (morbidity,
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risks) and to ICUs (workload, financial). While early extubation is desirable,
premature extubation increases morbidity and mortality, often necessitating
reintubation. Daily ‘sedation holds’ (see Chapter 6) helps assess likely success
of extubation.

Recently, various weaning protocols have been introduced, claiming to
reduce both number of ventilator-dependent days and length of ICU stay
(Brock et al., 1998; Brochard, 1999). Ely et al.’s (2001) protocol specifies how
to regulate a spontaneous breathing trial. However, over-rigid use of protocols
may delay more proactive, and equally (or more) successful, weaning using
skilled clinical judgement (Blackwood et al., 2004; Krishnan et al., 2004).
Locally preferred weaning methods are more likely to succeed (Blackwood
et al., 2004).

Debate persists over what are the most reliable weaning criteria, but
frequently used ones include:

B underlying pathologies resolving

B appropriate ventilator settings (e.g. PEEP 5, FiO, < 0.5)

B measured respiratory function (e.g. blood gases, pH 7.3-7.45, PaO,:FiO,
ratio > 26; rapid shallow breathing index < 100)

B other respiratory assessments (e.g. CXR, auscultation)

B stability and function of other systems (especially cardiovascular)

B sedation score/status

B cherapeutic drugs — usually sedatives and inotropes are discontinued
before weaning; paralysing agents should always be discontinued before
weaning

B any other risk factors (e.g. bleeding).

There is no generally accepted ideal weaning mode. Widely used modes are

Assisted spontaneous breathing (ASB)

Pressure support (PS) (Brochard, 1999; Koksal et al., 2004)

T-piece (Brochard, 1999)

CPAP (Koksal et al., 2004)

Noninvasive ventilation (Dasgupta et al., 1999; Ferrer et al., 2003).

However well-planned, weaning may take longer than anticipated, especially
if patients have underlying chronic lung conditions. If initial short-term wean-
ing plans fail, slower weaning plans should be instigated. Occasionally
patients may need referral to centres specialising in long-term ventilation.
Where further aggressive intervention would be inappropriate, teams may
plan a ‘one way wean’. This may be part of terminal care or with hope of sur-
vival but recognising futility of reintubation, but raises ethical issues about cer-
tainty of prognosis and value of life. Ideally, patients would participate in
decision-making, but this is not always possible. Where expected outcome of
a one-way wean is rapid death, withdrawal of life-prolonging treatment
should not mean withdrawal of all treatment. Terminal care, however brief,
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should aim to provide patients with the best possible death that can
reasonably, and legally, be offered. However, what makes a ‘good death’ is
value-laden, so may vary greatly between patients — some patients might
choose to die fully sedated and analgesied, while others might choose
consciousness even at the cost of possible pain.

Noninvasive ventilation (NIV)

Negative pressure ventilation is noninvasive, but is seldom used in
acute care. There are two main types of noninvasive positive pressure
ventilation:

B continuous positive airway pressure (CPAP)
B bilevel (or ‘biphasic’) positive airway pressure.

Both options can be useful, but can also cause complications. Generally higher
pressures create more complications, so a rule of thumb is ‘start low and work
up’ according to individual patients’ needs.

CPAP is a self-ventilating form of PEEP. Stand-alone CPAP technology is
available and is used in many clinical areas; although stand-alone equipment
may be available in ICUs, CPAP is more often a self-ventilating option avail-
able on ventilators. CPAP stabilises and recruits alveoli, enables gas exchange
to continue between breaths and can resolve pulmonary oedema. On ventila-
tors it may be used for weaning usually shortly before extubation. CPAP is
often commenced at 5 cmH,0.

Bilevel positive airway pressure, often known after brand-name products
such as BiPAP®, is like two alternating CPAP circuits, the higher pressure
occurring during inspiration (Inspired Positive Airway Pressure — IPAP), and
the lower during expiration (Expired Positive Airway Pressure — EPAP). EPAP
provides all the benefits of PEEP/CPAP, while higher inspiratory pressures
increase tidal volume. Increased pressure during inspiration and decreased
resistance during expiration enables more carbon dioxide clearance making
bilevel ventilation a useful self-ventilating option with Type 2 respiratory fail-
ure. Increasing differences between IPAP and EPAP (sometimes this difference
is called ‘pressure support’) increases carbon dioxide clearance. Initial settings
are often 8 cmH,O (IPAP) and 4 cmH,O (EPAP).

Noninvasive ventilation may prevent the need for invasive ventilation,
avoiding need for sedation, reducing risks from ventilator associated pneumo-
nia and so reducing morbidity and mortality (Plant et al., 2001; Conti et al.,
2002). NIV may also provide a useful support when poor prognosis
contraindicates invasive ventilation.

NIV technology used in community and ward settings is relatively simple,
but more complex technology may be seen in some ICUs, allowing more of the
options and monitoring familiar from invasive ventilators.

For further discussion of NIV see Woodrow (2004b).
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B Most patients admitted to ICU suffer from respiratory failure, many needing
mechanical ventilation.

B Nurses have a central role in managing ventilation, so they need technical
knowledge of equipment to care safely and effectively for their patients.

B Any machine can be inaccurate or fail; nurses should check all alarms and

safety equipment at the start of each shift. Ventilator function should be

checked through recorded observations (at least hourly) and continuously

by visual observation and setting appropriate alarm parameters (often

within 10 per cent); remember alarms may also fail.

Check the patient — air entry, appearance.

Ventilators include default settings — know your machine and check these.

Positive pressure ventilation affects all body systems; function of other

systems should be continuously and holistically assessed.

Ventilated patients depend on nurses to provide fundamental aspects of

care (e.g. mouthcare).

All intubation/mask equipment can cause damage — ties/tapes can occlude

venous flow or cause direct trauma (e.g. tapes across open corneas); CPAP

or other close fitting masks and endotracheal cuffs can cause pressure sores.

In addition to maintaining safe technological environments, nurses should

provide psychological care through explanations and reassurance.

B Early weaning reduces morbidity, but premature weaning creates
complications. Ability to wean should be assessed. Weaning necessitates close
monitoring and observation, revising plans if patients appear unable to cope.

A=\

Summary

Breathing is vital to life. Patients rely on nurses and others to maintain safety.
When breathing is wholly or partly replaced by mechanical ventilation, main-
taining safety includes ensuring adequate ventilation.

Most ICU patients need ventilatory support. Many modes and options are
available, although not all modes discussed are available on all machines.
Choice should be adapted to individualised patient needs, which relies on
nurses to continually monitor and assess their patients. Nurses therefore need
a working knowledge of equipment on their unit and should be familiar with
local protocols.

Positive pressure ventilation compromises function of other body systems.
Nurses should assess complications from artificial ventilation, preventing risks
where possible, minimising risks that cannot be avoided and replacing lost
functions through fundamental care.

Further reading

Manuals/information on machines used on the unit should be read. Most
specialist texts include sections on ventilators and ventilation. Branson and
Campbell’s chapter (2001) provide an accessible overview. Pinhu (2004) reviews
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ventilator-associated lung injury. Cooper (2004) provides a useful nursing review
about optimising ventilation. www.routledge.com/textbooks/ 0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Mr Robert Hook is 32 years old with acute pancreatitis, bilateral pleu-
ral effusions, hypoxia, metabolic acidosis, tachypnoea and renal impair-
ment. He was admitted to ICU for mechanical ventilation following four
days of noninvasive ventilation and worsening respiratory function. He
is orally intubated, weighs 106 kg, has copious white secretions via ETT
and is draining thick sinus fluid into his oropharynx.

Ventilator settings Patient initiated variables
Mode SIMV - pressure cycled Respiratory rate 26 bpm
Respiratory rate 18 bpm

Airway pressure 22 cmH,0 Airway pressure 24 cmH,0O
PEEP 9 cmH,0O TV 710 to 750 ml

L:E ratio 1:2 MV 18 to 19.5 I/min

FiO, 0.6 SpO, 100%

Arterial blood gas result Other blood results Vital observations
pH 7.41 Hb 9.8 g/dl Temperature 39.6°C
PaO, 14.5 kPa WBC 15.5 X 10~%/litre ~ Heart Rate 118 bpm
PaCO, 6.69 kPa Platelets 132 X 10~%/litre BP 140/55 mmHg
HCOj3 27.6 mmol/litre CRP 83 mg/litre CVP 15 cmH,0

BE 4.5 mmol/litre Albumin 13 g/litre

Sa0, 97% Phosphate 1.23 mmol/litre

Magnesium 0.6 mmol/litre
Chloride 117 mmol/litre

Q.1 With this mode of ventilation, list other parameters which may be
set and specify alarm limits. What other observations should be
documented?

Q.2 Interpret Robert’s results and suggest changes to the ventilator set-
tings. Identify potential complications of mechanical ventilation
and strategies to minimise these for Robert.

Q.3 Assess Robert’s readiness to wean using evidence based criteria,
estimate PaO,/FiO, ratio and Rapid Shallow Breathing Index
(RSBi = f/Vy). Devise a weaning plan for Robert including modes,
parameters and indicators of success.
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Ventilatory support usually necessitates endotracheal tubes (ETTs) or
tracheostomy. ICU nurses therefore are responsible for ensuring patency of,
and minimising complications from, artificial airways. This chapter describes
types of tubes usually used in the ICU, main complications of intubation and
controversies surrounding endotracheal suction.

Physiological airways

B warm
B  moisten
W filter

inspired air. Bypassing part of physiological airways necessitates replacing lost
functions, as well as minimising complications. Airway management has been
much-studied, resulting in many changes to technology and practice. Older lit-
erature therefore often has limited value for current care. But evidence is often
limited or questionable for many aspects making recommendations necessarily
tentative.

Traditionally intubation could be

B oral
B nasal
B tracheostomy.

Oral tubes cause gagging, but are easier to insert. ETTs are rigid, limiting
lumen size and increasing airway resistance (especially nasal tubes).

Nasal tubes are narrow, increasing airway resistance, so are rarely used
unless oral intubation is contraindicated (e.g. dental or head/neck surgery).

Nurses assisting with intubation may be asked to apply cricoid pressure.
Cricoid cartilage (just below the ‘Adam’s Apple’) is the only complete ring of
cartilage in the trachea, so cricoid pressure (pressing cricoid cartilage down
with three fingers towards the patient’s head) compresses the pharynx against
cervical vertebra, preventing gastric reflux and aspiration. Pressure is main-
tained until the endotracheal tube cuff is inflated.

To ventilate both lung, ETTs should end above the carina (see Figure 5.1);
this should be checked by

B X-rays
B auscultating for air entry
B ensuring chest movement is bilateral.

If available, capnography is reliable and immediately and continuously avail-
able. Accidental single bronchus intubation usually occurs in the right main
bronchus, which is more vertical to the trachea than the left main bronchus.
Misplaced tubes should be repositioned by anaesthetists and reassessed.
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Tip of tube
2.3 cm above carina

L. main bronchus
(NB. Sharper angle
than R.)

Carina
R. main bronchus

M Figure 5.1 ETT just above carina

Endotracheal tubes are manufactured in a single (long) length, so almost
invariably require cutting to minimise ventilatory deadspace, usually to 21cm
(female) and 23 cm (male).

Childrens’ airways differ from adults (see Chapter 13) so to prevent exces-
sive pressure on tracheal tissue, uncuffed endotracheal tubes should be used
with children under 8 years old (Bennett, 1999).

Tracheostomy

Tracheostomy avoids many complications of oral and nasal intubation and
reduces deadspace by up to half, so where artificial ventilation is likely to be
prolonged, causing respiratory muscle weakness and delayed weaning, endo-
tracheal tubes are usually replaced by tracheostomies within 7-14 days
(Bodenham & Barry, 2001), or earlier if indicated.

Tracheostomies are usually formed percutaneously rather than surgically
(Walz et al., 1998; Freeman et al., 2000). Percutaenous insertion is quicker,
simpler, reduces risks of infection and haemorrhage and leaves a smaller scar
(Walz et al., 1998). However, surgical tracheostomies may be created if per-
cutaenous approaches are contraindicated; Astle (2003) lists many contraindi-
cations, including ARDS, coagulopathy, cervical injury preventing extension
of the neck, enlarged thyroid gland, neck tumour, neck oedema, significant
burns to the head or neck and active infection at the tracheostomy site.
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Percutaneous stomas take 7-10 days to mature (Bodenham & Barry, 2001;
Broomhead, 2002), so if replaced before this time the stoma may occlude more
rapidly than surgical stomas. With early displacement of either surgical or
percutaenous tubes it is safer to reintubate (Broomhead, 2002).

Emergency bedside equipment should include:

B tracheal dilators

B spare tubes — one the same size and one the size smaller
B suction

B syringe.

Tracheostomies are seldom stitched into skin, but if they are, a stitch cutter is
also needed. Nurses caring for patients with a tracheostomy should check this
emergency equipment that is easily accessible at the start of their shift.

Frequency of tracheostomy dressing depends on both the wound and the type
of dressing used. If the stoma looks infected, it should be redressed. Otherwise,
some tracheostomy dressings are designed to be replaced daily, others are
designed to remain in place considerably longer (some up to one week).

Because tracheostomies reduce deadspace, decannulation significantly
increases work of breathing, by 30 per cent (Chadda ef al., 2002). Weaning
from a tracheostomy should therefore be a carefully planned and staged
process to minimise need for recannulation:

B remove or minimise CPAP and pressure support (CPAP no more than
5cmH,0)

B initially use a T-piece rather than tracheal mask; T-pieces provides some
PEEP and a reservoir of oxygen-rich gas.

Minitracheostomies (crichothyroidotomy), initially developed to facilitate
removal of secretions, can also be used for high frequency, but not conven-
tional, ventilators. Noninvasive positive pressure ventilation may avoid neces-
sity for intubation.

Intubation is often a necessary medical solution that creates various nursing
problems.

Coughing is a protective mechanism, removing foreign bodies, including
respiratory pathogens, from the airway. This reflex can also be triggered by
oral endotracheal tubes and suction catheters, causing distress, possibly neces-
sitating sedation.

Artificial airways can damage tissue, especially lips, gums, damage cilia and
mucus-producing goblet cells (nonspecific immunity). Condition of lips and
gums should be assessed and tissues protected as necessary — various commer-
cial products can cushion pressure from tapes on lips. Tube position on the
lips/gums should be changed at least daily.
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Low-volume High-volume
high-pressure high-pressure

M Figure 5.2 High and low pressure ETT cuffs

If cuff pressure exceeds capillary occlusion pressure, tracheal tissue will not
be perfused, causing tracheal ulcers. ‘High volume low pressure’ ‘profile’ cuffs
(see Figure 5.2) reduce cuff pressure by exerting lower pressure over an
extended area. Unlike pressure sores on skin, tracheal epithelium is not
directly visible. Average capillary occlusion pressure is about 30 mmHg, but
can be lower (see Chapter 12), especially in hypotensive ICU patients.
Cuff pressures should be checked at least once each shift and whenever cuff
volume is changed. Most cuff pressure manometers display ‘safe’ ranges of
20-25 mmHg.

Impaired cough and swallowing reflexes may cause aspiration of saliva and
gastric secretions. Profile cuffs rarely completely seal lower airways, making
some aspiration almost inevitable. Risks of aspiration pneumonia can be
reduced by nursing patients at 45° (Drakulovic ef al., 1999).

Oral ETTs cause hypersalivation and impair swallowing reflexes (see
Chapter 10), with drying of mucosa near the lips and saliva accumulation (and
potential aspiration) in the throat. ‘Bubbling’ sounds during inspiratory phases
of ventilation indicates need to remove secretions and check cuff pressure.
Nasal intubation and tracheostomy prevent hypersalivation, but tracheal
secretions may still accumulate.

Tubes bypass and damage nonspecific immune defences (e.g. cilia).
Immunocompromise, together with impaired cough reflex, predisposes
patients to infection. Endotracheal intubation displaces the isothermic satura-
tion boundary further down the trachea, further impairing mucociliary clear-
ance (Ward & Park, 2000).

Sympathetic nervous stimulation from intubation and suction initiates
stress responses (see Chapter 1). Direct vagal nerve stimulation (anatomically
close to the trachea) can cause bradycardic dysrhythmias and blocks,
especially during intubation.

Oral ETTs cause discomfort and anxiety; nasal tubes and tracheostomies
are usually tolerated better. Patients’ inability to speak due to intubation
through their vocal cords should be explained.
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Humidification

The upper airway

B warms
B  moistens
B filters

inspired air (see Figure 5.3). Endotracheal intubation bypasses these normal
physiological mechanisms, necessitating artificial replacement. Oxygen is a
dry gas, so inadequate humidification dehydrates exposed membranes (below
the endotracheal tube), damaging cilia and drying mucus. Stickier, thicker
mucus and impaired cilial clearance reduces airflow and increases infection
risks.

During inspiration, airways warmed air to body temperature. This is nor-
mally reached by the carina, sometimes called the ‘isothermic saturation
boundary’. Warm air transports more water vapour than cold air, so fully sat-
urated room air/gas (100 per cent relative humidity) will not be fully saturated
once warmed to body temperature. Ideally, tracheal gas temperature should be
32-36°C.

Humidification may be achieved by

heat moisture exchange (HME) filters
cold water humidifiers
hot water humidifiers
nebulisers (e.g. saline).

Heat moisture exchangers (HMEs) use hydrophobic membranes to repel
airway moisture, and are very efficient bacterial filters (95-100 per cent effi-
cacy (Lawes, 2003)), and reflect heat. Nakagawa et al. (2000) suggest that

Frontal sinus

Conchae:
Superior
Middle
Inferior

Sphenoid sinus
'/ Postnasal space

Hard palate

M Figure 5.3 Nasal cavity
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HMEs and water bath humidifiers have similar effects on mucus transport,
although temperature of the water they used was only 32.6°C, and they did
not address concerns about infection.

Heat moisture exchangers increase deadspace and resistance (Hilbert,
2003), although efficacy varies, increases often being insignificant for adults
(Lawes, 2003). HMEs are usually best avoided in children (Ward & Park,
2000) and patients with COPD (Girault et al., 2003). HMEs have improved
since many early (1980s) studies (Lawes, 2003), so early literature now has
limited value.

HME:s present the lowest infection risk. They should be changed daily (or
more frequently if soiled).

Hot water humidifiers warm inspired air to preset temperatures, usually
37°C. Most systems are auto-filling, avoiding the need to break circuits. Like
HMEs, significant technological improvements invalidate many early studies.
Nurses should monitor and record humidifier temperature, keep fluid bags
easily visible and replace them when empty. Circuits should be changed
according to manufacturers’ instructions.

Cold water humidifiers provide less efficient humidification, but fewer risks
from infection and tracheal burns. Water bottles should be replaced when
empty and circuits changed according to manufacturers’ instructions.

Nebulisation delivers particles initially into airways, so where drugs effects
are desired primarily within airways, such as bronchodilation (e.g. salbuta-
mol) or pulmonary vasodilators (prostacyclin), nebulisation is often the best
route, although it may create the paradox that drugs mainly reach open parts
of lungs, whereas effect may be needed most in collapsed airways. This makes
nebulisation a poor choice for antibiotics. Nebulising saline (2-5 ml) delivers
droplets directly to airway epithelium.

Different types of nebulisers create different sized droplets. Droplets of
5 microns will be deposited in the trachea, whereas droplets of 2—-5 microns
will reach the bronchi. Droplets <2 microns reach alveoli. Most nebulisers
deliver 2-5 micron droplets, but some (e.g. ultrasonic) deliver smaller droplets.

Nebulisers should ideally be placed near the patient, just before the Y con-
nection, with no HME between the nebuliser and the ETT. Some ventilators
include nebuliser circuits, but if using oxygen/air flow meters, 6-8 litre flow is
needed to generate effective droplets. HMEs should be placed on return cir-
cuits to protect ventilators. Nebulisers should be cleaned or replaced after use,
as static fluid is a medium for bacterial growth. Nebulisers should be cleaned
in sterile (not tap) water and left to air-dry.

Endotracheal suction is usually necessary to remove accumulated secretions,
but can cause

W distress
B infection
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M trauma
B  hypoxia
B atelectasis

so should be performed when needed, not routinely (Ashurst, 1997).
Indications include:

rattling/bubbling on auscultation
sudden increases in airway pressure
audible ‘bubbling’

sudden hypoxia (e.g. in SpO,).

Suction is uncomfortable — Sawyer (1997) describes experiencing a ‘sink
plunger technique’. Nurses should warn patients before suction, passing tubes
steadily, but not aggressively.

Closed circuit suction (see later) reduces infection risk, but can still trans-
port bacteria down the upper airway.

Negative (suction) pressure damages delicate tracheal epithelium (Maggiore
et al., 2003), causing possible

B  haemorrhage
B oedema

B stenosis

B  metaplasia.

Negative pressure should be sufficient to clear secretions, but low enough to
minimise trauma. Suction pressures, usually measured in kilopascals (kPa) but
sometime in millimetres of mercury (mmHg), should be displayed on equip-
ment. Many ICU nurses limit negative pressure to 20 kPA, although Ashurst
(1997) recommends 16 kPa (120 mmHg).

Suction removes oxygen from airways and can cause atelectasis. Suction
should therefore be as brief as possible (maximum 10 seconds). Nurses are
recommended to hold their own breath during each pass: when they need
oxygen, so will their patient.

Hypoxia from bronchoconstriction (sympathetic stress response) usually
follows endotracheal suction. Although closed-circuit suction enables ventila-
tion to continue during insertion, suctioning itself prevents alveolar ventila-
tion, causing possible desaturation, especially when patients are dependant on
high levels of oxygen. Although Wood’s review (1998) found no proven
benefit to routine preoxygenation, evidence is sparse, and failure to preoxy-
genate is probably more dangerous than routine preoxygenation, so preoxy-
genating all patients (100 per cent oxygen for 3-5 minutes) is recommended.
Most ventilators include time-limited control for delivery of 100 per cent
oxygen, preventing inadvertent delivery of toxic levels continuing after stabil-
isation. If FiO, is increased manually, it should be returned to baseline levels
once PaO, is restored.



AIRWAY MANAGEMENT

Care, and problems, should be fully recorded, to help later staff decide how
and when to suction.

Oral secretions are often best removed with Yankauer catheters (Dean, 1997).
Closed-circuit suction is almost always used with intubated ICU patients,
‘open’ suction largely being limited to self-ventilating patients who have a tra-
cheostomy but whose cough reflex is too weak to effectively clear secretions.
Open suction is discussed further in Moore (2004). Closed circuit systems
maintain ventilation and PEEP when passing catheters, enabling slower (less
traumatic) catheter introduction. In-line circuits should be changed according
to manufacturers’ instructions.

Closed circuit systems are manufactured in various sizes. Smaller catheters
cause less trauma, but remove fewer secretions. For adults, standard catheter
sizes are French Gague (FG) 10, 12 and sometimes FG 14. Removing very
tenacious secretions with small catheters (below FG 12) can be difficult, but
watery secretions can usually be removed effectively with FG 10. FG 14
catheters are very traumatic, and no larger sizes should be stoked. Smaller
sizes will be needed for children. Many texts (usually anecdotally) recommend
catheters should not exceed half to two-thirds ETT diameter; Odell et al.
(1993) recommend:

catheter size = (endotracheal tube size — 2) X 2

for ETTs above 6 Ch size.

Instilling bolus saline into ETTs causes many problems, including

dislodging bacteria (Hagler and Travers, 1994)

hypoxia (Ackerman, 1993)

not reaching distal bronchi (Hanley et al., 1978)

most of the saline remaining not being recovered (Hanley et al., 1978).

Saline bolus may stimulate a cough reflex, but so should passing a catheter. Yet
Schreuder and Jones’ (2004) eight patient study advocates instilling saline to
increase sputum clearance. Secretions may be mobilised through

B physiotherapy
B humidification

B nebulised saline.

Substantial research evidence is needed before saline instillation can be
recommended (Blackwood, 1999).
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Hyperinflation

Muscle recoil following hyperinflation mimics the cough reflex (Sivasothy
et al., 2001). However, it also

B raises intrathoracic pressure

B reduces cardiac return

B causes (mechanical) vagal stimulation (resulting in bradycardia)
B causes barotraumas.

Hyperinflation can be achieved with manual (‘rebreathe’) bags, but is usually
best controlled through ventilators (e.g. manual sigh), where tidal volume and
pressure can be accurately monitored. Hyperinflation has largely been aban-
doned, as barotraumas can provoke ARDS.

Extubation stridor

Laryngeal oedema often causes hoarseness following extubation, making
patients temporarily hoarse or speechless on extubation. Children, having
smaller airways, are especially liable to oedematous obstruction. Jaber et al.
(2003) found than extubation stridor, an asthma-like wheeze, occured in more
than one tenth of their ICU patients, although this incidence seems exceptionally
high. Stridor may be treated with

B nebulised adrenaline (1 mg in 5 ml saline)
B dexamethasone
B Heliox (see Chapter 18).

If stridor cannot be rapidly reversed, reintubation is usually necessary.

B Nourses assisting with intubation may have to perform crichoid pressure,
so should be familiar with how to perform it.

B ETT cuff pressures should be checked each shift, and whenever any change
in pressure is suspected. Pressures should not exceed 25 mmHg (3.3 kPa).

B Unless other positions are specifically indicated, patients should be nursed
semi-recumbent.

B Airway humidification is essential to maintain effective mucociliary

clearance.

Suction should never be ‘routine’, but performed when indicated.

Negative pressure should not exceed 20 kPa.

Bolus saline should not be instilled into airways. Secretions may be

mobilised through physiotherapy, water humidification systems (prefer-

ably heated) and nebulised saline.

B Hyperinflation and preoxygenation are more safely performed through
ventilators.
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Summary

Intubation remains a medical intervention, but nurses monitor and manage
artificial airways, so they should also

maintain safe environments, including ensuring safety equipment

replace lost/impaired physiological functions, including humidification
and clearing secretions

individually assess each patient for risk factors caused by intubation and
plan individualised care accordingly. No aspect of airway management is
routine.

Tracheostomy care is discussed in greater detail in Woodrow (2004c).

Bodenham and Barry (2001) review tracheostomies, while Lawes et al. (2003)
identifies problems with HMEs. Drakulovic et al. (1999) provide convincing
evidence for semi-recumbent positioning. Blackwood (1999) highlights
problems from instilling saline. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the

support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Tony Richards is 45 years old, very hirsute with a thick bushy beard and
weighs 160 kg. He was admitted to the ICU following elective surgery for
closer airway management. He was a difficult intubation (Grade 3) and
mechanically ventilated via a size 9 ETT, with length 21 cm marking at
his lips and cuff pressures of 35cmH,O. Tony is ready for extubation
and biting on his ETT.

Q.1 List the equipment and process used to prepare Tony for extuba-

tion. Identify the most suitable type of respiratory support for
Tony. Provide a rationale for your suggestion.

15 minutes after extubation Tony develops an audible stridor with inter-
mittent gurgling noises from his throat. His respiratory rate changes
from 18 to 28 bpm.

Q.2 Analyse possible causes of Tony’s added airway sounds and

changed respiratory rate. Interpret the significance of these results
and implications on his airway management.
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On expectoration, Tony’s sputum is thick with brown discolouration. He
has a weak cough with high risk of sputum retention.

Q.3 Review the range of methods used to mobilise and clear sputum

from both lower and upper airways. Select the most suitable
approach for Tony.
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Fundamental knowledge

Psychological distress in the ICU (see Chapter 3)
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Critical illness, many interventions used in intensive care and the intensive care
environment itself can all cause distress and psychoses (see Chapter 3). There
are sound humanitarian reasons for sedating many patients in ICU, especially
as many sedative drugs induce amnesia.

But sedation also deprives the individual of their autonomy, and to some
extent their current awareness of being alive. Sedative drugs therefore create
ethical dilemmas. Increasingly, sedative drugs have been viewed as ‘chemical
restraint’ (Bray et al., 2004), an intervention only justified when there is a
specific indication, and within the limits of that indication.

Adverse effects vary between sedatives, but problems include:

hypotension

reduced gut motility (malabsorption, constipation), especially opioids
prevention of REM sleep

amnesia

delirium (Pandharipande et al., 2004).

Although drugs are mentioned, this chapter focuses on nursing assessment
and care, including for neuromuscular blockade (paralysing agents).

Shehabi and Innes (2002) identify five groups of sedative agents:

benzodiazepines
opioids
anaesthetics
alpha 2 agonists
antipsychotics.

Benzodiazepines (e.g. diazepam, lorazepam, midazolam)

Gamma-aminobutyric acid (GABA) is the main cerebral cortex inhibitory
neurotransmitter, hence GABA stimulation (by benzodiazepines) induces seda-
tion, anxiolysis and hypnosis (Eddleston et al., 1997). Prolonged benzodi-
azepine use causes receptor growth and down-regulation (tolerance),
necessitating higher doses (Eddleston et al., 1997).

Midazolam has largely superseded other benzodiazepines in the ICU
because it acts relatively rapidly and has the shortest half-life. Midazolam is
largely hepatically metabolised and renally excreted, so failure of these organs
may unpredictably increase half-life, especially with older people who usually
have reduced renal clearance. Some ICU patients take one week to wake after
prolonged use of midazolam (Shehabi & Innes, 2002). Concurrent use of opi-
oids and midazolam substantially reduces dose requirements of both drugs
(Shehabi & Innes, 2002).
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The antagonist for benzodiazepines is flumazenil. Flumazenil’s effect is far
shorter than benzodiazepines (half-life under one hour) so although useful to
assess underlying consciousness, resumption of sedation necessitates caution if
changing any treatments (e.g. extubation).

Opioids (e.g. morphine, fentanyl, remifentanil,
alfentanil, sufentanil)

Opioids have sedative effects. Normally considered a ‘side effect’, for ICU
management this combination of strong analgesia and sedation makes opioids
useful. Preferred opioids vary between units. Morphine remains widely used,
but the more expensive fentanils cause less accumulation and fewer side-
effects. Opioids are discussed in Chapter 7.

Anaesthetic agents (e.g. propofol, ketamine)

Propofol is the most widely used ICU sedative (Murdoch & Cohen, 2000). Its
lipid emulsion easily crosses the blood-brain barrier, giving rapid sedation.
This, together with its metabolites being inactive, makes its half-life short.
Propofol reduces cerebral metabolism, so may be useful for treating epilepsy.
It is relatively expensive, so some units restrict use to when sedation is planned
to one day. Currently, licensed use of propofol is limited to 72 hours. Using
any drug or equipment beyond manufacturers’ licence places onus of legal lia-
bility on users (see Chapter 48). Propofol is available in both 1 and 2 per cent
concentrations, so labels should be checked especially carefully.
Propofol can cause

B profound hypotension

B prolonged clotting (Fourcade et al., 2004)

B hypertriglyceridaemia, delaying return of cerebral function if used
>72 hours (Eddleston et al., 1997)

B ‘creaming’, accumulation of emulsifying fat in lungs and serum (Spencer
& Willats, 1997), is visible with blood samples, can affect analyses
(e.g. blood gases) and damage analysers

B  immunocompromise from inhibition of phagocytosis (Krumholz ez al.,
1995)

B greenish urine which, although probably clinically insignificant, may
make relatives anxious.

It contains no preservative, but its lipid base may facilitate bacterial growth.
Propofol has no analgesic effect, so concurrent analgesia should be given.

Alpha 2 agonists (e.g. clonidine)

Although not widely used, some centrally acting alpha 2 antagonists are
sometimes used for sedation.
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Antipsychotics (e.g. haloperidol)

Many ICU patients experience delirium and acute psychoses (see Chapter 3).
Antipsychotics are sometimes used to relieve these problems.

Shorter-acting sedatives are often infused continuously. However, many units
use morphine and midazolam for prolonged sedation. Continuous infusions of
these drugs can accumulate, delaying weaning and recovery, so bolus sedation
may be more effective, given when accumulated effects start to fade. Bolus
morphine can also control sudden pain, or anticipated pain from procedures,
in self-ventilating patients. Bolus doses of morphine and midazolam are often
1-2 mg, with effect being assessed, and further increments usually given, if
necessary, at 5-10 minute intervals. Most infusion pumps can deliver fixed
boluses (often called ‘piggyback’).

Assessing sedation

Over- and under-sedation are relative concepts. Over-sedation delays weaning
and recovery, compromises perfusion to, and so function of, all organs and
increases financial costs. Under-sedation exposes patients to pain and stress.
Achieving optimum sedation is a humanitarian necessity; professional auton-
omy and accountability makes each nurse responsible for ensuring that their
patients are appropriately (i.e. not over- or under-) sedated. Assessing sedation
enables nurses to effectively titrate drugs to ensure optimal sedation.

Gently brushing tips of eyelashes can usefully identify if someone is sedated
deeply enough to tolerate traumatic interventions (e.g. intubation). Many
sedation scales and other means of assessment have been developed, but many
are unsatisfactory for clinical use (De Jonghe ef al., 2000). A recent thorough,
but complex, addition is the Minnesota Sedation Assessment Tool (Weinert &
McFarland, 2004). Many scales are lists — relatively simple, but potentially
subjective, and usually variants of the Ramsay scale. Reliable assessment
necessitates familiarity and confidence with whatever is used, so limiting num-
ber of tools used on one unit promotes reliable assessment. Some scales neces-
sitate inflicting pain, so for regular assessment, observation-orientated tools
may be more appropriate. Some scales are known both by their developer’s
names and the place where they were developed.

Paralysis, whether from paralysing agents or pathology, prevents patients
expressing awareness, invalidating almost all means of assessing sedation.
Hence infusions of any paralysing agents should be stopped long enough
before sedation assessment to ensure they will not influence results.

Ramsay (Table 6.1)

Originally designed for drug research, this is the oldest of the scale discussed
here. It is also the most widely used (Murdoch & Cohen, 2000). It offers a
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Table 6.1 Ramsay
Ramsay et al. (1974)

Awake levels:

1 patient anxious and agitated or resfless or both
2 patient cooperative, orientated and tranquil

3 patient responds to command only

Asleep levels:

4 brisk response

5 sluggish response
6 no response

Source: Ramsay et al., 1974

simple choice between six descriptions. Variants of Ramsay include Cohen and
Kelly (1987), the Bloomsbury (Armstrong et al., 1992), University College
Hospital (Singer & Webb, 1997), Brussels (Detriche et al., 1999) and Riker
(Riker et al., 2001) scales.

Addenbrookes/Cambridge (O’Sullivan &
Park, 1990; Table 6.2)

Although derived from Ramsay, unlike most scales above, this was developed
for clinical practice and from substantial clinical experience. O’Sullivan and
Park (1990) recommend scoring sedation every hour. Their scale generally
facilities scoring from nursing care, although hourly suction cannot be
supported just to assess sedation.

Table 6.2 Addenbrookes

agitated

awake

roused by voice

roused by fracheal suction
paralysed

asleep

Source: O’Sullivan & Park, 1990

Newcastle (Cook & Palma, 1989; Table 6.3)

Adapted from the Glasgow Coma Scale, this was developed to evaluate propofol
(Olleveant et al., 1998), although descriptors are applicable for any sedated
patient. Being based on a tried and trusted neurological assessment tool, it has
proved reliable. The scoring system is more complex than Ramsay-like scales,
which can make it time-consuming, but also more comprehensive.
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Table 6.3 Newcastle scale

eyes open spontaneously 4

to speech 3

fo pain 2

none 1
responds fo obeys commands 4
nursing purposeful movement 3
procedure non-purposeful movement 2

none 1
cough spontaneously strong 4

spontaneously weak 3

on suction only 2

none 1
respirations exiubated 5

spontaneous intubated 4

SIMV triggering respiration 3

respiration against ventilator 2

no respiratory effort 1
loading for spontaneous communication 12

awake 17-19

asleep 15-17

light sedafion 12-14

moderate sedation 8-11

deep sedation 5-7

anaesthetized 4

Source: Cook & Palma, 1989

New Sheffield (Laing, 1992; Table 6.4)

This Ramsay adaptation was developed for ICU nursing practice. However
Ramsay’s subjectivity is replaced by descriptions of each level, enabling greater
objectivity (descriptions are omitted from Table 6.4). Olleveant et al.’s (1998)
evaluation resulted in minor modifications, the Modified New Sheffield. They
claim this modification is more reliable, although potential researcher bias
necessitates further objective measurement to support their claim.

Table 6.4 New Sheffield
New Sheffield (laing, 1992)

awake
agitation
optimal level (i)
optimal level |ii)
sluggish level
flat level

O wN —

Source: Laing, 1992
The scale includes a description of each level (see Laing, 1992)
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Bispectral index

Bispectral Index (BIS) uses a forehead sensor for adapted EEG monitoring,
deriving a numerical level of sedation between 1-100:

Awake patients 90-100
Conscious sedation (responds to noxious stimuli) 60-80
General anaesthesia 50-60
Deep hypnotic state <40
Very deep sedation <20
Absence of any brain activity 0

Although many ICU patients will be managed in the 60-80 range, <60 is
usually desirable if patients are paralysed. Reliability has been debated, but
Deogaonkar et al.’s study (2004) suggests that current technology is reason-
ably reliable.

Other similar adaptations of ECG, less widely used than bispectral index,
include evoked potentials, cerebral function monitors (CFM) and cerebral
function analysing monitors (CFAM).

Stopping sedation daily, usually in the morning before ward rounds, enables
thorough assessment of

B neurological state
B effectiveness of and need for sedation and analgesia
B readiness to wean.

Sedation holds reduce ventilator time, and so enables earlier discharge
(Kress et al., 2000; Schweickert et al., 2004). Sedation holds should be
carefully planned to ensure adequate comfort for procedures such as X-rays,
physiotherapy and line insertion, and be long enough for effects of sedatives
previously given to fade. Time of sedation holds and observed effects should
be recorded.

Sedations holds are usually excluded with

B head injury

B paralysis (from drugs or disease)

B patients in prone positions or on kinetic beds

B patients awaiting procedures, such as CT scans or tracheostomy insertion.

Nevromuscular blockade

Improvements in ventilator technology have largely removed the need to
prevent patients making respiratory effort. Neuromuscular blockade (chemical
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paralysis) is usually only used if there is a specific indication to prevent muscle
work, such as hyperpyrexia (see Chapter 8).

Paralysing agents cannot cross the blood-brain barrier, hence have no seda-
tive or analgesic effects. Paralysed patients cannot alert staff if they are inade-
quately sedated, making it the most hazardous form of chemical restraint
(Bray et al., 2004). Some studies have found up to two-fifths of patients who
remembered being paralysed (Arbour, 2000), although Sandin et al. (2000)
found that only 0.18 per cent of patients chemically paralysed during surgery
remained aware of what was happening. Paralysing agents should not be used
until patients are adequately sedated (Arbour, 2000).

Blocking release of acetylcholine (a neurotransmitter) at the neuromuscular
junction causes skeletal (but not smooth) muscle relaxation. Paralysing agents
may be classified as

B depolarising
B non-depolarising

Depolarising drugs act on motor endplate, whereas non-depolarising drugs
act on the post-synaptic endplate. Whichever site is affected, acetylcholine
transmission is blocked, causing muscle paralysis. Suxemethonium is a depo-
larising muscle relaxant; most other paralysing agents used in ICU are
non-depolarising.

Most paralysing agents are metabolised hepatically or excreted unchanged
in urine, giving them a relatively long duration of effect. Atracurium and
suxamethonium hydrolyse spontaneously in plasma, hence are relatively
short-acting (Rang et al., 1999). Atracurium is the most widely used
paralysing agent in ICU (Murdoch & Cohen, 2000). Effect is prolonged with
acidaemia (Rang et al., 1999), hence the cited 15-35 minute duration of action
may be considerably extended in many ICU patients. Pancuronium is less likely
to cause hypotension, so may be chosen where cardiovascular instability is
especially problematic.

Paralysing agents should be stopped to assess sedation, but removing
paralysis may cause undesirable physiological effects, hence, like sedatives,
paralysing agents should be stopped for no longer than is pharmacologically
necessary.

Effectiveness of neuromuscular blockade should be assessed. The extrinsic
eye muscle is the first muscle affected by paralysing agents, and the first
to recover (Rang er al., 1999), so brushing the eyelid indicates effective-
ness. Extrinsic eye muscle paralysis may cause double vision and contribute
to sensory imbalance. Paralysis is usually tested by absence of reflexes,
such as peripheral electrical nerve stimulation. A relatively low (non-painful)
voltage is usually sufficient to stimulate nerve reflexes. Users can benefit
by trying out such tests on themselves so they know what they are inflict-
ing on their patients. The ulnar nerve is the most frequently used site
(Arbour, 2000) and should cause thumb adduction, although no evidence
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exists to justify any site as being best (Rowlee, 1999). Arbour (2000) describes
the ‘train of four’:

4 twitches = neuromuscular blockade occupies <75 per cent of
receptors

3 twitches = 75 per cent blockade

2 twitches = 75-80 per cent blockade

1 twitches = 90 per cent blockade

0 twitches = 100 per cent blockade.

BIS monitoring provides continuous monitoring of paralysis (Arbour, 2000),
without inflicting potentially painful electric shocks.

Undersedation and oversedation cause complications, hence sufficient
sedation should be provided to achieve comfort.

Nurses should assess efficacy of sedative and paralysing agents for their
patients at least once every shift.

Because there is no ideal sedation score, units should select one means, so
that all staff are competent to use and understand it.

Daily sedation holds enable thorough reassessment.

Sedation needs of each patient should be individually reviewed daily by
the multidisciplinary team to meet each patient’s need, evaluating

® humanitarian needs
@ therapeutic benefits
® side effects (e.g. hypotension).

For brief procedures (e.g. intubation), absence of blink reflexes confirms
patients are adequately sedated.

Paralysing agents should be stopped for sufficient time prior to assessing
sedation.

Nerve stimulators are potentially painful/uncomfortable, so if used, nurses
should try tests on themselves (where safe to do so) so that they are aware
of what they are subjecting their patients to.

Summary

Critical illness often causes sedation. How far, if at all, this should be
compounded by chemical sedation is a question of balancing benefits
and burdens. These issues cutting across professional boundaries, plans for
sedation should be agreed by nurses and doctors, using advice from
pharmacists.
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Sedation can relieve much psychological trauma caused by ICU admission,
potentially providing physiological as well as humanitarian benefits. However,
hypotension and other side effects can cause problems, while deep coma
inhibits orientation and compliance with requests, removes patient autonomy
and may contribute to post-traumatic stress disorder.

Although chemical sedatives are prescribed by doctors, they are (normally)
given by nurses; so the professional accountability of each nurse ensures that
patients receive adequate (but not excessive) sedation.

Use of paralysing agents has declined; where used, there are usually specific
therapeutic indications. Therefore nurses should monitor and assess their effects.

Further reading

The BACCN guidelines on restraint, including chemical restraint (Bray et al.,
2004) should be essential reading for all nurses working in intensive care.
Much literature is medical rather than nursing, such as Murdoch and Cohen’s
(2000) telephone survey of national practice and Kess et al.’s (2000) influen-
tial work on sedation holds. Arbour (2000) offers nursing perspectives on
paralysing agents. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Peter Renton is a 30-year-old builder who was admitted to ICU 10 days
ago with crush injuries from an industrial accident. He has multiple lung
contusions, difficult to ventilate and his clinical observations and bio-
chemical results suggest that he is developing acute renal failure and
sepsis. In order to facilitate ventilation and other interventions, Peter has
been sedated with intravenous infusions of

Midazolam 10 mg/hour for 10 days
Alfentanil 5 mg/hour for 10 days
Propofol 250 mg/hour for 7 days

In addition Peter received intravenous vecuronium at 10 mg/hour for
8 days, which was changed to bolus administration of pancuronium on
Day 8.

Q.1 Calculate the total amount of sedation given to Peter in relation to
the recommended dosage, drug metabolism and elimination
(pharmokinetics). Evaluate possible long-term complications and
outline some nursing strategies which can minimise these.
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Q.2

Q.3

Review the appropriateness of sedation hold with Peter. Plan how
this is best managed, for example, time of day, reduction in infu-
sion rates, order in which to stop infusions, which infusions should
continue, assessment of sedation level, goals of sedation.

Consider the actions (pharmodynamics) of vecuronium and
pancuronium and provide the rationale for changing paralysing
agents on Peter’s eighth day.
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Fundamental knowledge

Anatomy and physiology of the nervous system, including
sympathetic and parasympathetic, central and peripheral,
motor, sensory

Spinal nerves — position of thoracic and lumbar nerves

Stress response (see Chapter 1)

Pain as a physical and psychological phenomenon

Local protocols/policies for epidural and PCA management
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Introduction

Pain is undesirable, a physical and psychological phenomenon that can cause
physiological as well as psychological complications. Physiological problems
caused by pain include

B stress responses (see Chapter 1)

B reluctance to breathe deeply (if self-ventilating), contributing to atelectasis
and respiratory failure

B immunosuppression (Cheever, 1999).

Alleviating and relieving pain is fundamental to nursing care. Nurses therefore
should understand

B physiological and psychological processes of pain
B how to assess pain
B how to control pain.

Nurses should be familiar with indications, contraindications, usual doses,
preparation, benefits and adverse effects of drugs they use. Much literature on
pain management focuses on pharmacology, and specific information can be
found in manufacturer’s Summary of Product Characteristics (SPC) and
pharmacopoeias (e.g. British National Formulary), both of which should be
available in all clinical areas. This chapter discusses some drugs, but focuses
mainly on mechanisms and assessment of pain.

Causes of acute pain may be obvious (e.g. surgery), but patients may also
suffer pre-existing chronic pain (e.g. arthritis). Chronic pain is usually less
amenable to analgesia, and drugs that do work often create complications,
such as immunosupression. Many interventions can cause pain, including

suction (the most commonly reported cause of pain in intubated patients)
line insertion

drain removal

repositioning

physiotherapy.

Individual nursing assessment may identify ways to minimise discomfort,
information which should be shared with colleagues (verbally, nursing
records).

Many ICU patients are unable to perform even fundamental activities of
living, so managing pain should include comfort measures, such as

smoothing creases in sheets

relieving prolonged pressure

turning pillows over

limb placement (e.g. with arthritis)

reducing noise and light

touch, explanations, reassurance, empowerment.
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Physiology

Pain is both a physiological and a psychological phenomenon. Pain signals,
which may originate from physical or psychogenic stimuli, are transmitted to
and received by the cerebral cortex, where they are perceived (interpreted) by
higher centres in the brain. Pain is therefore necessarily individual to each
sufferer, a complex interaction between physiology and psychology. Pain relief
can therefore block either reception or perception of pain signals.

Pain is sensed by nociceptors, specialised nerve endings found throughout
the body, especially skin and superficial tissues. Two main types of nerves
(A and C fibres) transmit pain signals.

A fibres are large, with thick myelin sheaths that enable rapid conduction -
up to 20 metres/second (Grubb, 1998). Four subgroups have been identified:
alpha, beta, gamma and delta. A delta are found mainly in skin, skeletal mus-
cle and joints, producing sharp and well-localised impulses and defensive
motor reflex withdrawal (Melzack & Wall, 1988).

C fibres are small and unmyelinated, conducting impulses <2.5 metres/
second (Grubb, 1998). C fibres transmit dull, poorly localised, deep and pro-
longed pain signals, causing guarding movements and immobility. Sharp
impulses from the fast A delta fibres are superseded by slower, dull and
prolonged impulses from C fibres.

Melzack and Wall (1988) describe a ‘gate’ (in the substantia gelatinosa
capping grey matter of the spinal cord dorsal horn) which may be

B open
B closed
B blocked.

When open, impulses pass to higher centres (where they are perceived).
A closed gate prevents impulses passing, leaving nothing to perceive.
Endogenous chemicals control this gate (e.g. serotonin increases pain toler-
ance), so manipulating, supplementing or replacing these chemicals can con-
trol pain. The gate can also be blocked by other signals. A delta and C fibres
share pathways, so A delta stimulation (e.g. skin pressure) can block the
slower, dull, prolonged C fibre pain. Hence scratching itches, pressure
bracelets and transcutaneous electrical nerve stimulations can relieve pain.

Pain may be referred (e.g. phantom limb pain, cardiac pain in left arm,
appendix pain in loin — see Figure 7.1) where embryonic nerve pathways were
shared or where residual nerve pathways remain intact.

Psychology

Perception of signals received is influenced by various psychological factors,
including

culture

anticipation — e.g. past experience, misinterpretation
emotional vulnerability — e.g. fear

distraction.
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Heart

/- - Appendix

M Figure 7.1 Referred pain

The word ‘pain’ derives from the Latin ‘poena’ (punishment); perceiving
pain as retribution may be partly a psychological coping mechanism, but also
encourages physiologically harmful stoic attitudes of endurance. Culture also
influences whether, when and how it is acceptable to admit to pain.

While recognising cultural influences, especially when pain is denied,
stereotyping people is unhelpful and dehumanising. For example, older people
may require less analgesia due to slower metabolism of analgesics and reduced
pain sensation, but also grew up before the NHS existed, when stoicism was
more widely expected. Postoperative pain is underassessed and undertreated in
older people (Rakel & Herr, 2004). Even if pain impulses were comparable,
pain experiences are unique to each individual, necessitating individual
assessment.

Anticipation is influenced by previous exposure to similar stimuli
(e.g. endotracheal suction) and expectations. Readers may experience this for
themselves when visiting dentists.

Critically ill patients are vulnerable. They feel, and are, disempowered.
Such negative emotions exacerbate pain (Hawthorne and Redmond, 1998).
Fear can create self-fulfilling prophecies (something hurts because we expect it
to hurt), but uncertainty increases fear, so clear, honest explanations before
actions, warning them how long they will have to endure it, help patients pre-
pare for pain. Hayward’s (1973) classic study found information reduced pain,
analgesia needs and recovery time.
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Distraction may help people cope with pain by blocking the gate.
Distraction and guided imagery can be useful nursing strategies, although
impaired consciousness and verbal responses can limit their value in the ICU.

Assessing pain

Pain relief and providing comfort are fundamental to nursing. Ideally, assess-
ment of pain and effectiveness of pain management begins by asking patients,
but communication may be limited by intubation, sedation, impaired psy-
chomotor skills and sometimes denial. Family/friends and nursing/medical
notes may provide useful information, especially about chronic pain and
individual coping mechanisms.

Pain experiences and analgesia needs frequently change significantly, neces-
sitating frequent reassessment. There is no ideal ICU pain assessment tool
(Bird, 2003), but if patients are able to respond, they should be asked about
their pain:

B site (including any radiation)
B type (intensity, frequency)
B whether anything relieves it.

Nurses should observe whether pain is related to any activity, such as breathing
(including artificial ventilation) or movement.

Most pain assessment tools provide structured (often numerical) questions
for patients to answer. Pain rulers, widely used elsewhere, rely on conscious-
ness, vision and psychomotor skills, which are often impaired in ICU patients.
McKinley et al. (2003) describe a ‘faces’ scale for use in ICU, which is simi-
larly problematic if vision is impaired (Bird, 2003). Adapted from paediatric
pain management, some patients may find this patronising. Good pain man-
agement requires teamwork, so whatever means are used to assess and manage
pain should be shared by all staff.

Non-verbal cues can be as reliable as verbal reports of pain (Feldt, 2000),
so are especially useful if patients cannot talk. Sudden pain provokes a stress
response (autonomic nervous system), with sudden

tachycardia (+ shallow breathing)
hypertension

tachypnoea

vasoconstriction (clammy, pale peripheries)
sweating.

Other non-verbal signs include

B facial grimacing — clenched teeth, wrinkled forehead, biting lower lip,
wide open or tightly shut eyes
B position — doubled up, ‘frozen’, writhing
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B facial grimacing
B pupil dilation.
(Blenkharn et al., 2002; Murdoch & Larsen, 2004)

However, weakness/immobility and pathology may mask any or all of these
signs. Prolonged pain may also cause parasympathetic-mediated hypotension
and bradycardia.

Opioids rightly remain the mainstay of acute pain management, but pain
may be relieved through alternative or supplementary means. Pain is individ-
ual to each patient, so pain management should be individualised. Some
generalisations can be made, provided practitioners remember to adapt gener-
alisations to meet individual needs. Options will also be limited by what is
available.

Where patients are conscious, or able to visit pre-operatively (or be visited
on wards), discussing individual needs and preferences can provide nurses
with valuable information, empower patients and reassure them. Where pos-
sible, open rather than closed questions should be used. Patient-controlled
analgesia is discussed later.

Opioids bind to receptors in the central nervous system. Five types of receptors
have been identified:

mu 1(analgesia)

mu 2 (respiratory depression, sedation, bradycardia, itch)

kappa (spinal analgesia, sedation, meiosis, psychomimetic effects)
delta (emotional effects)

sigma (psychomimetic).

Common side effects include

nausea

respiratory depression
sedation

euphoria

constipation

urinary retention
histamine release (pruritis)
dysphoria

hypotension.

(Macintyre & Ready, 2001)
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Continuous intravenous infusions can cause accumulation of longer-acting
opioids, or if metabolism is impaired (renal failure, hepatic failure). Morphine
remains the ‘gold standard’ opioid against which others are judged. It sup-
presses impulse from C fibres, but not A delta, so relieves dull, prolonged pain.
Its relatively long effect makes bolus administration feasible, which also
reduces problems from accumulation.

Diamorphine (heroin) is metabolised to morphine, but being highly
lipophilic it is more potent.

Fentanyl is twice as lipid-soluble as diamorphine (Hewitt & Jordan, 2004),
so acts rapidly. Although more potent than morphine, it does not cause hista-
mine release, so causes less hypotension. Fentanyl derivatives include alfen-
tanil and remifentanil.

Alfentanil’s shorter duration of action (1-2 hours) makes continuous infu-
sion safer; its metabolites are inactive, making it useful for patients in renal
failure, although liver failure prolongs its half life.

Remifentanyl is rapidly metabolised (by plasma), so has few, if any, com-
plications from accumulation. It is, however, relatively expensive.

Pethidine is rarely used because it is very short-acting, produces the toxic
metabolite norpethidine, is highly addictive and provides no greater pain relief
than morphine (McQuay & Moore, 1998).

Epidural analgesia can provide effective relief for severe pain. Infusions usually
combine opioids (diamorphine or fentanyl) with local anaesthetic (bupivacaine).
Dangers include

dural puncture

haematoma

abscess

catheter misplacement/migration
hypotension.

Nurses should check the epidural site at each shift. Most Trusts have protocols
and specific observation charts for managing epidurals. Most local protocols
recommend hourly observation of

vital sign monitoring (HR, BP, RR, oxygen saturations)
pain

nausea

sedation level

level of sensory block (see later).

Observation charts usually show ‘dermatomes’ — levels affected by each spinal

nerve (see Figure 7.2). Where used, readers should be familiar with these.
Level of block is tested with cold spray or ice. A quarter of all epidurals

fail to provide effective analgesia, often due to catheter misplacement
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M figure 7.2 Dermatomes

(Ballantyne et al., 2003). Block should be sufficiently high to analgese, but not
unnecessarily high or uneven. Blocks reaching T4 (nipple area) may paralyse
respiratory muscles, so should be stopped immediately. Hypotension should #ot
be managed by tilting head down, as this allows drugs to travel up the spine.

Removing epidural lines can cause infection and haematoma, so removal
should be aseptic and only when clotting time is normal. The tip should be
inspected to check it is intact; it is coloured (often blue) to make it distinctive.
Heparin should usually be avoided before and after removal — times should be
identified in local Trust policies.

Giving patients control of administering their own opioids, within maximum
preset lock-out limits, usually achieves effective analgesia (McLeod et al.,
2001), and is preferred by patients (Snell et al., 1997). PCA is unsuitable if
patients cannot control devices due to

B sedation/paralysis
B impaired psychomotor function

(PCA)
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B muscle weakness
B visual deficits
B confusion/forgetting how to control the machine.

Many Trusts produce specific observation charts for PCAs. These usually
include:

vital sign (HR, BP, RR, oxygen saturations)
pain

nausea

sedation level.

As with epidurals, most Trusts recommend hourly observations.
PCA should be given through custom-made devices. These include a
number of safety features, recording:

B set programs, including background rate and lockout time
B  amount delivered
B unsuccessful attempts.

These should be recorded to enable continuing assessment. Unsuccessful
attempts (demand within lockout time) indicates that analgesic needs are not
being fully met, and so regimes should be reviewed.

Non-opioids, such as paracetamol, inhibit the neurotransmitter prostaglandin
E, (PGE,). Some non-opioids (but not paracetamol) are anti-inflammatory,
making them effective against musculoskeletal pain. Most have synergistic
effects when combined with opioids (McCaffery & Pasero, 1999), achieving
similar analgesia with smaller opioid doses, and so reducing adverse effects,
such as constipation and itching. NSAIDs (e.g. ibuprofen) are mainly used for
chronic musculoskeletal pain, but are sometimes used for post-operative pain.
They can cause renal failure.

Antiemetics

Opioids, given by any route, may induce nausea, both through delayed gas-
tric emptying and directly stimulating the vomiting centre in the brain. Nurses
should observe for signs of nausea, assess likely causes, and give appropriate
prescribed antiemetics. Most commonly used antiemetics, such as
ondansetron, cyclizine and prochlorperazine (stemetil) primarily affect the
vomiting centre. Maxalon (metoclopramide) primarily increases gastric motil-
ity, hence is useful where nausea is caused by gastric contents, but less useful
when nausea is caused by vomiting centre stimulation (e.g. post-operative
nausea and vomiting).
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B Promoting comfort and removing/minimising pain are fundamental to
nursing.

B Pain is a complex phenomenon involving both physiological transmission

of pain signals and cognitive interpretation.

Pain is individual to each person, so requires individual nursing assessment.

Currently there is no ideal pain assessment tool for the ICU, but verbal

questions and visual observations can indicate comfort.

B  Good pain management involves teamwork, so means of assessing and
managing pain should be shared by the team. Where possible, this team
should include the patient — discussing options and effectiveness, and
offering PCA.

B Nociceptor signals (reception) are interpreted as pain in the cerebral cor-
tex (perception); pain can be managed by removing either component.

B Opioids remain the mainstay of ICU analgesia, but supplementary ways
to relieve pain and provide comfort should also be used.

B Simple analgesics, such as paracetamol, have opioid-sparing properties,

and so reduced adverse effects of opioids.

Analgesia should be given before tasks which are likely to cause pain.

Nurses should evaluate effectiveness of pain relief to optimise its effect

and minimise its complications.

B Nurses should observe for signs of nausea, assess likely causes, and give
appropriate prescribed antiemetics.

Summary

Suffering is an almost inevitable part of critical illness, but this should not
make pain acceptable. Pain is a complex phenomenon, involving both physio-
logical transmission of pain signals and cognitive interpretation. Pain is cul-
turally influenced and individual to each person, so should be assessed and
managed individually. Promoting comfort and achieving effective pain man-
agement is fundamental to nursing, yet many patients continue to suffer
unnecessary pain. Understanding physiological and psychosocial effects,
together with pharmacology of drugs used, enables nurses to plan effective
pain relief. Acute pain often needs opioids, although non-opioid drugs can
provide useful synergy with opioids, and non-pharmacological approaches
should be considered. Evaluating and documenting effectiveness of pain relief
helps optimise its effect and minimise its complications.

Further reading

Classic books on pain management include Melzack and Wall (1988),
McCaffery and Pasero (1999) and Hayward’s (1975) classic study on postop-
erative pain. Wall and Melzack (1999) is a comprehensive reference text. Bird
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(2003) reviews pain assessment tools. Feldt (2000) and Blenkharn et al. (2002)
describe assessing pain from nonverbal signs. Readers should be familiar with
local policies and guidelines. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Ms Persad is a 38-year-old legal secretary, who was admitted to ICU for
respiratory management following her second bariatric weight loss sur-
gical procedure. She has no immediate family in the area and has given
her employer as next of kin. Ms Persad has a PCA of Morphine Sulphate
1 mcg/ml; her pain is poorly controlled. Ms Persad had previously had
her pain controlled with pethidine and developed an urticaric rash. She
dislikes the PCA and is requesting additional pethidine and medication
to relieve itchiness.

Q.1 Identify type, location and source of pain Ms Persad has been expe-
riencing along with other influencing factors. Select the most
appropriate pain assessment tools to use.

Q.2 Review the range of approaches used to administer analgesia in the
ICU. Analyse the use of pethidine versus morphine in managing
Ms Persad’s acute pain and discuss alternative approaches and
drugs which could be effective in managing her pain.

Q.3 Consider other non-pharmacological interventions that can be
implemented to effectively manage Ms Persad’s pain.
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Fundamental knowledge

Thermoregulation — hypothalamic control, shivering, sweating and
heat loss through vasodilatation
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Human bodies can only function healthily within narrow temperature ranges.

Body temperature, normally 35-37°C, is controlled by the thermoregulatory

centre in the hypothalamus, responding to central and peripheral thermore-

ceptors. If cold, vasoconstriction and shivering responses conserve and pro-

duce heat; if hot, sweating and vasodilatation responses increase heat loss.

Body temperature normally varies up to 0.5°C during each day (Weller, 2001).
Body heat is produced

B by metabolism
B in response to pyrogens.

Metabolism (chemical reactions) produces heat. Most post-operative pyrexias
are caused by hypermetabolic tissue repair, not infection (O’Grady et al.,
1998; Perlino, 2001). Blood transfusion similarly usually causes low-grade
pyrexia. With metabolic pyrexia people usually feel hot, as experienced during
heavy exercise.

Pyrogens, released by infection, typically cause higher temperatures than
metabolism. Pyrogens (e.g. TNFa, interleukin-1) increase hypothalamic ther-
moregulatory setpoint, initiating heat production to achieve the higher level
(= pyrexia). With infective pyrexias people usually feel cold/shivery, so
attempt to conserve warmth (e.g. extra bedding/clothing).

Infants are especially prone to rapid pyrexial fluctuations, due to hypothal-
amic immaturity, higher metabolic rates and having more brown fat (which
generates heat). Thermoregulatory impairment may cause febrile convulsions,
so pyrexial children should be monitored frequently. The body surface area of
children is proportionately larger than adults, making them also prone to more
rapid heat loss.

Immunocompromise prevents heat-producing responses occurring, so older
people (Watson, 2000a), people with immunocompromise diseases and people
receiving immunosuppressive drugs do not always develop pyrexia with infec-
tion. Age-related reduction in metabolism produces less bodyheat, so older
people may appreciate additional bedding.

Pyrexia is therefore a symptom, not a disease. It can be present without
infection, and infection can be present without pyrexia.

Pyrexia

The American Society of Critical Care Physicians (ACCP) defines clinically

significant (i.e. probably from infection) temperatures as > 38.3°C (Isaac &

Taylor, 2003), although hypermetabolism can cause severe hyperpyrexia.
Pyrexia can be protective,

B inhibiting bacterial and viral growth — most micro-organisms cannot
replicate in temperatures above 37°C (Henker et al., 2001) (‘nature’s
antibiotic’)
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B inhibiting proinflammatory cytokines (Wong, 1998)

B promoting tissue repair through hypermetabolism but every degree centi-
grade also increases

oxygen consumption

metabolic waste — carbon dioxide, acids, water by about 10 per cent.
Nurses should therefore assess both the likely cause of pyrexia and its cost
to the patient.

Hyperpyrexia

Hyperpyrexia (also called ‘heatstroke’ and ‘severe hyperthermia’) is a
temperature above 40°C. At 41°C convulsions occur and autoregulation fails,
death usually following at about 44°C, necessitating urgent (‘first aid’)
neuroprotective cooling.

Measurement

Hypothalamic temperature (where the thermoregulatory centre is) is the
ideal core measurement. Being impractical, other choices are necessarily a
compromise.

Pulmonary artery temperature, the closest measurable site to hypothalamic
temperature, remains the ‘gold standard’ (O’Grady et al., 1998). Catheters
being highly invasive, temperature measurement alone does not justify their
use. Debate persists about accuracy of alternative sites and equipment.

Mercury-in-glass thermometers are banned in many countries, and rarely
used elsewhere. Mercury releases neurotoxic vapour and broken glass is haz-
ardous. Latman (2003) considers that no other currently available thermometers
compare favourably with mercury-in-glass.

Rectal measurement, undignified and unreliable, is rarely justified in
the ICU.

Axillary measurement is theoretically unreliable for the ICU (Fulbrook,
1997; O’Grady er al., 1998), but is often used for disposable chemical
thermometers (e.g. Tempadots™). Board (1995) found chemical
thermometers accurate, but their range is limited to 35.5-40.4°C
(O’Toole, 1997), making them unsuitable for measuring hypothermia or
hyperpyrexia. Chemical thermometers rely on visual interpretation, so can be
subjective.

Electronic thermometers provide quick, less subjective (digital) measurement.
Carotid arteries supply both the hypothalamus and tympanic membranes.
Tympanic measurement may (Dowding et al., 2002) or may not (O’Grady
et al., 1998; Craid et al., 2002) be accurate. Poor techniques, such as not
pulling back the pinna fully, taking temperature in an ear that has been resting
on a pillow, or placing thermometers where earwax (cerumen) obstructs the
canal, cause inaccuracy.

Probes on urinary catheters can measure bladder temperature. One quarter
of cardiac output flows through renal arteries, so if urine flow is good
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(60 ml/hour), bladder temperature indicates core temperature (O’Grady et al.,
1998). As ICU patients are usually catheterised, bladder measurement avoids
additional invasive equipment. However, oliguria makes bladder temperature
measurement unsuitable for many ICU patients.

Nasopharyngeal and oesophageal probes provide relatively noninvasive
measurement, but nasopharyngeal measurement is affected by air leaks past
endotracheal cuffs. Either probe may cause distress and discomfort, so cannot
be recommended.

Infrared measurement of forehead temperature may (Harioka ez al., 2000)
or may not (Sessler, 2002) be reliable.

Noninvasive skin probes, usually on patients’ feet, measures peripheral
temperature. Comparing differences between peripheral and central tempera-
ture indicates perfusion/warming - difference should be <2°C if well
perfused. Limb reperfusion should be monitored following vascular surgery to
the leg.

Treaitment

Appropriateness of treating pyrexia necessitates individual assessment and

evidence-based practice. With pyrexias of infective origin, micro-organisms

can often be destroyed more safely by antibiotics than by endogenous pyrexia.
Cooling may be

B central (altering hypothalamic set point)
B peripheral (increasing heat loss).

Peripheral cooling (reducing bedding, tepid sponging, fans) stimulate fur-
ther hypothalamus-mediated heat production (shivering) and conservation
(vasoconstriction). Shivering increases metabolism, increasing oxygen and
energy consumption, while vasoconstriction traps heat produced in central
vessels, creating hostile environments for major organs. Cooling also shifts the
oxygen dissociation curve to the left, reducing oxygen delivery. Peripheral cool-
ing is therefore fundamentally illogical (Marik, 2000). Paralysing and sedative
drugs can reduce metabolism.

Antipyretic drugs (e.g. aspirin, paracetamol, nonsteroidal anti-inflammatory
drugs — NSAIDs) inhibit prostaglandin synthesis, hence restoring normal hypo-
thalamic regulation. Infective pyrexias usually respond to anti-pyretic drugs,
while pyrexias from hypermetabolism or hypothalamic damage will not.

Sweat evaporation, vasodilatation and increased capillary permeability
cause hypovolaemia and hypotension, necessitating additional fluid replace-
ment. Electrolyte and acid-base imbalances should be monitored and treated.

If infection is suspected, appropriate cultures should be taken (e.g. blood)
and empirical antibiotics prescribed. Suspected sources of infection (e.g. can-
nulae) should be removed if possible. Samples usually take days to culture, so
recording samples sent on microbiology flow sheets help ensure results are
promptly acted upon.
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Malignant hyperpyrexia

Malignant hyperpyrexia, a genetic skeletal muscle disorder (Redmond, 2001),
may be triggered by drugs (e.g. anaesthetic agents such as suxamethonium,
ecstasy) and stress (e.g. massive skeletal injury, strenuous exercise). Untreated
malignant hyperpyrexia is fatal.

Precipitating causes should be removed. The only available drug to treat
malignant hyperpyrexia is Dantrolene sodium (1 mg/kg) (Ellis & Halsall, 2002)
which, being a calcium channel blocker, relaxes skeletal muscle. Neuromuscular
blockade (paralysis) may be used to prevent shivering (heat production).

Pyrexia is a symptom, not a disease. Pyrexia should be managed in the
context of individual patients (cost/benefit analysis).

Current evidence for thermometers is limited and inconsistent, but tympanic
and chemical thermometers are probably preferable options.

Pyrexia may be metabolic or infective in origin.

Clinically significant pyrexia (infection) usually >38.3°C.

Pyrexia inhibits micro-organisms, but increases oxygen and energy
consumption, while increasing metabolic waste.

Infection should be treated with appropriate antibiotics.

Peripheral cooling of infective pyrexia is usually illogical and
counterproductive.

Central cooling (antipyretic drugs) can restore normal hypothalamic
thermoregulation.

Microbiology specimens should be recorded on a flow sheet to facilitate
prompt review.

Summary

Pyrexia is a symptom, not a disease. Patients, not observation charts, should be
treated. Low-grade pyrexia may be beneficial, so managing pyrexia should be
individually assessed for each patient — cause, cost, benefit. Clinically
significant pyrexia (>38.3°C) usually indicates infection and excessive cost, so
should usually be reversed with paracetamol while infection is treated with
antibiotics. Unidentified infections should be traced through culture.

O’Grady et al’s (1998) guidelines are authoritative. Useful reviews include
Marik (2000), Dowding et al. (2002) and Isaac and Taylor (2003). www.
routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239
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Clinical scenarios

Fiona Clarke, a 35-year-old known asthmatic was admitted to ICU with
severe dyspnoea and rash on upper body and arms. Fiona’s core (central)
body temperature is 38.2°C with shell (skin) temperature is 33°C. She
has started to shiver.

Q.1 (a) List potential causes of her increased core temperature.
(b) Identify the blood cells and mediators responsible.
(c) Explain the shivering response and its effects on metabolism.
Q.2 Compare various approaches to temperature assessment in your
own clinical area; include common sites used in temperature assess-
ment as well as the equipment available. Which would be the most
appropriate method to monitor Fiona’s core temperature (consider
accuracy, time resources, safety, comfort, minimal adverse effects)?
Q.3 Review effective nursing strategies for managing Fiona’s temperature,
select most suitable pharmacological interventions, laboratory
investigations, physical cooling methods (their value, limitations,
necessity), comfort therapies.
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Nutrition is fundamental to health, yet Nightingale’s (1859/1980) claim that
thousands starve in hospitals has been echoed in many recent reports, including
Essence of Care (DOH, 2001a). Feeding within 24-48 hours of disease/
surgery significantly improves outcome (McClave et al., 2002a). Nutrition has
improved, possibly to the extent of overfeeding some patients. However,
prescribed feeds are often not fully completed (McClave et al., 1999; De Beaux
et al., 2001) — incomplete administration of prescribed antibiotics would be
considered unacceptable.

Nitrogen (protein)

Metabolising (oxidation) 6.3 grams of protein produces one gram of nitrogen
(Reid & Campbell, 2004). Serum nitrogen is transported mainly as ammonia
(NHj;), which the liver converts to urea. So measuring urinary nitrogen
indicates protein metabolism. Unless diet is especially protein-rich, excessive
protein metabolism indicates malnourishment-induced muscle atrophy, which
delays weaning. So

B neutral nitrogen balance = dietary nitrogen matches urinary loss

B negative nitrogen balance = excess urinary nitrogen catabolised for
energy

B positive nitrogen balance = protein building (anabolism).

Nitrogen balance is normally measured by 24 hour urine collections, but
abnormal nitrogen metabolism and loss makes urinary nitrogen unreliable
during critical illness. Faecal loss of nitrogen, normally about 4 grams each
day, increases with diarrhoea, so routine 24 urine collections in the ICU have
little value.

Energy

Cells need energy to function. They use adenosine triphosphate (ATP)
produced in cell mitochondria. In health, ATP is mainly produced from
aerobic glucose metabolism:

C4H1204 + 60, — 36 ATP + waste (6CO, + 6H,0)

Some energy is also derived from fats. Fat metabolism is more complex — Krebs’
or the ‘citric acid’ cycle (Figure 9.1). Each stage of Krebs’ cycle releases
ATP and two carbon atoms. Carbon combines with coenzyme A, forming
acetyl-CoA which enables further reactions. Fat metabolism produces much
energy, but also much waste, each stage releasing acids (ketones, lactate),
carbon dioxide and water. Carbon dioxide and water combine to form
carbonic acid (H,COj3).
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Cytosol

| Pyruvic acid from glycolysis |

O
(CoA) NADH-+H* Mitochondrion
(fluid matrix)

Acetyl CoA

Oxaloacetic acid

: Citric acid
NADH+H* (pickup molecule) (initial reactant)

NAD*
Malic acid Isocitric acid
Krebs cycle
NADH+H*
Fumaric acid
FADH,
EAD Succinic acid NADH+H*

M Figure 9.1 Krebs (citric acid) cycle

Hypoperfusion (shock) deprives cells of normal energy sources (oxygen and
glucose) and waste removal. Anaerobic metabolism of alternative energy
sources (such as bodyfat) increases waste, causing hypercapnia and metabolic
acidosis, and creating increasingly hostile, acidic environments for cells.

Energy is measured in calories (cal), kilocalories/Calories (kcal/kCal) or
joules/kilojoules (J/k]) (see glossary for definitions). One kilocalorie is approx-
imately 4.2 joules (J). Carbon dioxide production from energy sources is
expressed as the respiratory quotient (RQ). RQ of carbohydrate is 1.0,
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compared with 0.8 for protein and 0.7 for fat. RQ exceeding 1.0 indicates fat
synthesis from excessive carbohydrates (Reid & Campbell, 2004) and thus
overfeeding. Energy from non-feed sources, such as propofol, should be
included in nutritional assessment (Bowling, 2004).

Trace elements

Speculation persists over value of various trace elements. Glutamine has
attracted particular interest — it may inhibit mediators of critical illness (Kudst,
2003), but does not improve survival from severe sepsis (Hall et al., 2003).

Enteral nutrition

The gut contains many bacteria. Immunoglobulins (IgA, IgM) prevent bacterial
translocation into blood, but hypoperfusion (shock) rapidly causes atrophy of
gut villi, releases proinflamatory cytokines (Zarzaur et al., 2000; Guzman &
Kruse, 2001; Harkin et al., 2001; Kudst, 2003), and enables bacterial
translocation. Enteral nutrition increases blood flow to the gut, preserving
normal function (Revelley et al., 2001) and may reduce pneumonia McClave
et al., 2002b).

Wide-bore gastric tubes (e.g. Ryles®) are easier to insert than fine-bore
tubes, but cause more inflammation (Bowling, 2004). Nasogastric tube place-
ment should be checked by X-ray (Metheny & Titler, 2001). Although testing
aspirate pH (with pH paper — not litmus (NPSA, 2005)) is widely used, gastric
aspirate may be unobtainable, or neutralised by antacids. Fine-bore tubes can
usually be aspirated, sometimes by injecting air to dislodge the tube from
stomach folds (Metheny et al., 1993), although aspiration can cause collapse,
blockage or rupture, so should not be routinely practised (Williams & Leslie,
2005) Tube placement is sometimes confirmed by capnography. Injecting air
through tubes (‘whoosh test’) should not be used (NPSA, 2005), as transmit-
ted sound can give falsely positive results. Marking nasogastric tubes enables
any external tube migration to be detected (Metheny, 1993).

Nasojejunal tubes should have alkaline aspirate, which makes it impractical
to distinguish between jejunal and pleural aspirates. Position should always be
checked by radiography, before removing guidewires. “Tiger’ tubes have small
projections, so peristalsis ‘feeds’ them into the jejunum.

Gut surgery, or absence of bowel sounds, do not contra-indicate enteral
feeding (Hartsell et al., 1997; Lewis et al., 2001). Paralytic ileus seldom affects
ileal motility, so if gastric feeding fails, jejunal tubes usually enable enteral
nutrition. Jejunal tubes can regress into the stomach unless placed after the
beyond duodenojejunal flexure (Bowling, 2004).

Absorption is often tested by measuring aspirate volumes, often 4—6 hourly
although frequency and residual volumes vary greatly (Williams & Leslie,
2004; McClave et al., 2005). Gastric aspirate contains nutrients, digestive
juices and electrolytes, but is also needed to stimulate peristalsis and ileal
secretions, so volumes of up to 200 ml are usually returned. Williams and



NUTRITION AND BOWEL CARE

Leslie (2005) recommend reassessing but continuing feeding with aspirates of
200-500 ml. Drugs such as metoclopramide may increase gut motility (Booth
et al., 2002).

Some units rest feeds to restore gastric pH <3, so reducing bacterial
colonisation. Rest times vary, four 4 being common, often overnight to follow
physiologically normal circadian rhythm. Other units feed continuously to
facilitate nutrient delivery (Williams & Leslie, 2004) and stabilise glycaemia,
as illustrated in this chapter’s clinical scenario. With current emphasis on tight
glycaemic control, continuous nutrition also reduces risk of hypoglycaemia
occuring.

Type and rate of feeds should be prescribed by dieticians, although most
ICUs have protocols for commencing standard feeds at incremental rates.
Feeds available include:

standard - carbohydrate-rich

fibre — may reduce diarrhoea

‘respiratory’ feeds — produce less carbon dioxide

‘renal’ feeds — produce less (nitrogen) waste

pre-digested feeds — for malabsorption

immune-modulating/enhancing feeds — contain substrates which alter
immune/inflammatory responses — e.g. glutamine.

Risk of aspiration can be reduced by prokinetics (e.g. metoclopramide) and
nursing patients at 45° (Drakulovic et al., 1997).

Parenteral nutrition

Enteral nutrition is preferable, but if unable to absorb sufficient enteral nutrition,
supplementary or (total) parenteral nutrition (TPN) may prevent muscle atrophy.
Supplemental TPN does not appear to reduce mortality (Heyland, 1998). TPN
can cause:

gut atrophy, enabling translocation of gut bacteria
infection

hyperglycaemia

impaired neutrophil function

lipid agglutination in capillaries (increased afterload)

and is costly.

TPN based on 50% glucose (14g and 9g Nitrogen formulations) should be
given centrally (including peripherally inserted central catheters — PICCs).
‘Peripheral’ TPN (9g Nitrogen) often causes thrombophlebitis, so is best given
centrally, especially if perfusion is poor. Gut function of patients receiving
TPN should be closely monitored to enable weaning onto enteral nutrition as
soon as possible.

Q1
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Table 9.1 Normal anthropometric chart

Mid-upper arm circumferences male 26-29 cm
female 26-28.5 cm

(Below = overall weight loss)

Triceps skinfold thickness male 11-12.5 mm
female 16-16.5 mm

(Below = significant loss of fat stores)

Mid-arm muscle circumference male 23-25cm
female 20-23 cm

(Below = protein deplefion)

Mortality increases with underfeeding (Kennedy, 1997) and overfeeding
(Bowling, 2004). Simple nutritional assessments (anthropometry) include:

height

weight

mid upper arm circumferences (= overall weight loss)
triceps skinfold thickness (= energy reserves; fat loss)
mid-arm muscle circumference (= muscle bulk; protein loss).

See Table 9.1. However, gross oedema and deceptive increases in body weight
may mask muscle atrophy (Say, 1997).

Metabolic analysers, included in some ventilators, calculate energy
expenditure by comparing inspired and expired oxygen (‘indirect calorimetry’).
However, expense and doubts about their value have limited their use in
the ICU.

Plasma albumin indicates protein synthesis (Say, 1997), but hypoalbu-
minaemia in critically ill patients is multifactorial.

Urinalysis may identify abnormalities such as ketonuria (from fat metabolism,
e.g. starvation, diabetes mellitus (Say, 1997)). Periodic urinalysis is cheap, simple
and quick, although abnormalities may have various causes.

Bowel care

In contrast to eating and oral care, bowel function is often a social taboo.
Despite its importance for nursing care, it can often be given relatively low
priority. ICU patients are prone to bowel dysfunction from

immobility

abnormal diet

abnormal peristalsis

fluid imbalances

effects of many drugs on the bowels (e.g. antibiotics, opioids, diuretics).

Q2
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Type 1 ® . (@) () Separate hard lumps,
Qo @ like nuts (hard to pass)
Type 2 Sausage-shaped

but lumpy

Type 3 Like a sausage but with

cracks on its surface

Type 4 Like a sausage or snake,

smooth and soft

Soft blobs with clear-cut
edges (passed easily)

Type 5

Type 6 Fluffy pieces with ragged

edges, a mushy stool

Type 7 Watery, no solid pieces

ENTIRELY LIQUID

UL

M Figure 9.2 Bristol stool form chart (after Heaton, 2000)

Commensal bacteria and yeasts in the colon assist digestion. Critical illness
may facilitate their translocation across gut mucosa, causing endogenous
infection. Translocation, and the controversial management of selective
digestive decontamination, are discussed in Chapter 15.

Bowel care should include recording frequency, type and amount of faeces
(Lewis and Heaton, 1997), and listening for bowel sounds (at least once
each shift). The Bristol Stool Form chart (see Figure 9.2) provides objective
descriptions.

Diarrhoea

Many ICU patients develop diarrhoea — 50 per cent incidence is often cited,
although Montejo (1999) found only 14.7 per cent. Diarrhoea is simply more
fluid entering the colon than can be reabsorbed, and may be caused by

B antibiotics (destroy gut flora): 41 per cent of patients on antibiotics
develop diarrhoea with enteral feeds, compared to 3 per cent without
antibiotics (Guenter et al., 1991)

B excessive fluid (colonic absorption is limited to about 4.5 litres each day)

B reduced water reabsorption from hypoalbuminaemia or hypoperfusion
(both common in ICU)
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B sorbitol (used in some elixirs, such as paracetamol suspension): exerts
higher osmotic gradients than plasma, drawing fluid into the bowel
(Yassin & Wyncoll, 2005).

Likely causes of diarrhoea should be identified and where reasonably possible
treated. If treatment is not reasonably possible, nurses should attempt to alle-
viate problems and risks. Enteral feeds seldom cause diarrhoea, so should not
usually be stopped if diarrhoea occurs.

Diarrhoea can be a homeostatic way to remove pathological bowel bacteria,
so reducing motility may cause/prolong infection. The most common patho-
genic cause of diarrhoea in the ICU is Clostridium difficile (O’Grady et al.,
1998). Pathogen removal should not be inhibited, but samples should be sent
for culture, and appropriate antibiotics prescribed.

Diarrhoea not caused by pathogens may be managed by

B reducing gut motility — e.g. codeine phosphate, loperamide

B adding fibre to enteral feeds (Spapen et al., 2001)

B probiotics, such as Saccharomyces boulardii, if diarrhoea is caused by
antibiotics (D’Souza et al., 2002).

Bowel contents are normally rich in electrolytes, including potassium and
bicarbonate (Yassin & Wyncoll, 2005), so diarrhoea may cause hypokalaemia
and metabolic acidosis. Metabolic imbalances should be treated.

Diarrhoea is distressing and socially embarrassing for patients (and visitors),
may excoriate skin, and spread bacteria into wounds, lines or urinary
catheters. Patients should therefore be reassured, washed and given clean
linen. Faecal collections systems may reduce psychological distress and physi-
ological risks. Previously, various systems were improvised, some potentially
causing rectal trauma from over-rigid tubes, and many exceeding manufactur-
ers’ recommendations (and so indemnity). The Zazzi Bowel Management
System™ is a custom-made faecal tube, which is effective and reduces infection
(Echols et al., 2004; Yassin & Wyncoll, 2005), but is relatively expensive.

Constipation

Contrary to popular belief, most people do not open their bowels once every day
(Heaton et al., 1992). Constipation is often defined as bowels not moving for 3
or more days (Locke et al., 2000), but normal frequency ranges from three times
a day to once weekly (Watson, 2001). Factors contributing to constipation in the
ICU include lack of diet, dehydration, immobility and constipating drugs
(e.g. opioids). Mostafa et al. (2003) found 83 per cent of ICU patients were
constipated, nearly half of whom failed weaning from artificial ventilation.

Bowel management should include assessment of possible constipation
through

B identifying when bowels were last opened, and type of stool passed
B observing and palpating for abdominal distension
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B possibly, digital rectal examination (‘PR”)
B if shard stools are present in the rectum, giving stool softeners, enemas or
(sometimes) manual evacuation of faeces.

RCN (2000) advise that nurses can undertake these procedures if they are
competent to do so, but should ensure that they are allowed to be local policies
and/or their contract of employment. The RCN guidelines also list contra-
indications and cautions to digital rectal examination.

Laxatives may be

B bulk-forming, stimulating peristalsis
B direct peristaltic stimulants (e.g. senna)
B osmotic/softening (e.g. lactulose).
(Thorpe & Harrison, 2002)

Bulk-forming laxatives are usually impractical in the ICU and, increasing
intra-abdominal pressure, reduce perfusion of abdominal organs. Osmotic laxa-
tives should be avoided in hypovolaemic patients, or patients with poor gut per-
fusion. Stimulant laxatives, such as senna, are usually the best option. Normal
gut transit time is often 12-24 hours, so senna is usually best given late at night.

Colostomies

Major bowel surgery often necessitates colostomy formation. Colostomy care
is the same in the ICU as elsewhere, except that ICU patients can seldom care
for their own colostomies. Colour and perfusion of stomas should be checked
at least once every shift, and any concerns reported. Most Trusts employ
stoma nurses, who should be actively involved.

B Early and adequate nutrition hastens recovery and reduces endogenous
infection.

B While multidisciplinary expertise is useful, nurses should both assess their
patients’ nutritional needs and co-ordinate care to ensure patients are
adequately nourished.

B If the gut works, use it — enteral feeding is usually preferable.

B Nurses may need to initiate standard protocol feed regimes, but dieticians
should individually assess patients as soon as reasonably possible.

B Success in establishing feeds should be assessed through

delivering prescribed regime

absence of high gastric aspirates or vomiting

absence of diarrhoea

absence of hyperglycaemia or other metabolic disturbances.

Q5
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B If nasogastric feeding fails, other options include

® prokinetic drugs (e.g. maxalon)

@ jecjunal tubes

@ percutaneous endoscopic gastrostomy/jejunostomy (PEG/PE]) tubes
® pre-digested feeds.

B Diarrhoea is rarely caused by nasogastric feeding, so it is not an indication
to stop feeds.

B Bowel function should be assessed on admission and reviewed each shift.
Frequency, type and amount of stool should be recorded.

B The Bristol Stool form assessment provides a useful way to quantify bowel
evacuations.

B Senna is usually the best laxative for ICU use.
B Stoma nurse specialist should be involved in the care of all patients with
newly-formed stomas.
Summary

Malnutrition causes much ill-health, delays recovery and increases mortality.
Early and appropriate nutrition is fundamental to care. Protecting the gut may
prevent sepsis. Nurses therefore should assess nutritional needs. Feeding
should be enteral whenever possible.

Many ICU patients are unable to identify need to defecate, or report
constipation, yet are prone to bowel dysfunction. Nurses should therefore
monitor bowel function. Diarrhoea frequently occurs in ICU patients, usually
being caused by disease or treatments.

Most ICU texts include substantial chapters on nutrition, and articles on
nutrition frequently appear in medical and nursing journals. Bowling (2004)
is a useful medical review, while Metheny and Titler (2001), Holmes (2004)
and Williams and Leslie (2004, 2005) provide useful nursing reviews of enteral
feeding. Websites such as that of the British Association of Parenteral and
Enteral Nutrition (BAPEN) contain current and often useful material.

RCN guidelines (2000) on digital rectal examination provide valuable
information for nurses and their managers. www.routledge.com/
textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Richard Lewis is 71 years old, weighs approximately 70 kg, with arm
span of 1.88 metres. He was admitted to the ICU 15 days ago following
emergency surgery for a perforated appendix. He is a smoker and has a
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tracheotomy to facilitate weaning from mechanical ventilation. His
glycaemic control maintains his blood sugar at 4.7 mmol/litre with intra-
venous insulin infusion of 0.5 iu/hour.

Richard is fed via a nasojejunal (NJ) tube in his right nostril. He
receives 75ml/hour of enteral nutrition combining two pre-digested feed
of 750 ml Peptamen® (1 kcal/ml) with 1 litre Nutrison Protein Plus®
(1.25 kcal/ml). He has diarrhoea >800 ml/day, which is infected with
Clostridium difficile and treated with IV vancomycin.

Q.1 Calculate Richard’s Body Mass Index (BMI). Assess his nutritional
status and requirements in the ICU. Identify other information
needed to complete assessment.

Q.2 Analyse Richard’s feeding regime including total daily calories, the
potential benefits and risks of feeding approach and type of enteral
feed.

Q.3 Consider strategies to manage Richard’s diarrhoea and prevent
cross infection. Review the range of faecal containment systems
available in your clinical area and other resources used to manage
patients’ diarrhoea. Evaluate effectiveness of these strategies.

Q7
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MOUTHCARE

Introduction

Hygiene is a fundamental activity of living, yet oral health remains largely
neglected (White, 2000), qualified nurses often lacking adequate knowledge to
perform mouthcare (Adams, 1996). Limited ICU-specific literature on mouth-
care has appeared since the first edition of this text. Poor oral care in the ICU
predisposes to short-term complications such as ventilator-associated pneu-
monia (Dennesen et al., 2003) and long-term effects such as dental decay
(O’Reilly, 2003).

Oral hygiene provides psychological comfort (O’Reilly, 2003). The mouth
is used for communication — lip-reading is possible despite intubation, while
following extubation, oral discomfort may make speech difficult. The mouth is
also associated with intimate emotions (smiling, kissing). Patients with, or think-
ing they have, dirty mouths or halitosis may feel (psychologically) isolated.

Providing oral hygiene merely replaces activities ICU patients would
perform for themselves, if able. Mouthcare should therefore

maintain hygiene

keep the oral cavity moist
promote comfort

protect from infection
prevent trauma

prevent dental decay.

Anatomy

Saliva is released from glands (see Figure 10.1). Secretion increases with

oral pressoceptor stimulation (from anything in the mouth, including
endotracheal tubes)

oral chemoreceptor stimulation (especially acids)

thoughts of food

smelling food (in environment, on clothing)

lower gut irritation.

However, ICU patients may develop dry mouths (xerostomia) from

B absence of oral intake

B reduced saliva from drugs (e.g. morphine, diuretics) and sympathetic
nervous system stimulation

B drying (convection) from mouths wedged open by oral endotracheal tubes.

So saliva secretion may be excessive or diminished. Saliva contains many
chemicals (see Table 10.1), including immune defences, so excess or deficits
can cause colonisation/infection and ulceration. Normally slightly acidic
(pH 6.75-7.0 (Marieb, 2004)), Treloar (1995) found mean salivary pH of 5.3
in ICU patients, which is more likely to cause tooth decay.

99
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Parotid duct

'\~ Parotid gland

Submandibular

duct
Sublingual gland — j
Submandibular

gland

M Figure 10.1 Oral (buccal cavity)

Table 10.1 Normal contents of saliva

Water (9/-99.5 per cent)

Linguinal lipase, ptyalin/salivary amylase (digestive enzymes)
Mucins {lubricate food, profect oral mucosal

Immunoglobulin A (immunity)

Lysozyme (immunity; NB not lysosome

Lacfoterrin (immunity)

Growth factor (promoting healing)

Proline-rich proteins (protecting tooth enamel)

Metabolic waste (urea, uric acid)

Saliva may be serous (containing ptyalin, which digests starches) or mucous
(containing mucin, a lubricant). Sympathetic vasoconstriction and dehydration
reduce salivary gland perfusion, making saliva viscous and mucin-rich — dry
mouths are familiar from ‘fight and flight’ responses. Endogenous sympathetic
stimulation from stress may be compounded by exogenous catecholamines
(adrenaline/noradrenaline). Saliva production also decreases with age — most
ICU patients are old.

Plaque

Plaque (sugar, bacteria and other debris) metabolises to acids, especially lactic
acid. Plaque can contain 10%-10"" bacteria per gram (Murray et al., 1994).
Accumulated plaque calcifies into calculus or tartar, disrupting seals between
gingivae and teeth. Gingivitis (sore, red and bleeding gums) occurs within 10
days of plaque formation (Kite & Pearson, 1995).
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Plaque is not water soluble, so mouthwash solutions are not a substitute for
brushing. Oral neglect enables bacteria to multiply around teeth and dissolve
bone (periotonitis/periodontal disease). Periodontitis is the main cause of adult
tooth loss, so neglect in ICU can have rapid and enduring effects.

Micro-organisms grow readily in ICU patients’ mouths because

B  mouths are warm, moist and static

B saliva accumulates at the back of throats, especially if gag/swallowing
reflexes are impaired

B blood and plaque provides protein for bacterial growth (O’Reilly, 2003)

B normal flora is often destroyed by antibiotics

B immunosuppression facilitates growth.

Infection is usually bacterial, but candidiasis, the most common fungal infection,
can be recognised by white spots (Clarke, 1993). Herpes simplex, the major oral
virus (susceptible to aciclovir cream), creates sores and cysts around mouth and
lips. Most oral fungi, including Candidasis, are susceptible to nystatin.

Excessive or purulent secretions should be removed with suction. Yankauer
catheters are often best for the front of the cavity, but deep oral suction is often
easier with a soft catheter. Removal of tenacious secretions may necessitate
lubricating the mouth with clean water from a 5 ml syringe, usually best directed
at the side of the mouth. Frequency of moistening or removing secretions should
be assessed individually for each patient.

Micro-organisms may bypass low-pressure endotracheal cuffs. Scannapieco
et al. (1992) found respiratory pathogens in 64 per cent of ICU patients, com-
pared with 16 per cent of dental clinic patients. Endotracheal tube tapes are
often heavily contaminated by bacteria (Hayes & Jones, 1995). Oral trauma,
such as from suction, enables pathogens to enter the bloodstream. So ICU
nurses should regularly reassess oral health and hygiene.

Oral decontamination (similar to selective digestive decontamination — see
Chapter 15) may prevent spread from oral to respiratory infection. Pugin et al.
(1991) found topical oropharyngeal antibiotics reduced oral infections from
78 to 16 per cent, but oral decontamination has not been widely adopted.

Assessment

Oral assessment should include each aspect of the cavity:

lips

gums

teeth
tongue

hard palette
soft tissue



FUNDAMENTAL ASPECTS

Table 10.2 The Jenkins oral assessment tool

Patients age Score

15-29
30-49
50-69
70+

Normal oral condition
Good

Fair

Poor

Very poor

Mastication ability
Full

Slightly impaired
Very limited

Immobile

— N W — N w M

— N W

Nutritional state
Good

Fair

Poor

Very poor

— N W

Airway

Normal

Humidified oxygen

ET tube

Open-mouth breathing

— N W

Source: Jenkins (1989)
Notes: Score 15 and above = 3 hourly care

12-14 = 2 hourly care

Below 12 = hourly care

If the patient has either/or:

1 large-dose antibioticc steroid therapy

2 diabetes mellitus

3 low Hb

4 immunosuppression

then the score of 1 should be substracted from the previous ‘af risk” calculator score.

B salivary production
B evidence of any infection
B evidence of any cuts/purpura/blood.

These should be assessed against risk factors from

B overall condition
B underlying pathology
B ctreatments (including effects of drugs).

Viewing the oral cavity requires a good light (e.g. pentorch).
Although assessment should be individualised to each patient, assessment
tools can provide a useful structure. Most tools are lists (e.g. Heals, 1993;
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Treolar, 1995; Rattenbury et al., 1999; Xavier, 2000) which may provide
useful triggers, but are often subjective. Tools designed specifically for ICU
include Jenkins (1989; see Table 10.2) and Jiggins and Talbot’s (1999; see
Table 10.3) paediatric assessment. However, Fitzpatrick (2000) considers that
no oral assessment tools are valid or reliable.

Table 10.3 Jiggins & Talbot’s (1999) oral assessment

Tongue — feel and observe appearance of tissue

O = pink, moist — papillae present

1 = coated/shiny appearance, increased decreased redness
2 = blistered or cracked

Lips — feel, observe appearance of fissue
O = smooth, pink, moist
1 = dry or cracked

= ulceration or bleeding

Mucous membranes — observe appearance

0 = pink, moist

1 = reddened or coated — increased whiteness

2 = spontaneous bleeding or bleeds with pressure
Gingiva — gently press tissue with thermometer cover
0 = pink, firm, sfrippled

1 = observations — redness

2 = sponfaneous bleeding or bleeds with pressure

Saliva = touch centre of tongue & floor of mouth with thermometer cover

O = watery
1 = thick or ropy
2 = absent

Teeth or gum line — observe appearance
0 = clean - no debris

1 = plaque/debris in localised area

2 = plaque/debris along gum line

Risk assessment

Ventilated

O = no/via fracheostomy
1 = nasally ventilated

2 = orally intubated

3 = ventilated >1 week
4 = ventilated >2 weeks

Paralysed

0=no

1 =vyes
Sedated/comatose
0=no

1 =yes

Immunocompromised

0 =no

yes, but receiving Nystatin
yes, not receiving Nysfatin

1
2

(continued)
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Table 10.3 (Continued)

Antibiotics
0 =no
1 =vyes

2 = yes >1 week
Fluid restricted

0=no

1 = vyes

2 = yes >2ml/kg
Haemofiltered /PD
0 =no

1 =vyes

2 = yes >1 week
Diuretics

0=no

1 = oral

2 = IV bolus

3 = IV infusion x 1
4 =V infusion x 2

Other factors e.g. dental decay, fixed braces, Candida, chemotherapy
O=no

T =vyesx |

2 =yesx?2

Lotions and potions

Teeth

Many mouthcare solutions and other aids have been marketed, most with
little support beyond custom and practice. Few remove or prevent plaque,
or provide other significant benefits, and many leave unpleasant tastes (nurses
can understand patients’ experiences by tasting non-prescription products
themselves).

Although tap water may be used, immunocompromise often encourages
ICU nurses to use sterile water; whether this is treating patients or staff is
unclear. Some mouthwashes are antibacterial: pharmacists can advise which
solution is best for each patient.

Foam sticks are useful for moistening the mouth between cleaning
(O’Reilly, 2003), but do not remove debris from surfaces or between teeth, so
plaque accumulation progresses (Pearson, 1996). Frequency of moistening
mouths should be individualised to patients.

Chlorhexadine (Corsodyl®) prevents bacterial and fungal growth (Fourrier
et al., 2000; O’Reilly, 2003). It is available as both a mouthwash and a gel.

Teeth should be brushed at least twice daily. Between brushing, additional
comfort cleaning/refreshing will usually be needed. Toothbrushes (with or
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without toothpaste) remain the best way to clean patients’ teeth, loosening
debris trapped between teeth and removing plaque. Technique should reflect
brushing one’s own teeth: brush away from gums to remove, rather than
impact, plaque from gingival crevices. Manipulating toothbrushes in others’
mouths, especially when orally intubated, can be difficult, so smallheaded
toothbrushes are often most effective for brushing others’ teeth (Jones, 2004).
Angling toothbrushes at 45° to gingival margins, using very small vibratory
movements, collects and remove plaque (Dougherty & Lister, 2004). With
limited mouth opening (trismus), interspace toothbrushes may be better for
removing plaque. Toothbrushes can clean heavily coated tongues, and gums
and tongue of endentitious patients (O’Reilly, 2003).

Fluoride toothpaste is preferable (Rattenbury et al, 1999) although
patients may find the taste of their usual brand comforting. Most toothpastes
dry the mouth (Jones, 2004), so should be rinsed out thoroughly — sterile
water from a 5 ml syringe, and continuous suction, are usually the best way
to achieve this. Yankaur catheters can stimulate a cough/gag reflex, so should
be used sparingly; soft catheters are usually more effective for mouthcare.

Vigorous brushing may cause bleeding, especially if patients have
coagulopathies (e.g. DIC); oral care should therefore be planned holistically. If
nystatin is prescribed, this should be administered following mouthcare.

Lips
Lips are highly vascular, with sensitive nerve endings. Mucosa being exposed,
it can dry quickly. Lips are even more closely associated with communication
(e.g. lip-reading) and intimacy (e.g. kissing) than the mouth. Lipcare can there-
fore prevent drying/cracking, while providing psychological comfort. Lip balm
or white petroleum jelly is often used to keep lips moist (Bowsher ez al., 1999).

Contrary to circulating myths, petroleum jelly neither explodes nor burns
(Winslow & Jacobson, 1998).

Pressure sores

Any body surface area may develop pressure sores (see Chapter 12). Treloar’s
(1995) small study found multiple lip, tongue and mucosal lesions, as well as
very dry mouths, in ICU patients. Endotracheal tubes and tracheostomies
place pressure on various tissues, including the mouth. Gingival surfaces are
more susceptible to sores than teeth (Liwu, 1990), and tube tapes can lacerate
lip. Pressure from tapes can be reduced by placing them away from lip corners,
supporting pressure points with gauze or sponge pads, and moving tapes and
tubes (Clarke, 1993). Teeth can usually be cleaned most effectively when
changing endotracheal tapes.

Dentures

About half of older people do not have their own teeth (Watson, 2001).
Intubation and impaired consciousness normally necessitates removal of any
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dentures, but property should be checked on admission so that dentures are
not lost. Nursing records should include whether patients normally wear
partial or complete dentures, and relevant care.

Dentures may easily be damaged or warp, especially if left dry or cleaned in
hot water (Clarke, 1993). Dentures should usually be left soaking-overnight in
cold water (Xavier, 2000; Clay, 2002; O’Reilly, 2003). Toothpaste should not
be used on dentures, as it can damage their surfaces (Clarke, 1993). Patients,
or their family, may be able to supply their normal cleaning agents which, if
available, should be used (Xavier, 2000).

B Mouthcare should be individually assessed, rather than following routine/

rituals.

B Toothbrushes (with or without toothpaste) are the best means for providing
mouthcare.

B Teeth should (usually) be brushed with toothpaste twice daily, with
additional comfort cleaning inbetween, according to individual
assessment.

B Fluoride toothpaste helps prevent decay.

B Rinse toothpaste out thoroughly, using sterile water and continuous suction.

B Mouthwashes or moist swabs moisten the mouth but do not remove
plaque.

B If antibacterial washes or gels are needed, consult pharmacists.

B If patients wear dentures, maintain their normal care if possible, and
record where they are stored.

B  White petroleum jelly protects lips from cracking.

Summary

Mouthcare is too easily forgotten in the physiological crises of critical illness,
but problems developing from their time in the ICU can cause long-term or
permanent oral/dental disease. The current paucity of material on mouthcare
in the ICU makes evidence-based practice difficult.

Jiggins and Talbot’s (1999) paediatric ICU article is largely applicable to
adults. White (2004) provides a useful collection of general nursing articles on
mouthcare. Dougherty and Lister (2004) give practical and substantiated
advice, although from onconology rather than intensive care perspectives.
Recent articles on mouthcare in the ICU includes O’Reilly (2003), Fourrier
et al. (2000) and Furr ez al. (2004). www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239
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Clinical scenarios

Michael Dodd is a 22-year-old gentleman who has a past medical history
of poorly controlled asthmatic. He presents with left lower lobe pneu-
monia. This is his third admission to the ICU for respiratory support.
He weighs 90 kg, is receiving enteral nutrition at 75 ml/h and has been
mechanically ventilated for 7 days. Michael’s oral endotracheal tube
length is 23 cm at lips, positioned on the right side of his mouth and
balancing on his teeth. He has visible dental decay at gum margins with
white spots on his tongue and hard palate.

Michael’s intravenous drug therapy includes sedative infusions of
propofol and midazolam, antibiotic infusions of vancomycin and
rifampicin and hydrocortisone. He has a temperature of 38.5°C,
Hb 10.4 g/dl, WBC 9.3 g/dI, CRP 207 mg/litre.

Q.1 List the equipment needed to inspect and assess Michael’s oral status
to include gums, tongue, salivary glands, teeth, palate, lips and jaw.

Q.2 Identify Michael’s risk factors for developing oral complications.
Use a published oral assessment tool to calculate and interpret
Michael’s oral assessment score.

Q.3 Develop a plan for Michael’s mouthcare including frequency of
interventions, method of brushing teeth and tongue, lip lubrication
and use of any topical lotions or creams.
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Introduction

Patients are seldom admitted to ICU for ocular pathologies, but one-third to
two-thirds of critically ill patients suffer eye surface disease (Dawson, 2005),
especially drying of the cornea and eye surface. Exposed eye surfaces are at
increased risk of infection (keratitis) and abrasion, while positive pressure
ventilation increases intraocular pressure, so causing potential ‘ventilator eye’.
This chapter does not discuss specialist ocular pathophysiologies, but reasons
for and types of eyecare needed by most ICU patients.

In health, the eyelid protects the eye surface. Tear production and frequent
blinking maintains health and moistens eye surfaces. While many ICU patients
can maintain their own ocular health, incomplete eyelid closure inevitably
causes corneal damage (keratopathy) (Suresh et al., 2000). Problems can
occur from

increased intraocular pressure or periorbital oedema (especially prone
positioning)

impaired blink reflex, such as from paralysis (disease or chemical)
decreased tear production

patient being unable to move their head

eye infection.

If patients are unable to maintain their own ocular health, nurses should meet
this need for them.

Nurses may feel squeamish about touching eyes, but eyecare maintains
physiological and psychological health. Ocular abnormalities often make
patients and relatives anxious. For most people, vision is the most used sense,
eye contact helping communication. So visual deficits contribute significantly
to sensory imbalance. ICU nurses should therefore evaluate:

B visual appearance
B eyecare performed
B  how care is described.

Eyecare in ICU varies greatly, with limited supporting evidence (Dawson,
2005). Substantive research being needed, suggestions here necessarily remain
tentative.

Ocular damage

The cornea, the eye’s outer surface, has no direct blood supply, otherwise sight
would be impaired. It is therefore vulnerable to drying, trauma and lacerations
(e.g. from pillows, endotracheal tapes, dust and particles). Blink reflexes and
tear production, which normally protect and irrigate corneal surfaces, may be
absent/weak. Drugs (e.g. atropine, antihistamines, paralysing agents) also
inhibit tear production.
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Bacteria can cause blepharitis, inflammation of eyelash follicles and sebaceous
glands, resulting in redness, swelling and crusts of dried mucus collecting on
the lids. Crusts may cause corneal trauma on eyelid closure with blinking. If
ocular infection is suspected, it should be reported and recorded; swabs may
need to be taken and topical antibiotics prescribed.

Incomplete eyelid closure or loss of blink reflexes causes corneal drying
(exposure keratopathy), and can cause infection (keratitis) or corneal ulcera-
tion (Dawson, 2005). The cornea is richly supplied with sensory nerves (Patil &
Dowd, 2000), making lacerations very painful. Corneal damage exposes
deeper layers to infection, while avascularity delays healing, often leaving
opaque scar tissue. Ocular trauma may remain unrecognised until patients
regain consciousness, finding their vision permanently impaired.

Normal intraocular pressure is 12-20 mmHg (average 15 mmHg).
Drainage of aqueous humour, and so intraocular hypertension, subconjuncti-
val haemorrhage and other damage, may be caused by positive intrathoracic
pressure (positive pressure ventilation), tight ETT tapes, oedema, poor head
alignment or prone positioning. Hypercapnia increase intraoccular pressure
(Patil & Dowd, 2000), a potential complication of permissive hypercapnia.
ICU patients are therefore at high risk of intraocular hypertension. More than
half the patients in Suresh et al.’s (2000) small study (n = 34) developed
‘ventilator eye’. Head elevation (e.g. 30° if supine) assists venous drainage.

Contact lenses are removed pre-operatively, but with emergency admissions
may still be in place. Contact lenses or glasses, if removed, should be stored
safely, and recorded in nursing notes incase of loss.

Assessment

Structured eye assessment tools are not generally used in ICUs, but nurses
assess ocular needs through

B existing documentation

B visual observation of patients

B  knowledge of normal ocular anatomy
B verbal questions (to patients or family).

Cues to consider include:

contact lenses/glasses

abnormalities (e.g. eyelids, lashes, exophthalmus); are abnormalities
unilateral/bilateral?

periorbital oedema

patient positioning, venous drainage

muscle weakness (‘droopy eye’)

eye closure — do lids cover cornea completely?

do eyes look infected/inflamed?

do eyes look sore (‘redeye’)?
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B tear production (excessive/impaired) — moist/dry eyes
B blink reflex (absent, impaired, slow)

B eye pain (flinching during eye care/interventions)

B  visual impairment (double, cloudy, difficulty focusing)
B  how does the patient feel (e.g. are eyelids heavy).

Closed questions are often easier for intubated patients to answer.
Unless patients have specific ocular disease, eyecare should

maintain ocular health
replace lost functions

ensure comfort

protect from trauma/infection.

To perform eyecare

B nurse patients supine, with head titled down (Dougherty & Lister, 2004) —
this helps nurses see what they are doing and keeps solutions in the eye

B use a good light (Dougherty & Lister, 2004), but avoid shining light
directly into patients’ eyes.

Frequency of eyecare should be individualised to needs.
While assessing and caring for patients’ eyes, nurses can also make
neurological assessment of

B pupil size and reaction
B  accommodation for near and long vision: place a finger near the patient’s
nose; when moved away, pupils should diverge.

Ocular damage may invalidate any or all of these tests.

Interventions

Dry eyes should be lubricated, although optimal solution or frequency remains
unclear (Dawson, 2005). Artificial tears seem a logical replacement if tear pro-
duction is inadequate. They should be dropped into the outer side of the lower
fornix (see Figure 11.1), which is less sensitive than the cornea (Dougherty &
Lister, 2004). Over-vigorous use of eyedrops on corneas resembles water torture.
To minimise infection risk, solutions should be stored in a clean area. If reusable,
they should be labelled with date and time of opening. Local hospital policies
will identify how long solutions can be used for after opening.

If eyelid closure is incomplete, and patients cannot blink, corneal surfaces
should be kept moist and covered. Cleaning should be performed with sterile
water, eye surfaces being very susceptible to infection. Saline should not be
used, because it can irritate and sting. Excess moisture should be removed
delicately, but no method is ideal — cotton wool and gauze can both scratch
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delicate corneal surfaces, while sticks on cotton buds can cause trauma. Many
people are especially squeamish about eyes, so relatives may become especially
anxious when eyes are covered.

Geliperm®, an occlusive gel wound dressing, has been used to protect eyes
(Dawson, 2005), although this is not included among its indications, and con-
cerns about legal liability have almost made its use for eyecare obsolete.
Geliperm® is waterbased, so should be replaced (not rehydrated, as this can
introduce infection). Geliperm® is not available on NHS tariff.

Many ICU patients suffer ‘ventilator eye’.

Care for each patient should be individually assessed.

If patients are unable to maintain their own ocular health, eyecare should
keep eyes clean, moist and covered.

Nursing semirecumbent helps venous drainage.

Prone positioning can damage eyes; elevating bedhead by as little as 10°
and careful head alignment can reduce complications.

Eyecare solutions are potential media for infection, so should be changed
regularly (check unit/hospital policy; if not specified, change at least one
each shift).

B Exposed corneas are vulnerable to trauma, so keep pillow edges, endotracheal
tape and other equipment away from eyes.

Summary

Although patients are seldom admitted for ocular conditions, diseases and
treatments can expose the ICU patients to ocular damage. Yet eyecare in the



ICU is often given low priority, and there is little reliable and substantiated
literature to guide interventions. Care inevitably relies heavily on custom,
practice, rituals and anecdotal support. As part of their fundamental patient
care, nurses should support/provide what their patients need. Nurses should
therefore assess their patients’ ocular health and risks, planning individualised
care accordingly.

Eyecare in the ICU is much under-researched, and little other specialist literature
exists. Ocular literature rarely discusses care of critically ill patients, although
the Joanna Briggs Institute (2002) has synthesised what little knowledge is
available. Patil and Dowd (2000) and Suresh ez al. (2000) are among the few
relatively recent medical articles. The Royal Marsden NHS Trust Manual of
Clinical Nursing Procedures (Dougherty & Lister, 2004) offers sound advice
for nursing care. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Mr Jonathan Hopkins is 48 years old and works as a computer
programmer. Jonathan wears non-gas permeable contact lenses and has
a severe stigmatism in one eye. He recently required treatment for recur-
rent conjunctivitis. Jonathan was admitted with community acquired
pneumonia. In the first 24 hours he received respiratory support via
facial mask CPAP of 10 cmH,O with FiO, of 0.5.

Q.1 Identify factors which can cause ocular damage or complications
with Jonathan’s vision.

Q.2 Jonathan developed bacterial keratitis and corneal ulceration
associated with exposed cornea from an over-tightened head har-
ness securing his CPAP face mask. Consider how this affected his
recovery in relation to his perceptions, vision, communication
interactions and pain. Reflect on the legal, ethical and professional
responsibilities towards Jonathan. (Has substandard practice or
negligence occurred? If yes, who might be responsible?)

Q.3 Review eye care in your own clinical area. Is the ocular assessment
and associated interventions

systematic (in both approach and documentation)

based on a local or published guideline

knowledge and/or evidence-based

effective at identifying risk patients, and before
complications occur?

EYECARE
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SKINCARE

Introduction

Pender and Frazier (2005) found one-fifth of their ICU patients developed
pressure sores, although mean arterial blood pressures averaging 47 mmHg in
those developing sores and 52 in those that did not, generalisability of this
finding is questionable. Up to a quarter of pressure sores in hospitals originate
perioperatively, especially with vascular surgery (Scott et al., 2001). Pressure
sores increase

B  morbidity (human costs)

B recovery time

B  mortality

B financial costs (prolonged stay, additional treatments, litigation).

Epidermis cells take one months to migrate from basal layers to skin surfaces
(Casey, 2002), so healing is slow, exposing deeper tissues to potential infection.
ICU patients at ‘high risk’ for developing pressure sore because of

prolonged peripheral hypoperfusion
oedema

anaerobic metabolism
Immunocompromise

malnutrition.

This chapter revises pressure sore development, identifies some assessment
systems available and describes some ways of preventing pressure sores.
Wound dressings are not discussed, as rapid changes in practice and availability
makes inclusion in this book impractical. Necrotising fasciitis, a dermatological
condition often proving fatal, is also discussed. Much literature originates, or
is sponsored/promoted by, people and commercial companies with vested
interests, so should be treated cautiously.

When external pressure exceeds capillary pressure, perfusion fails, leading to
necrosis. Capillary occlusion pressure, the amount of pressure required to
occlude capillaries, is often cited at 30-32 mmHg. This originates from
Landis’ 1930 study, which measured 21-48 mmHg in normotensive volun-
teers (mean 32 mmHg) (Lowthian, 1997). ICU patients are not volunteers,
and seldom normotensive. So 20-25 mmHg is generally a safer upper limit for
any unrelieved pressure on any tissue. Visible signs of pressure sores may
appear on skin surfaces, but pressure in solid tissue near bony prominences
can be 3-35 times that exerted on skin (Houwing et al., 2000).
Pressure sores can be caused by intrinsic factors such as

B age
B  malnutrition
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dehydration
incontinence
medical condition
medication

and extrinsic ones:

B unrelieved pressure
M shearing
B friction.
(Waterlow, 1995)

Extrinsic factors are usually more easily modified.

Excessive moisture or dryness hastens skin breakdown. Urine is acidic, so
leaks around urinary catheters excoriate skin. Perspiration makes skin exces-
sively moist, and contains urea. Faeces also contains acids (Lowery, 1995).
Diarrhoea, inability to alert nurses to the need for bedpans, and gathering
sufficient staff to turn patients can result in anal areas being exposed to evac-
uated faeces, causing excoriation. Barrier creams can reduce risks of break-
down, so are useful adjuncts to, but not substitutes for, nursing care. Prompt
hygiene and ‘comfort’ washes reduces risks, and lubricating dry skin
(e.g. aqueous cream) can prevent breakdown.

Traditionally, pressure sores are associated with skin over bony
prominences — elbow, heels, sacrum. These are risk areas for ICU patients, but
other possible sites for sores include:

head (especially the back)

ears

lips/mouth (around ETTs)

beneath invasive equipment (e.g. hubs of arterial lines)
skinfolds (e.g. breasts, groin, abdomen)

chest and face if prone positioned.

Hair may hide sores on backs of heads, until blood is found on pillows. Nurses
should therefore proactively assess all risk areas.

Assessment

The UK has at least 14 grading systems for pressure ulcers (Harker, 2000).
Many visually grade ulcers from one to four (see Figure 12.1).

The Braden tool (Bergstrom et al., 1987) is the most widely used assessment
in the USA (Ayello & Braden, 2002), but is unreliable for the ICU (Pender &
Frazier, 2005). Waterlow (19835, updated 2005) is most widely used in the UK.
Most UK nurses are familiar with it, but not being designed for ICU it classi-
fies most patients as ‘high risk’. Scores between different staff can also be very
discrepant (Cook ez al., 1999). Despite a 1992 consensus conference, the
‘Stirling” Scale (Reid & Morison, 1994) proved difficult to use (Harker, 2000).
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A few tools have been developed specifically for ICU, but none have been
widely adopted. Birty’s tool (Birtwistle, 1994) uses colour rather than numer-
ical codes. While visually clear and simple, colour printing is expensive, and
absence of scores necessitated incorporating the whole tool into each nursing
record. Cubbin and Jackson (1991; revised Jackson, 1999) spawned Lowery’s
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(1995) ‘Sunderland’ scale. Bateson et al.’s (1993) more sensitive scale was
published after a substantial pilot study, but the promised follow-up does not
seem to have appeared. Theaker et al. (2000) identified five main risk factors
for critically ill patients developing pressure sores:

vaspressors (e.g. noradrenaline)
APACHE II > 12

faecal incontinence

anaemia

length of stay > 2 days.

Many of these unsurprisingly overlap, in that sicker patients are likely to
stay longer, have higher APACHE scores, receive inotropes and suffer more
complications.

Whatever means is used, assessment should identify actual and potential
problems, and be understood by all staff so that effective care can be planned
and maintained.

Prevention

Pressure on skin can be decreased either by changing position or increasing
surface area over which pressure is spread. Two hourly pressure area care
owes more to ritual than logic.

Many aids have been marketed, although most ICUs mainly use either Jow
air loss mattresses (e.g. Trasair Statis 2002%, Nimbus®2 or 3) or tilting/kinetic
beds (e.g. Pegasus®) — see Chapter 27. Choice of mattress or other aids may be
restricted by

B patient’s weight — with very obese patients, weight limits of aids (including
hoists) should be checked before use

B pathology — e.g. head or spinal injury patients require a firm mattress to
maintain spinal alignment

B cost, if equipment needs to be hired.

With the wide choice of commercial aids available, increasing levels of litigation,
and professional individual accountability of nurses, improvised aids should
be avoided.

Changes in knowledge and products are rapid. Most hospitals employ tissue
viability nurses, but it is also valuable to identify a link specialist among ICU
staff to

provide information for all unit staff

apply information to special needs and problems of ICU patients
audit skincare

link to wider resources (e.g. tissue viability nurse).
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Necrotising fasciitis

Necrotising fasciitis is rare (Forbes & Rankin, 2001; Gully, 2002), although
incidence is increasing (Jallali, 2003). Infection usually follows minor trauma or
surgery (Neal, 1994), beginning as cellulitis unresponsive to antibiotics. It may
be caused by aerobic, anaerobic or (more often) mixed infections (Minnaganti
et al., 2000). Infection spreads rapidly (3—5 cm each hour) through connective
tissue, especially extremities or the perineum (Jallali, 2003). Initially skin and
muscle are spared (Gully, 2002), but progression causes toxic shock syndrome,
septic inflammatory response syndrome (SIRS) and multiorgan dysfunction
syndrome (MODS). Depending on how quickly and effectively it is treated, mor-
tality ranges from 20 to 70 per cent (Forbes & Rankin, 2001; Gully, 2002).

Early stages of the disease are acutely painful (Neal, 1994). Necrotising
fasciitis should be treated with aggressive surgical debridement and intra-
venous antibiotics, such as penicillin G and benzylpenicillin and clindomycin
(Forbes & Rankin, 2001; Gully, 2002; Copson, 2003), but multiorgan dys-
function syndrome often necessitates transfer to the ICU for system support.
Hyperbaric oxygen can improve oxygen delivery to tissues (Jallali, 2003) but
is not available in most hospitals. Extensive infection may leave residual
deformity (Hinds & Watson, 1996), and amputation may be necessary
(Jallali, 2003).

Tissue necrosis causes gas production (hydrogen, methane, hydrogen
sulphide, nitrogen) and putrid discharge, although purely streptococcal infec-
tions have no odour (Neal, 1994). The smell (and grey colour) of rotting flesh,
distressing enough for staff, can cause profound distress to patients and visi-
tors. Air-fresheners can help mask the smell, although chemicals should not
enter exposed wounds. Gross (oedematous) swelling of flesh may make
patients almost unrecognisable, so visitors should be carefully prepared.

B ICU patients are ‘high risk’ for pressure sore development.

B Sores develop if external pressure exceeds capillary occlusion pressure.
20-25 mmHg is usually a safe upper limit for sustained pressure. ICU
patients can therefore develop sores in many places, including the backs of
heads.

B Proactive nursing assessment of all skin surfaces and risk factors should be
made at least once daily, identifying any special aids needed.

B No ideal assessment tool exists for the ICU, but whatever is used should
be familiar to all staff.

B Improvised aids may cause harm, so are usually best avoided.

B Pressure area aids should allow tissue perfusion, so pressures should be
below capillary occlusion pressure (20-25 mmHg) for part of each cycle.

B Unit link nurses for tissue viability can be a valuable resource.

B Necrotising fasciitis is a rare, but potentially devastating, infection that

progresses rapidly and should be treated aggressively.
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Summary

Skin has many functions; the cost of skin breakdown can be measured in
mortality, humanitarian terms (morbidity), increased length of stay in the
ICU, increased financial costs and litigation.

Various scoring systems have been designed to assess skin integrity, but none
are ideal for the ICU, and the best system is only as good as the staff using it.
Pressure sores continue to occur in the ICU. The culture of guilt surrounding
pressure sores is unhelpful to everyone; despite good nursing, sores will occur,
so nurses should assess and minimise risk factors to reduce the incidence.

Further reading

General nursing journals frequently carry articles on skincare, the Journal of
Wound Care specialising in the topic. Most anatomy texts include detailed
chapters on skin; Casey (2002) reviews anatomy. Theaker et al. (2000) review
pressure sores from crticial care perspectives. Articles occasionally
appear on necrotising faciitis, Gully (2002) being a useful nursing review.
www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Norman Robinson is a 60-year-old gentleman who tripped on an uneven
paving stone and sustained a superficial abrasion to the lateral aspect of
his left knee. Within 24 hours, his leg was increasingly painful, oedematous
and he was unable to extend his knee or weight bear. Two days following
this fall, Mr Robinson was diagnosed with necrotising fasciitis and had
aggressive surgical debridement. This involved ‘degloving’ his left leg and
the application of skin grafts taken from his right leg. He was admitted
to the ICU following surgery for mechanical ventilation and organ support.
Mr Robinson is increasingly oedematous with extensive (offensive
smelling) wound exudate from both legs and constant diarrhoea. He
weighs 93 kg and is 1.68 m tall.

Other results include pyrexia of 38.5°C, tachycardia 115 beats/min,
MAP 73 mmHg, CVP 20 mmHg and urine output greater than
60 ml/hour over the last 4 hours. Blood investigation revealed creatinine
218 pwmol/litre, urea 18.4 mmol/litre, albumin 17 g/litre, platelets 61 X
10 ?/litre, Hb 8.5 g/dl, WBC 14 X 10~ “/litre. Microbiological examination
of tissue from left leg show large presence of Staphylococcus aureus and
Beta Haemolytic Group A Streptococci. Appropriate antibiotics have
been prescribed.
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Q.1 Identify Mr Robinson’s risk factors for developing further skin
breakdown.

Q.2 Consider the range of pressure relieving equipment in your clinical
area, select appropriate mattress type, aids and other interventions
to optimise skin integrity.

Q.3 Review wound assessment and documentation for Mr Robinson.
How should his exudative wounds and skin grafts be managed to
minimise other complications and promote wound healing?
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CHILDREN IN ICU

Introduction

Paediatric intensive care is a speciality provided in the UK by regional centres.
However, when children initially become critically ill they are often in their
local hospital. Children are usually only admitted to the ICU if additional care
to that available on paediatric wards is needed, and until retrieval teams from
paediatric ICUs (PICUs) arrive to transport patients to specialist centres
(DOH, 1997; Hallworth & MclIntyre, 2003). The occasional emergency pae-
diatric admission creates two main problems for staff in general (adult) ICUs:

B when children are admitted, their condition is usually at its most critical/
unstable

B admission is so infrequent, most staff in general ICUs have little or no
experience of paediatric nursing.

Hazinski (1998) identifies three areas of expertise needed for nursing children
in adult ICUs:

B knowing how children differ from adults (e.g. signs of distress, organ failure)

B appreciating anatomical, physiological and psychological differences

B critical care skills (knowing how to ventilate children, adjust drugs and
perform resuscitation).

Neonates would be admitted to SCBU, not adult ICUs, so neonates are not
discussed in this chapter. At least half of all children admitted to ICU are under
two years old (Bennett, 1999), this age group having little reserve function and
susceptible to critical illness, crises often develop more rapidly and acutely.
This chapter therefore focuses mainly on younger children, identifying main
differences between nursing critically ill adults and children, and priorities of
care until paediatric retrieval services arrive. Pathologies necessitating ICU
admission are often similar to those identified in other chapters. Meningitis is
discussed.

Children, especially young children, are still developing. They are less physically,
psychologically and (often) emotionally developed than adults. Physical
growth necessitates higher metabolic rates, increasing oxygen and nutritional
demands, while increasing physiological waste. Many physiological para-
meters, such as heart rate and cardiac index, are therefore higher than with
adults.

Most units have centralised places for storing paediatric equipment. The
commercially successful Broselow®Hinkle Paediatric Emergency System
(Armstrong Medical), which contains standard emergency paediatric equip-
ment in an easily-accessible colour-coded layout and transportable bag, is used
on many units.
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Airway

Proportionally increased oxygen demand, carbon dioxide production and
smaller airways make children prone to respiratory problems. For the first six
months of life, children breathe through their noses (Wilkinson, 1997), so any
nasal obstruction necessarily obstructs the airway. Children’s tongues are rel-
atively larger than their oropharynx, making airway obstruction more likely
(Patel & Meakin, 2000). Relatively small inflammatory responses, or mucous,
can obstruct airways. Paediatric endotracheal tubes, and suction equipment,
are necessarily smaller than adult ones, making tubes more prone to obstruc-
tion by mucous, and removal more difficult due to smaller and more flimsy
catheters. Marsh (2000) suggests normal endotrachael tube sizes for children
over one year to be

age + 4
4

internal diameter =

or approximately the diameter of the child’s finger. Tibballs (2003) recommends
6FG suction catheters for neonates, 8FG for infants and small children, and
10FG for older children. Being especially prone to hypoxia, children should
always be preoxygenated before suction.

Breathing

Children have little physiological reserve, small respiratory systems and high
metabolic rates, making them very susceptible to hypoxia. Proportions and
function also differ between paediatric and adult airways. Davies and Hassell
(2001) suggest that normal respiratory rates are:

<1 year  30-40 breaths/minute
2-5 years  20-30 breaths/minute
5-12 years 15-20 breaths/minute
>12 years 12-16 breaths/minute.

Circulation

Unless born with congenital abnormalities, children usually have healthy
cardiovascular systems. Cardiovascular changes are therefore usually indicate
respiratory dysfunction (Davies & Hassell, 2001), such as hypoxia. Normal
pulse rates per minute are

<1 year: 120-160
1-3 years: 90-140
4-5 years: 80-110
6-10 years: 75-100
11-13 years: 60-95.
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Family

Admission to intensive care is usually emotionally traumatic for both children
and parents (Teare & Smith, 2004). Casey’s (1988) model emphasises the
importance of involving parents.

Parents often experience guilt and anger, however illogical both may be.
Even more than relatives of adult patients, they need information and
emotional support. Parents with other children experience additional stress
(Clarke, 2000). Involving parents in care can provide psychological comfort
for the parents, and restore normality for their child (Teare & Smith, 2004).

Waiting rooms should cater for visiting siblings by providing toys, books,
other activities and small chairs (Clarke & Harrison, 2001; Vint, 2005) - A&E
departments often cater for visiting children better than ICUs. Ventilators and
other machines can cause psychologically trauma, but imagining what they are
not allowed to see may create more trauma than reality. Children and parents
should be able to make informed choices about whether siblings should visit
(Clarke, 2000; Vint, 2005). Providing books for children to become familiar
with the ICU can help prepare them (Clarke & Harrison, 2001).

Some children are physically or mentally abused. Vague history, or bruising
that is not adequately accounted for, may indicate nonaccidental injury.
Suspected abuse should be reported, but is emotionally, legally and politically
contentious, so should be referred to senior staff. Written records and verbal
reports should remain factual.

Neurological

Children are normally active, make good eye contact, respond to familiar
voices and faces, and are active. Observing interaction with their parents
therefore can indicate neurological state. Slow responses, irritability, lethargy,
high-pitched or weak cries usually indicate problems. Active children may
dislodge invasive equipment, so arterial cannulae are usually avoided with
conscious children.

Immature vital centres, and other brain tissue, makes them prone to
exaggerated responses:

B fitting
B pyrexia
B hypertension.

Neck muscles of young children are weak, and their head is disproportionately
large, so children are prone to spinal-cord injury. Children are especially
susceptible to meningitis.

Ventilation

Although artificial ventilation is avoided whenever possible, children ill enough
to need admission to adult ICUs usually suffer severe respiratory failure.
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Until about eight years of age, airways are very narrow and relatively
tortuous, so to avoid further narrowing the airway uncuffed tubes are used for
intubation (Bennett, 1999; Patel & Meakin, 2000). Initially, oral tubes are
usual, but once stabilised, tubes are usually changed to nasal (Duncan, 2003).

Physiologically, children normally have fast respiratory rates, so this will
usually be mimicked on ventilators. Otherwise, paediatric ventilation is similar
to that of adults, only with proportionally smaller volumes. Most ventilators
include paediatric settings.

Cardiovascular

Children in shock are more likely to survive if given aggressive fluid resuscitation
(Morgan & O’Neill, 1998; Thomas & Carcillo, 1998). Their immature nervous
systems are less sensitive to catecholamines (Wilkinson, 1997), so proportionally
larger doses may be needed.

Cardiac arrest usually only occurs once physiological reserves are
exhausted (Zaritsky, 1998) — usually after prolonged hypoxia. Paediatric
resuscitation algorithms have a few differences from adult ones, so should be
displayed prominently in bedareas where children and nursed.

Children normally have high fluid intake and high metabolism. However,
immature renal function gives them less reserve to offload waste water, so may
develop extreme fluid and electrolyte imbalances more rapidly than adults,
needing proportionally more or less fluid, depending on needs and problems.
Fluid balance should be very carefully monitored. With very young children, if
not catheterised, this includes weighing nappies, wound and incontinence pads.

Children have high metabolic rates, so are especially susceptible to hypogly-
caemia, and critically ill children may not have eaten for some time. Blood glu-
cose should therefore be assessed, especially if fitting occurs (Davies & Hassell,
2001). Drug infusions are often diluted in glucose, although free water from
glucose solutions can increase intracranial pressure, causing fitting.

Thermoregulation

Very young children are prone to extremes of temperature because they have

B  an immature hypothalamus
B larger body surface area in proportion to body mass
B brown fat (which insulates more effectively than white fat).

They can therefore rapidly develop pyrexial or hypothermic. Limited immunity
exposes them to greater risk of infection. Temperature should therefore be
monitored regularly, and problems treated promptly. Small children can rapidly
develop febrile convulsions.



Most adult drugs are prescribed and administered dispensed in standard doses.
Most paediatric drugs dosages should be individually prescribed according
to patients’ weight or body surface area. Weight should therefore always be
recorded on admission. If children cannot be, or have not recently been,
weighed, parents may know or have records — specialist community public
health nurses’ (formerly called ‘health visitors’) records. If no other source is
available, weight can be estimated in children over one year of age by adding
four to their age, and doubling the sum:

weight = (age + 4) X 2

Until one year of age, 10 kg is usually a fair estimate of likely weight.

Normal paediatric doses, far smaller than adults ones, are often unfamiliar to
nurses used to caring for adults, so access to paediatric formularies and a reliable
quick reference guide are strongly recommended. Hepatic metabolism does not
reach adult rates until about six months, so very young children often need pro-
portionally smaller doses. However, most drugs used in the ICU achieve immedi-
ate effects so, as with adults, most doses are titrated until desired effect is achieved.

Generally less evidence exists for drug safety and efficacy with children than
adults, because paediatric research creates ethical problems, so some familiar
drugs are not licensed for paediatric use. For example: propofol, dubiously
implicated in fatalities and other major complications such as epilepsy (Parker
et al., 1992), is widely used (Murdoch & Cohen, 2000) but not recommended
for ICU paediatric use.

Morphine remains the ‘gold standard” opioid for children, although other
standard opioids are also used. Ketamine, not an opioid, causes less
cardiovascular instability, and with children seldom causes the nightmare-like
hallucinations it can with adults (Dallmeyer, 2000).

Murdoch and Cohen (2000) suggest that propofol, midazolam and chloral
hydrate are the most widely used paediatric sedatives in the ICU, although
practice varies greatly between units. Chloral hydrate, which is given naso-
gastrically, has no analgesic effect. It can cause nausea, but is less likely to
if diluted with water (Dallmeyer, 2000). Triclofos, a chloral hydrate derivative,
causes less nausea and vomiting.

Drugs are sometimes given intraosseusly, but nurses should only use this
route if competent to do so.

CHILDREN IN ICU

Stabilisation

Ideally, paediatric nurses stay with patient, as they have paediatric expertise, such
as knowing drug dosages and normal paediatric physiology; however, this is not
always feasible. Early transfer to a specialist paediatric unit is usually arranged
(Hallworth & Mclntyre, 2003), but until paediatric retrieval teams arrive, chil-
dren should be stabilised and optimised. Priorities are establishing a patent airway
and intravenous cannulation (Ramnarayan et al., 2002). Regional centres usually
advise, or have prewritten protocols for, standard drugs and other interventions.
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Significant heat loss can occur on transfer, so children should be ‘mummy
wrapped’ in insulating blankets, with woollen hats and gloves. This also protects
vascular access and makes them easier to handle during transfer.

Most likely adverse events during transfer are

loss of monitoring (batteries)

loss of intravenous access

accidental extubation

blocked endotracheal tube

exhaustion of oxygen (ml of oxygen required = minute volume X time of
transfer in minutes)

incomplete kit

ventilator malfunction

pump battery failure.

Equipment should be carefully checked before transfer

Legal

Infection can cause inflammation of the meninges, or subarachnoid space
(Kennedy, 2003). Viral meningitis is more common and less serious than
bacterial meningitis. Bacteria usually responsible for childhood meningitis are

B Streptococcus pneumoniae
B Neisseria meningitides
B Haemophilus influenza type b (Hib).

Incidence peaks under one year of age, before immunity matures, with a lesser
peak during adolescence (Maclennan, 2001). Meningitis can progress rapidly,
death following within hours of mild non-specific febrile symptoms. Neck
stiffness is often the earliest specific symptom. One in seven survivors suffer
permanent disability, especially hearing loss (Peate, 2004). Prompt and appro-
priate treatment is therefore vital.

Meningitis is usually diagnosed by lumbar puncture - infected cere-
brospinal fluid (CSF) contains protein and leucocytes. Lumbar puncture is
contraindicated with raised intracranial pressure, as it may cause tentorial
herniation (‘coning’). Treatment is mainly intravenous antibiotics with aggres-
sive system support. Meningitis usually causes photophobia, so children should
be nursed in a dark room.

Meningitis is a notifiable disease, so all contacts should be traced.
Antibiotics are usually given to everyone who had prolonged contact with
bacterial meningitis during the previous week.

aspects

Children have different status in law to adults. Some laws specificy ages at
which people can act independently of their parents, although ages differ for
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different laws. In the wake of the Gillick case and the 1989 Children’s Act,
concepts of legal ‘minors’ have changed from age-related to competence-
related (Dimond, 20035). Nurses should clarify what rights children and others
do, and do not, have. If in any doubt, advice should be sought from their
Trust’s legal department.

B Children are rarely admitted to adult ICUs, but when they are, they are

usually in crisis, awaiting transfer to regional PICUs. Priority is therefore

to stabilise the child — establish patent airway and vascular access.

Respiratory failure is the most common cause for admission.

Primary cardiovascular disease is rare; cardiovascular failure is usually

secondary to hypoxia.

B  Most units have a room or trolley with readily accessible paediatric
equipment, including

® paediatric drug formularies
@ pacdiatric resuscitation guidelines
® regional PICU protocols

and staff should familiarise themselves with local paediatric equipment.

B DPaediatric drug doses are almost always far smaller, usually varying with
size/age. Before giving any drugs, nurses should carefully check prescrip-
tions and amounts, seeking further advice if concerned about anything.

B Parents usually suffer guilt and anxiety, so need information and support,
and should be actively included in the child’s care.

B Waiting rooms should cater for siblings — toys, small chairs and informa-
tion booklets.

B If unsure of children’s legal status, or concerned about non-accidental
injury, seek advice from senior staff.

B Meningitis usually begins with non-specific fever-like symptoms, but
bacterial meningitis can be rapidly fatal. Neck stiffness is usually the
earliest specific symptom.

B Meningitis is a notifiable disease; anyone having prolonged contact with
bacterial meningitis during the previous week should be given prophylactic
antibiotics.

Summary

Paediatric admissions to adult ICUs are rare, but when they occur, they are
usually brief, with the aim of stabilising for transfer. Principles of nursing crit-
ically ill children are largely similar to nursing adults, with proportionally
smaller volumes and sizes. Adult ICU nurses are however usually unfamiliar
with these sizes, so should carefully check all prescriptions and calculations,
seeking advice if they have any concerns.
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Parents and siblings usually experience extreme psychological crises, needing
information and support. Family should be prepared, and involved in care as
much as possible.

Childline: 0800 1111

Meningitis Research Foundation: 080 8800 3344

National Meningitis Trust, Fern House, Bath Road, Stroud, Gloucestershire
GLS 3T]J, Information line: 0891 715577; support line: 0345 538118

NSPCC Child Protection Helpline (24 hour): 0808 800 5000

Families Anonymous: 0845 1200 660; Doddington & Rollo Community
Association, Charlotte Despard Avenue, Battersea, London SW11 SHD;
Faxline: 020 7498 1990; e-mail: office@famanon.org.uk

Further reading

Bennett (1999) provides a useful overview of paediatric intensive care. Various
specialist books are available, including Williams and Asquith (2000), Davies and
Hassell (2001) and Stack and Dobbs (2004). Clarke (2000), Clarke and Harrison
(2001) and Vint (2005) have researched needs of children visiting ICUs. Specialist
articles periodically appear in various nursing and medical journals. www.
routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Annabel White is a healthy 16-year-old who ingested an unknown amount
of alcohol at a local nightclub. On admission to the Adult ICU, Annabel is
conscious but disorientated with a self-ventilating respiratory rate of 39
breaths per minute, tachycardia (164 beats per minute) with hypotension
(80/40 mmHg). Blood investigations reveal metabolic acidosis and hypo-
glycaemia. Annabel’s parents are aware of her admission but not yet present.

Q.1 Review local hospital policies on paediatric admissions to ICU.
What documentation is needed and who should be informed about
Annabel’s admission?

Q.2 Annabel is non compliant with interventions, for example oxygen
therapy, positioning and assessment. Consider issues regarding her
autonomy, legal age of competence and consent. Can Annabel refuse
treatment? Who should advocate for Annabel and give consent on
her behalf?

Q.3 Consider the impact of the ICU environment on Annabel and the
impact of her presence on other ICU patients and staff. Outline
nursing strategies which may be used to promote compliance and
stabilise her condition.



Chapter 14

Contents

Infroduction 132
Ageing 132
Physiological effects 133
Outcome 134
Ageism 135
Implications for practfice 136
Summary 136
Further reading 136
Clinical scenarios 137



FUNDAMENTAL ASPECTS

Most patients in hospital (Hubbard et al., 2004) and the ICU (Adelman et al.,
1994) are over 65. Healthcare should be provided according to clinical need,
regardless of age (DOH, 2001b). Yet limited material appears about older
people in specialist literature, making them a potentially neglected majority.
Comparing quantity and quality against paediatric critical care literature
illustrates the relative neglect.

Age is not a disease, and diseases suffered by older people are not unique to
their cohorts. Physiological ageing, multiple pathology and polypharmacy
often complicate their physical needs, while negative attitudes by society, hos-
pitals and staff may limit access to services or mar their psychological care
(DOH, 2001b). Admission of old people to the ICU raises ethical questions:

Should older patients be admitted to ICU?

With limited resources, what proportion should be spent on older people?
Can suffering caused by ICU admission be justified by outcome?

Should older patients be treated differently?

Most old people are healthy, but healthy people are not admitted to the
ICU. This chapter outlines effects physiological ageing can have on major
body systems before focusing on wider social and attitudinal issues. The
International Council of Nurses position statement on ‘Nursing Care of the
Elderly’ (ICN, 1991) advocates that nurses should help older people maintain
independence, self-care and quality of life. Such aims can be easily lost in phys-
iological crises and technological intervention.

Although USA healthcare retains with words ‘geriatric’ and ‘gerontology’,
these are generally considered pejorative in the UK — old age is not a disease,
so does not need treating. The terms ‘elderly’ and ‘elders’ are often, although
not always, disliked by older people, so are usually avoided in UK healthcare.
Currently, the preferred UK term is ‘older’ person or adult. Varying terminology
should be remembered when undertaking literature searches.

Ageing

Ageing can be

B chronological (number of years lived)
B sociological (role in society, for example retirement)
B physiological (physical function).
(De Beauvoir, 1970)

Chronological ageing, often >65, is statistically simple and clear, so
adopted by much medical literature, especially quantitative research, and
(with qualification) by the DOH (2001b), but is usually medically arbitrary,
failing to recognise each person’s uniqueness and individuality. So nurses



OLDER PATIENTS IN ICU

should approach each person as an individual, rather than chronological
stereotype.

Ageing almost inevitably brings decline in most physiological functions
although rates of decline vary between systems and individuals. Reserve
function — the difference between actual level of function and minimum func-
tion needed for homeostasis — provides a barrier against disease. Progressive
decline in reserve function increases likelihood of chronic and multiple disease
in later years, such as diabetes mellitus.

Underlying chronic conditions, including chronic pain such as arthritis, are
more common among older people. Arthritis may be visually apparent, but
individual assessment may identify other needs, enabling nurses to avoid
inflicting accidental pain.

Physiological effects

Hypertension, reduced stroke volume and cardiac output and other cardio-
vascular changes are partly age-related (Vanhoutte, 2002), but mainly from
acquired damage, especially from smoking (Padwal ez al., 2001; Fogarty &
Lingford-Hughes, 2004). Older people may suffer from various cardiovascular
diseases, including

dysrhythmias, especially atrial fibrillation (see Chapter 22)
coronary artery disease

heart valve disease

atherosclerosis

peripheral vascular disease.

However caused, poor perfusion affects all other body systems.

Nearly all aspects of respiratory function significantly decline with age
(Mick & Ackerman, 2004), and incidence of acute respiratory failure increases
(Behrendt, 2000), although healthy older people retain sufficient reserve
capacity (Watson, 2000b).

Central nervous system degeneration progresses throughout life, although
cerebral atrophy makes older people more able to compensate for increased
cerebral volumes, making them more likely to survive intracranial hyperten-
sion. Neurophysiological changes are complex, but older people are at greater
risk from the three Ds:

B  dementia
B delirium
B depression.

Up to half of hospitalised people over 70 develop delirium (Danter, 2003), so
confusion should always be treated as acute and reversible until proven other-
wise. Reality orientation can be useful, but may provoke aggression; alterna-
tive approaches, such a validation therapy (Feil, 1993), seek to empower
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rather than control people. But most approaches rely on verbal responses,
limiting their value for intubated, sedated patients. Communication can be
problematic with all ICU patients, but acute limitation may be compounded
by dysphasia, hearing loss, impaired vision or impaired memory.
Communication needs should therefore be individually assessed — relatives
may be a valuable source for information or achieving communication.

Renal problems typically associated with ageing (e.g. incontinence, prostatic
obstruction) are alleviated by catheterisation. Age-related decline in renal
function (Chalmers, 2002) may cause abnormal biochemistry, such as elevated
serum creatinine, but like most other critically-ill patients, acute renal failure
is usually caused by hypovolaemia.

Age-related elastin and collagen loss, together with poorer perfusion makes
older skin more fragile, prone to sheering pressure sores, and delays healing
(Penzer & Finch, 2001). Most pressure sores occur in people, hence the
weighting for age on Waterlow and other assessment scales. Pressure area aids
can reduce incidence of pressure sores, but optimising endogenous factors
(nutrition, perfusion) reduces risks. Reduced capillary perfusion impairs
cutaneous drug absorbtion (e.g. GTN/fentanyl patches, ‘essential’ massage
oils) and removal of metabolic waste.

Gastrointestinal function declines with age (Eliopoulos, 2001), but the gut’s
large functional reserve normally sustains adequate function (Firth & Prather,
2002). As with other critically-ill people, gut failure can precipitate sepsis and
other crises.

Liver dysfunction is mainly pathological rather than chronological
(Eliopoulos, 2001). Reduced ability to metabolise drugs may necessitate
reduced doses and more careful monitoring of plasma drug levels.

Older people are more frequently malnourished than younger people
(Devlin, 2000) due to factors such as poverty, poor mobility, maldentition,
reduced gut motility, digestive problems, lack of facilities or constipation.
Undernourished and obesity predisposes them to multiple risk factors, includ-
ing immunocompromise which increases risks of hospital-acquired infections,
and muscle weakness which delays weaning from artificial ventilation
(Adams & Murphy, 2000; Dardaine et al., 2001; Pearce & Duncan, 2002).

As muscles and bone atrophy, they are replaced by fat. Fat repels water, so
older people are more prone to dehydration. As calcium metabolism declines,
less is absorbed, while stored (skeletal) calcium is leached, reducing bone
density, so making bones more brittle and liable to fracture. Muscle weakness
contributes to delayed weaning from ventilation and prolongs rehabilitation.

Ovutcome

Most studies about older ICU patients measure mortality, increasingly to
hospital discharge or later. Whether old patients benefit from critical care or
whether consuming limited critical care resources for the old is just are
debated, depending partly on different measures and views. Esteban et al.’s
(2004) multinational survey found higher ICU and hospital mortality among
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older people, but similar ventilation times. Others (e.g. Dardaine ef al., 2001;
Somme et al., 2003) found that age did not affect mortality. However, under-
lying physiological function does affect outcome (Taylor er al., 2002
Boumendil et al., 2004), so physiological rather than chronological age-related
criteria for ICU admission may be justified.

Mortality is easily measured, but quality of life, a more valuable (if more
subjective) measure of outcome, does not necessarily correlate with health out-
comes (Covinsky, 1999). Nierman ez al.’s (2001) USA study found that three-
quarters survived to discharge, half being discharged back to their own homes.

Chronological age alone should not determine ICU admission (Dardaine
et al., 2001). Overt or covert admission criteria may prevent sicker older
patients being admitted (DOH, 2001b), so comparison with younger (poten-
tially sicker) cohorts of ICU patients can be misleading. Outcome to hospital
discharge and functional recovery is as good as with younger ICU patients
(Mick & Ackerman, 2004), but lower costs of care with older people (Ely
et al., 1999) may reflect sicker older patients being refused admission.
Conflicting research and practice makes healthcare for critically ill older adults
into a covert lottery.

Ageism

‘Ageism’, the ‘notion that people cease to be people...by virtue of having lived
a specific number of years’ (Comfort, 1977: 35), may be overt (e.g. refusing serv-
ices to people over a certain age (Bytheway, 1995)) or covert (e.g. attitudes).

Overt chronological age criteria for critical care admission are now rare
(DOH 2001b), but evidence-based medicine and predictive scoring
(e.g. APACHE (Knaus et al., 1985)) can create covert ageism — APACHE II
scores chronological age to account for physiological ageing, as well as scoring
pathophysiologies. APACHE scores of older people are therefore
disproportionately increased.

Older people may have sensory or expressive communication difficulties.
While staff should optimise communication, they should be aware of insidious
prejudice, stereotyping or other negative attitudes, such as speaking loudly to
all old people, rather than assessing whether they have any deficit, and if so
how to compensate for it.

Many older people grew up before the National Health Service existed so
they remember a very different society (and social values); doctors (and nurses)
were presumed to always know best. Their beliefs and values may therefore
differ significantly from those of nurses caring for them; different generational
values may cause misunderstandings. Nurses should empower choices, which
with older people may take more encouragement.

Bereavement, social mobility and physical immobility may leave older
people isolated, deprived of social supports (families, friends). Friends/family
may treat the older person as a burden. Psychological isolation can become
self-fulfilling, encouraging older people to adopt child-like dependant behaviour
and/or appear confused.
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Implications for practice

B Older patients already form about half of UK ICU admissions; numbers
will probably increase, so ICU nurses should actively consider needs and
quality of care.

B Function of all body systems declines with age, but most older people are
healthy. When acute ill-health necessitates ICU admission, care should
anticipate recovery.

B Reduced function, and possible multipathology, necessitates individu-

alised, holistic care.

Confusion should be treated as acute and reversible, until proven otherwise.

Sensory or expressive communication limitations may be acute or chronic,

so should be individually assessed, and individualised strategies planned to

overcome limitations.

B In-service and post-registration education should include significant focus
on nursing older people in the ICU.

B Ageism, insidious throughout society, can easily, and insidiously, influence
care; reflecting on and evaluating nursing care (individually and in groups)
helps identify areas for development.

Summary

Definitions of ‘old’ are arbitrary, but pragmatically many ICU patients are
‘old’, a potentially neglected majority. Paucity of literature on older patients in
the ICU makes this one of the most neglected aspects on ICU nursing.
Pathologies experienced by older people are largely those suffered by younger
patients. Multiple pathologies, system dysfunction and slower metabolism,
make physiological needs of older patients complex. ICU admission can also
threaten psychological and social health. Nurses can humanise potentially
threatening and ageist ICU environments to meet the needs of older patients.

Key texts about nursing older people are Norman and Redfern (1997),
Redfern and Ross (1999), Heath and Schofield (1999) and Heath and Watson
(1995). De Beauvoir (1970) provides highly readable and challengingly socio-
logical perspectives. Medical studies of age-related outcome frequently appear,
but otherwise literature on older people in the ICU is infrequent. Material
from specialist journals, such as Age & Ageing and Nursing Older People can
often be applied to the ICU. Mick and Ackerman (2004) review implications
of physiological ageing for the ICU. The National Service Framework
(DOH, 2001b) raises many concerns about general healthcare which,
although not ICU-specific, are often applicable. www.routledge.com/
textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239
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Clinical scenarios

Albert Rose is an active and independent 89-year-old who was admitted
to the ICU following emergency laparotomy for perforated bowel. He
has an illeostomy and two abdominal drains with a total of 2 litres blood
loss in the first 4 hours. He is mechanically ventilated with an Hb of
8.2 g/dl and Hct of 29 per cent.

Q.1 Review the main age related physiological changes and expected
normal values for an 89-year-old in the ICU. What are the impli-
cations of these changes in managing Mr Rose’s treatments?

Q.2 Analyse the significance of Mr Rose’s Hb value on his recovery.
Examine the benefits and adverse effects of blood transfusion with
elderly ICU patients. Should Mr Rose be transfused?

Q.3 Consider possible outcomes for Mr Rose following discharge from
hospital. Formulate a strategy to promote his physical and mental
recovery.
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INFECTION CONTROL

Introduction

Hospital nosocomial (hospital acquired infection — HAI) rates remain
8-10 per cent (Emmerson, 1997); one-third are preventable (Bion et al., 2001),
one-third are acquired in ICUs (Eggimann & Pittet, 2001). Infection can be
endogenous or exogenous. Half of the patients admitted to an ICU are already
colonised by micro-organisms that will cause subsequent infections (Eggimann &
Pittet, 2001), and one in 20 ICU patients develop bloodstream infections
(Laupland et al., 2002). Endogenous infection, from organisms already har-
boured by patients, in the ICU usually occurs through the respiratory tract (e.g.
ventilator-associated pneumonia — VAP), but can also occur through skin, espe-
cially though central venous lines (DOH, 2001c¢) and the gut. Exogenous infec-
tion is usually though contact (staff, procedures, equipment), but can also be
airborne. Exogenous cross infection causes up to one-third of hospital acquired
infections, at least half of which are preventable (Harbath et al., 2003).

Bacteria that are commensals (harmless) to healthy people may become
pathogens to vulnerable ICU patients. ‘Infection’ only occurs when people
develop pathological responses to micro-organisms. Destroying commensals
with antibiotics enables opportunist infection from organisms colonising (but
not necessarily infecting) healthier people.

Infection control has generated much research and debate, but fewer
solutions. Most ICU patients are immunocompromised, whether from
pathologies (e.g. hepatic failure), treatments (immunosuppressive drugs) or
age-related decline in immunity. This makes each member of staff a potential
source of infection. This chapter identifies incidence, sources and effects of
infection in ICU, describes some prevalent bacteria (methicillin-resistant
Staphylococcus aureus, Pseudomonas, vancomycin resistant Enterococci), and
medical/nursing treatments, emphasising prevention rather than treatment.

Infection in the ICU

Infection requires

a micro-organism (source)

a reservoir (where sufficient quantities can breed)
a means of transfer

a susceptible host.

Micro-organisms are found in any environment which humans can inhabit.
ICU patients and their environments frequently provide reservoirs for micro-
organisms to reproduce. Most ICU patients are susceptible to infection. So
once micro-organisms gain entry into patients (any invasive device, procedure
or wound), or across barriers within the body, infection can occur.

On admission, one-fifth of ICU patients have infections (Alberti et al.,
2002), which are often the cause of admission. ICU nosocomial infection rates
vary, but after one day nearly one-fifth of patients acquire infections
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(Alberti et al., 2002), and incidence continues to increase. Overall ICU
nosocomial infection rates may be as high as 60 per cent (Emmerson, 1997).
The most common causes of infection in ICU are

B ventilator-associated pneumonia
B intra-abdominal infections following trauma or surgery
B bacteraemia from intravenous devices.
(Eggimann & Pittet, 2001)

Septicaemia (bloodstream infection) can be detected through blood cultures.
Debate persists about indications for blood cultures, many units taking cultures
if patients’ temperatures exceed an identified limit — often 38-38.4°C. Such
figures reflect greater likelihood of infective rather than metabolic pyrexia (see
Chapter 8), but are not always reliable.

Ventilator associated pneumonia (VAP)

Nearly all ICU patients have bacteria colonising their upper respiratory tracts
(Andrews, 2000; Castre, 2001). Up to half of all ventilated patients acquire
infection (Matthews & Matthews, 2000). Mortality among patients with VAP
is 71 per cent, compared to 29 per cent mortality for those without (Young &
Ridley, 1999).

Sixty per cent of ventilator-associated pneumonias are caused by mutliresistant
organisms (Akca et al., 2000), making treatment more problematic, costly and
prolonged. VAP can be reduced by chest physiotherapy (Ntoumenopoulos et al.,
2002) and nursing patients semirecumbent (45°) (Drakulovic ez al., 1999).

Bacteria are divided between gram ‘positive’ or ‘negative’, depending whether
they retain crystal violet-iodine complex stain. Gram positive organisms
include

B Staphylococci (including methicillin-resistant Staphylococcus aureus —
MRSA)

B Clostridium

B Enterococci

B Streptococci.

Gram negative organisms include

Acinetobacter
Enterobacter
Escherichia coli
Helicobacter pylori
Klebsiellae
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M Proteus
B Psecudomonas
B Serratia.

Gram negative organisms have thinner cell walls, so produce endotoxins for
protection. Endotoxin stimulates inflammatory responses. Traditionally, gram
negatives were hospital-acquired, while gram positives were community-
acquired, but mutation of resistant gram positive organisms (e.g. MRSA,
VRE) means most hospital-acquired infections are now gram positive
(Humpbhreys, 2001). The two most prevalent organisms infecting ICU patients
are Staphylococcus aureus (30.1 per cent) and Pseudomonas (32.1 per cent)
(Vincent et al., 1995), both opportunistic infections.

Gram negative organisms tend to colonise moist areas, whereas gram
positives are usually transmitted by direct contact and airborne spread
(Barrett, 1999). Infection control has therefore changed from concern about
moist reservoirs to airborne and direct contact risks. Hand hygiene is
especially more important in the era of increasingly prevalent, and virulent,
gram positive organisms.

Most types of Staphylococci aureus remain methicillin sensitive (MSSA),
but MRSA has becomes increasingly problematic, frequently colonising respi-
ratory tracts (Theaker et al., 2001). The UK has the highest incidence of
MRSA in Europe - colonising nearly one-tenths of all ICU patients on admis-
sion (Thompson, 2004), and one-third of long-stay ICU patients (Theaker
et al., 2001). One-fifth of all Staphylococci isolated from ICUs are resistant
(Eggimann & Pittet, 2001), and frequently spread from ICUs to other clinical
areas (Morgan et al., 2000). Screening is cost-effective enabling early treat-
ment (Platt, 2001; Rubinovitch & Pittet, 2001), so all admissions to ICU
should routinely be screened for MRSA (nose, groin and throat swabs, CSU,
sputum and other relevant specimens, such as wound swabs).

MRSA usually spreads by hands of staff (Working Party Report, 1999),
with up to one-quarter being carriers (Haddadin et al., 2002), so using gloves
significantly reduces nosocomial infection.

MRSA infection is difficult and expensive to treat. Chlorhexidine reduces
surface colonisation, while many strains remain susceptible to vancomycin,
teicoplanin, rifampicin and fucfusidic acid, but these more aggressive anti-
biotics have more potent side-effects. Concern about vancomycin-resistant
Enterococci (VRE) may further limit vancomycin use. Topical tea tree oil may
also be effective (Caelli et al., 2000).

MRSA has developed epidemic strains (EMRSA), strains 15 and 16 being
most widespread, difficult to treat, and causing nearly all UK MRSA septicaemias
(Winter, 2005). Spread should be contained by

identifying infection (routine screening of all admissions)

collaboration with Infection Control departments

informing wards before discharge

thorough cleaning of bedareas and changing curtains, following discharge.
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Pseudomonas, an opportunistic organism, causes one-tenth of hospital
acquired infections (Thuong et al., 2003). It especially colonises moist envi-
ronments, such as washbasins (Berthelot et al., 2001). Human skin colonisa-
tion is brief, but highly pathogenic (Pittet & Boyce, 2001), and colonisation
of respiratory and urinary tracts frequently occurs (Bertrand et al., 2001).
Pseudomonas remains the single main cause of ventilator-associated pneumonia
(Thuong et al., 2003).

Vancomycin resistant Enterococci is increasing prevalent (Humphreys,
2001). Enterococci are intrinsically resistant to most antibiotics (Elliott &
Lambert, 1999), and can survive on surfaces for up to seven days
(Lueckenotte, 2000). Recent antibiotic research has largely been invested in
developing gram positive antibiotics, however, infection control measures
(especially hand hygiene and careful handling of antibiotics) remain the most
important way to prevent VRE spreading. VRE has been most problematic in
the USA (Michel & Gutmann, 1997) and Japan. Although currently rare in
Europe, in May 2000 one outbreak occurred in Utrecht (Ridwan et al., 2002),
and further spread is probably only a question of time.

Multi-resistant  Coliforms (e.g. Klebsiella, Enterobacter, Acinetobacter,
E. Coli). Although systemic infection from these is relatively rare, sepsis from
multi-resistant coliforms is difficult to treat, and effective antibiotics (e.g. col-
istrin) are relatively toxic. Patients infected with micro-organisms should be
isolated, and Infection Control involved with their management.

Fungal infection and mortality among critically ill patients is rising. The
most common fungal infection in the ICU is from candida spp. Fluconazole
remains the most widely used antifungal drug. ICU patients are especially
susceptible to oral and skinfold fungal infection, so maintaining hygiene
significantly reduces infection rates.

Controlling infection

Appropriate antibiotics should be prescribed by medical staff, usually on
advice from microbiology. Some hospitals rotate antibiotics, to limit develop-
ment of resistant micro-organisms, but this practice remains controversial.
Duration of treatment with antibiotics should be identified and clearly
recorded, usually on drug charts. Nurses should inform medical staff if pre-
scriptions are due for review. Some antibiotics have narrow therapeutic ranges
(e.g. gentomycin, vancomycin), so blood samples should be sent for assay
levels according to local protocols, and at the appropriate time before or after
antibiotic dose.

Around 20-235 per cent of ICU infections are catheter-related (Brun-Buisson,
2001). Many invasive procedures and treatments are unavoidable with critical
illness, but each may introduce infection into immunocompromised patients.
Nurses can usefully question whether some may be avoided: alternative routes
for drugs may be possible. Central lines remain the single main cause of noso-
comial septicaemia (Randolph, 1998), but are usually necessary for managing
critical illness. Many dressings and antibiotic-impregnated devices have been
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marketed to reduce infection, but evidence for efficacy is generally ambiguous
(Woeltje & Fraser, 1998), some increasing both infection and occlusion rates
(Wright et al., 2001). Total parenteral nutrition presents especially high infec-
tion risks, so should be given through dedicated lines (DOH, 2001c¢). Unused
cannulae (peripheral or central) create unnecessary risks, so should be
removed.

Hospitals and units often provide evidence-based guidelines for replacing
lines and equipment. Staff extending times beyond these or manufacturers’
recommendations may be legally liable (see Chapter 48). Insertion dates of all
invasive equipment should be clearly recorded.

Family and friends rarely move between patients, but staff can easily transfer
hospital pathogens (often resistant) between patients. Minimising movement
of staff between patients, use of gloves and no-touch technique significantly
reduce cross-infection, but should not be considered substitutes for hand
hygiene.

Moving equipment between patients can also spread infection. Where
dedicated equipment is not practical (e.g. portable X-ray, 12-lead ECG),
nurses should ensure any equipment touching patients is clean.

Airborne bacteria may be transmitted through

B dust
B airborne skin scales
B droplets.

Airborne infection is significantly reduced by use of in-line suction catheters
(see Chapter 5). Other ways to reduce airborne infection in ICU include

B planning higher-risk procedures at times of least disturbance

B careful disposal of linen (e.g. bringing linen skips/bags to bedsides, carefully
rolling linen inwards to trap skin scales)

B air-flow systems.

Hand hygiene remains the simplest, easiest, cheapest and most important way
to reduce transient colonisation (Pittet & Boyce, 2001) and hospital-acquired
infections (Woeltje & Fraser, 1998), but is often inadequately or poorly per-
formed. Washing often misses the parts most likely to touch patients — thumbs,
fingertips and backs of hands (Ayliffe et al., 2001), frequently observed with
handwashing outside hospital. The RCN (2005) described good techniques.
Hands should be dried thoroughly after washing as moisture, including wet
alcohol, facilitates bacterial growth. Hand hygiene compliance deteriorates
when workload increases, so maximising productivity in healthcare may
conflict with maintaining quality care (Humphreys, 2001). Nurses should
ensure all staff touching their patient have adequately washed their hands.
Alcohol rubs are generally better antimicrobials than soap and more
convenient (Girou et al., 2002; Girou, 2003), although some organisms, such as
C difficile, may survive alcohol rubs. Sufficient amounts should be dispensed (this
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varies between products), spread fully over hands and allowed to dry. Local
Infection Control departments can advise on the amount and time used for prod-
ucts. Wearing gloves is not an alternative to hand hygiene (Pittet & Boyce, 2001).

Most Trust uniform policies stimulate that nurses should not wear
wristwatches or rings on fingers (except wedding rings) as these can harbour
micro-organisms.

Anyone (staff or family) visiting any patient on ICU should clean their
hands before entering the unit. Alcohol rubs should be placed by each entrance
to the unit, with prominent signs informing people to prevent infection by
cleaning their hands.

Aprons reduce transmission of bacteria carried on staff clothing, while
reminding staff to wash their hands (associations with ‘gowning up’), so it
should be worn by anyone having patient contact. Using colour codes for each
bedspace encourages staff to change aprons and wash hands between patients,
and makes it visually obvious if they do not. Unfortunately, increased costs of
purchasing various aprons may encourage some Trusts to attempt inappropri-
ate, and counterproductive, short-term savings.

Clothing is a potential carrier of micro-organisms — Amyes and Thomson
(1995) cite one study where MRSA colonised 20 per cent of staff, but 82 per cent
of their clothes. Ideally clean uniforms should be worn each shift, and not
worn outside the unit. Washes at 71°C kill most micro-organisms (Parker,
2002), although not necessarily hepatitis B or VRE (Parker, 1999). Uniforms
should be laundered at the highest temperature material will stand (65°C for
at least 10 minutes, or 71°C for at least 3 minutes), then dried quickly and
thoroughly (McCulloch, 1998). Uniforms should not be washed with other
clothing (Callaghan, 1998) — most casual clothing cannot stand these temper-
ature (see labels on clothing), so home washes are usually considerably cooler
and seldom sterilise clothes. Hot air dryers may also be extensively contami-
nated with bacteria (Bruton, 1995), so home drying is probably inappropriate.
Ironically, concern about professional image is prompting some Trusts to
replace ‘scrubs’ with traditional uniforms, yet most Trusts supply insufficient
uniforms and lack laundry facilities (Nye ez al., 2005), encouraging staff to
wear uniforms for more than one day (Callaghan, 1998) and launder uniforms
(inadequately) at home. Staff from other areas in direct contact with patients
should be encouraged to either change into unit clothing or remove
jackets/coats worn outside the unit (before washing their hands).

Critical illness necessitates contact with many staff, but unnecessary staff
should be discouraged from visiting and movement of staff between beds min-
imised. Conflicts with educational needs, especially in teaching hospitals,
should be evaluated against risks to patients. Units should not be used as
corridors to other areas.

Inadequate staffing (quantity and quality) increases cross-infection (Vacca,
1999; Eggimann & Pittet, 2001; Humphreys, 2001) so managers responsible
for understaffing are also responsible for risks they create (Vincent, 2003).
Changing nurse: patient ratios from 1:1 to 1:2 increases central-line infection
risk by 60 per cent (Brun-Buisson, 2001).
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Although it is speculative and debated, gut bacterial translocation
probably causes sepsis, inflammatory responses and lung injury (Harkin
et al., 2001; MacFie, 2004). Selective digestive decontamination (SDD) can
prevent pathogen colonisation by routine use of selective, nonabsorbable
antibiotics. Despite many favourable, if often poorly designed (van
Nieuwenhoven et al., 2001), trials (e.g. Silvestri et al., 2001), SDD is not
widely used (Bion et al., 2001), has little influence on outcome (Woeltje and
Fraser, 1998), and is not recommended for routine use (Ewing & Torres,
2002). Prophylactic antibiotics may encourage antibiotic resistance
(Chastre, 2001).

B Hand hygiene should be carried out before and after each aspect of care,
and before approaching and after leaving each bedarea. \/
B Alcohol handrubs should be available at each bedarea, and be used before

and after any patient contact. Staff should know how much to use, and

how long it takes to dry. Some infections, such as C difficile, are resistant

to alcohol, necessitating handwashing.

B All taps should have elbow-operated levers at elbow height; taps should
not be turned on by hand.

B Towels dispensers should provide individual paper towels that will not
drape in moist sink units.

B  Nursing/medical documentation should include easily accessible flow
sheets of specimens sent and the results. Each entry should be dated and
signed.

B Equipment (e.g. Heat Moisture Exchangers) should be changed according
to manufacturer’s instructions (normally daily); catheter mounts should be
changed at the same time as humidifiers.

B Invasive techniques and disconnection of intravenous lines should,
when possible, avoid times of dust disturbance (e.g. floor cleaning, damp
dusting).

B Strict asepsis must be observed when breaking/bypassing normal
non-specific immune defences, such as when handling intravenous circuit,
treating open wounds, or procedures involving the trachea, stomach or
jejunum.

B Using prepacked intravenous additives (e.g. potassium) reduces
contamination risks.

B Clothing worn outside the ICU should be removed before approaching
patients.

B Adequate laundry facilities should be provided for staff to change
uniforms daily.

B Hospital infection control nurses and other specialists should be actively
involved in multidisciplinary teamwork.

B Colour coding bedareas (aprons, equipment) discourages inappropriate
movement between bedspaces.
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Summary

Infection incurs costs in human life, morbidity and budgets. Antibiotics and
other medical treatments can reduce morbidity and mortality, but preventing
infection is humanly (and financially) preferable. Problems from multiresistant
organisms are likely to escalate.

Hand hygiene remains the most important way to prevent infection. Hygiene
is helped by adequate and appropriate facilities, including accessible alcohol
handrubs, aprons and unit guidelines/protocols. All multidisciplinary team
members should be actively involved in making decisions, nurses having an espe-
cially valuable role in co-ordinating and controlling each patient’s environment.

Articles on infection control frequently appear in specialist and general journals.
Vincent (2003) reviews medical issues, while Platt (2001) and RCN (2005)
discuss MRSA. Journals specialising in infection control include Journal of
Hospital Infection and Infection Control and Hospital Epidemiology. The
DOH has issued guidelines on principles of infection control (DOH, 2001d)
and central line management (DOH, 2001c). There are many texts on
microbiology and infection control, including Ayliffe et al. (2001). www.
routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Nadeen Persad is a 32-year-old with chronic renal failure who was
successfully resuscitated following cardiopulmonary arrest. She requires
admission to the ICU for closer monitoring. An ICU doctor and nurse
(who is 4 months pregnant) go with appropriate transfer equipment to
retrieve the patient while an ICU bed is prepared for the admission. On
arrival to the ward, the ICU doctor and nurse are informed that Nadeen
has active pulmonary Tuberculosis and Acinetobacter in her diarrhoea.

Q.1 Consider the common transmission modes and pathogenicity of
Tuberculosis and Acinetobacter. Specify the infection control
precautions to be followed in order to minimise potential cross
transmission of the micro-organisms to other patients and staff
when transferring and admitting Nadeen to ICU.

Q.2 In addition to the prepared bed area, the ICU has two protective
isolation rooms available where airflow in one room is under positive
pressure and the other room is under negative pressure. Provide a
rationale for which area or room Nadeen should be admitted into.
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Q.3 Management of Nadeen’s infections focused on three main areas:

® Containment (e.g. screening of staff, visitors).

® Prevention of cross-transmission. (Exogenous: to other
patients, endogenous: other sites within Nadeen, min-
Imising vectors etc.)

® Eradication (specific antibiotics, administration routes etc).

Design a nursing care plan for Nadeen whilst on ICU
incorporating published Infection Control Guidelines, local
clinical guidelines and holistic nursing approach. Integrate
professional, psychosocial, psychological and physical
aspects into this plan.
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ETHICS

Introduction

Professional expectations (expected norms) are clarified in NMC publications,
especially the Code of Conduct (NMC, 2004). But making individual
decisions about individual aspects of patient care raises options and dilemmas,
which are not always resolved by codes. Ethics is about values. Applying ethics
to practice helps decision-making, it does not replace it.

Beauchamp and Childress (2001) identify four ethical principles:

autonomy
non-maleficence
beneficence
justice.

Ethical principles provide a framework to explore dilemmas, so decisions
should consider all four. There are many ethical theories, but three widely cited
ones are:

B duty-based
B goal-based
B rights-based.

Ethical theories identify different sets of beliefs; understanding our own and
others’ sets of beliefs (values) helps understanding differences.

This chapter includes some legal and professional perspectives. Unlike
ethics, these expectations can be enforced, so nurses should consider their
individual professional (and legal) accountability.

Meanings of ethics and morals vary. Literal translation of both is ‘norm’
(Greek = ethos, Latin = mores), but they have diffeent connotations. Many
(but not all) people interpret ‘ethics’ as applying to groups (e.g. nursing ethics),
whereas ‘morals’ implies individual and personal values. These interpretaions
are followed in this text, but some texts use the terms interchangeably.

Time ovut 1

Using a dictionary, jot down definitions of ‘ethics’ and ‘morals’.
Consider similarities and differences between these definitions.

How close are these definitions to your own understanding of the
terms?

Can ethics ever be immoral, or morals unethical? Why? Include
professional ethics/morals in your consideration. National ethics/morals
are supposedly represented by national law. So can laws be
immoral/unethical? Why?
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ICU = an ethical quagmire?

Ethical dilemmas in ICU are caused by

B cost/resource limitations
B technology
B values.

Healthcare costs and demand continue to increase more than budgets, making
rationing of resources inevitable. ICU is financially expensive (see Chapter 50),
so insufficient resources to meet demand too often causes refusal of admission,
postponed surgery, interhospital transfer or premature discharge. Applying
economics to healthcare makes many staff uncomfortable, but while decisions
should never be made solely on economic grounds, finance cannot be ignored
where resources remain finite. If economic decisions are not made by those
delivering care, they will be made by others.

ICU relies on technology to support and monitor physiological function.
Breathing and heartbeat can be replaced by technology, but may prolong dying
rather than prolong life. There is (arguably) a difference between living and
being alive (Rachels, 1986).

Decisions may be influenced by quality of life. This much-used term is value-
laden: what one person considers acceptable quality, another may not. Some
value preserving life at all costs, while others believe ‘nature’ should always take
its course. When faced with crises, people may change previously expressed opin-
ions. Nurses, patients and doctors view quality of care and patient satisfaction
differently (Shannon ez al., 2002), so should try to identify, and then respect,
patients’ wishes, rather than assume patients’ wishes will concur with their own.

Ethical principles

Avufonomy

Autonomy (‘self-rule’) is making free, informed choice. How far anyone fully
‘rules’ themselves is questionable. Impaired consciousness, debility and treat-
ments (e.g. intubation) severely limit the abilities of ICU patients to rule them-
selves; they are disempowered. ICU staff control information, their
environment and even basic physiological functions (including rest/sedation).
Disempowerment can be (literally) fatal (Seligman, 1975).

The NMC (2004) states that nurses must obtain consent before giving any
treatment or care. With unconscious patients this is clearly impractical, but
some conscious ICU patients suffer intracranial pathologies (e.g. encephalo-
pathy, hypoxia) or psychological problems (e.g. psychoses) that may prevent
them making informed decisions. Dimond (2001) suggests nurses should use
the common law power to act out of necessity in the best interests of mentally
incapacitated people. Booth (2002) questions whether patients can ever be
fully informed, and if not how much information is sufficient. Where possible,
nurses should help people make informed decisions.



Maintaining safety sometimes necessitates physical restraint, for example to
prevent self-extubation. However, force may exacerbate problems (Barr, 1996)
and could lead to civil actions for assault and imprisonment (Donaldson,
1997) and criminal liability under the Offences Against the Persons Act, 1961
(Stuart, 1996), so physical restraint should only be used as a last resort
(Watson, 2002). Ethical differences between physical and chemical restraints
are debateable.

Consent by relatives for mentally competent adults has no legal validity
(Dimond, 20035). Unfortunately many ICU patients cannot make informed
decisions, so are vulnerable. Decisions made by others, however well-intentioned,
may not always be in patients’ best interests. Nurses therefore have an
important role in advocating for, and protecting, their patients.

Consent for children under 18 years of age depends on age and other
criteria (Dimond, 2005). If competent, very young children may (legally) make
more profound decisions than older ones. Rights of children, and parents, can
therefore cause complex dilemmas. The BMA (1999) suggests that while
competent minors may consent to treatment, their refusal may be overturned.
ICU nurses caring for children should seek current advice from their paediatric
colleagues or other expert sources, such as hospitals’ legal advisors.

Actions in patients’ best interests may be condoned, but nonconsensual
touch (including any nursing/medical intervention without valid consent) is
technically an assault (McFadzean & Dexter, 1999). ‘Best interests’ may be
unclear: quality of life is subjective, so if values of patients and healthcare staff
differ, decisions made for unconscious patients (advocacy) may not reflect
patients’ best interest. Relatives’ opinions, while not legally binding, may pro-
vide insight into patients’ wishes, while building goodwill between relatives
and staff. However, relatives’ values may differ (Priestly, 1999), and extreme
stress/guilt can result from believing they are making ‘life or death’ decisions.

ICU nurses may care for patients recruited into research studies. In the UK,
approval for research involving people, including vulnerable populations, such
as critically ill or unconscious patients, necessitates approval by regional ethical
committees. When patients are unable to consent, usual current ethical require-
ments are that relatives give lack of objection, with patients being asked for
retrospective consent whenever possible. The Mental Capacity Bill, currently
being drafted, may make any research on incompetent patients illegal. The key
document for medical research ethics, the Declaration of Helsinki, adopts
deontological rather than utilitarian perspectives, stating that the well-being of
research subjects should take precedence over interests of science and society
(World Medical Association, 2000). Ironically, ethical rigour in research is
increasingly bypassed by labelling experiments ‘clinical trials’.

Advance directives (‘living wills’) state patients’ wishes for specific (stated)
treatments to be withheld (e.g. ventilation). Case law has established Advance
Directives as legally binding in the UK (DOH, 2001e). Advance directives
must necessarily anticipate situations before they occur, but wishes may have
changed since writing the ‘will’ (although this would not affect validity of a
last will and testament). Nurses finding evidence of an advance directive

ETHICS
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(possibly through discussions with relatives) should alert unit managers and
the multidisciplinary team.

Nonmaleficence

Not doing harm, fundamental to healthcare since the Hippocratic Oath, is
restated in Nightingale’s (1859/1980) Notes on Nursing, Roper et al.’s (1996)
first (and presumably primary) activity of living and the Code of Conduct
(NMC, 2004). In law, proven harm is more culpable than failing to do good.

Healthcare exposes patients to potential harm, such as fear, pain, compli-
cations and nosocomial infection. ICU patients unable to express their own
wishes are vulnerable to (unintentional) harm. Benefits and risks from
pulmonary artery catheters have been much debated, the UK generally viewing
risks as not being justified (harmful), whereas the USA and some other
countries consider them beneficial.

Time ovut 2

List equipment available in your ICU. Which do you consider ordinary,
and which extraordinary? How would you feel about removing
equipment in the extraordinary list from dying patients? Discuss this
with some colleagues.

Time out 3

If your unit has an information book for bereaved relatives, read through
it. If you consider further information should be added to it, discuss this
with your unit manager. If your unit does not produce a booklet, contact
the hospital’s patient’s officer and find what is available locally. Your
local branch of CRUSE may also be able to provide information.

Beneficence

Doing good (beneficence) underlies Clause 2 of nurses’ Code of Conduct
(NMC, 2004), but ‘good’ is relative and value-laden, and may cause harm.
Telling the truth is often considered good, but if truth may distress confused
people, others may consider ‘white lies” a greater good. Relatives should be
denied information that breaches duty of confidentiality, the ‘good’ to patients
over-riding any ‘good’ to their relatives.

Where possible, patients should participate in decisions, but with many ICU
patients this is not possible. When survival becomes doubtful, decisions of
which life-supporting treatments to withdraw/withhold raises dilemmas.



Values may differ between nurses, other professions, patients and families.
Nurse advocacy aims to do good, but what is ‘good’ remains subjective.

Harm and good can co-exist: double effect. If relieving pain is good, but
killing is harmful, morphine can both do good (relieve pain) and harm (kill).
Pope Pius XII ruled that actions (e.g. giving morphine) should be judged by
primary and secondary intentions (Rachels, 1986). If the primary intention is
to relieve pain, then undesirable effects of hastening death may be acceptable,
whereas giving morphine with the primary intention of hastening death is
active euthanasia, a criminal offence in the UK. If in any doubt about patients’
comfort, pain relief should be provided (BMA, 2002).

If life is sacrosanct, then death becomes the greatest possible harm, but if
death is preferable to continued suffering, then life support can be harmful.
Harm (quality of life) is therefore individual, unpredictable and debateable. For
patients, the quality of their death is important (Curtis, 1998). Where progno-
sis is unacceptably poor, withdrawing or withholding active treatment, includ-
ing cardiopulmonary resuscitation, is humane and beneficent. Hospitals have
detailed policies and guidelines for designating patients ‘not for cardiopul-
monary resuscitation’, so readers should be familiar with their local policies.

There is no legal or moral difference between withholding and withdraw-
ing treatment (BMA, 2002). Death of critically ill patients usually follows
within hours of decisions to withdraw (Hall & Rocker, 2000), but methods of
withdrawing vary between doctors, individual patients and (sometimes)
according to bed demand (Ravenscroft & Bell, 2000). Most ICUs stop sup-
plementary oxygen, inotropes and haemofiltration, but maintain ventilation.
Roman Catholic theology distinguishes ordinary from extraordinary interven-
tions (Rachels, 1986): ordinary (‘natural’’*God-given’) must be preserved, but
extraordinary (created by humans, so unnatural) interventions may be
withdrawn. Ventilators replace breathing, a natural function, so may be ‘ordi-
nary’, whereas drugs (e.g. inotropes) may not. The House of Lords (1993)
ruled nasogastric tubes were ‘extraordinary’, creating an apparent absurdity of
nasogastric tubes being extraordinary, while ventilators are ordinary. When
active treatment is withdrawn, palliative care should continue, including main-
taining comfort and fundamental care. Each team member has to live with
their own conscience, so decisions should be humane, and reflect consensus of
the whole team.

Euthanasia (‘good death’) presumes life is no longer preferable to death, so
treatment becomes harmful, ‘mercy killing’ (active euthanasia) or ‘letting
die’ (passive euthanasia) becomes beneficent. Active euthanasia is illegal
(murder) in the UK (and most nations), and despite some calls for its legalisa-
tion, such as Doyal’s (2001) BM]J editorial, is likely to remain illegal in
the UK. In Oregon, USA, where active euthanasia is legal, half of the
patients who requested euthanasia changed their minds, incidence being
especially high among those with symptoms of depression (Emmanuel
et al., 2000). The high incidence of acute psychoses among ICU patients
would make this an especially vulnerable group if euthanasia were to be
legalised in the UK.

ETHICS
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Justice

Justice carries connotations of

B retribution/punishment
B fairness.

Denying treatment to one group of patients (e.g. cardiac surgery to current
smokers) may be viewed as punishment for their deliberate actions. But limited
resources necessitates rationing, which should attempt fairness. But fairness is
subjective — those denied access usually consider injustice has been performed.

NHS rationing largely adopts the “first come first served’ principle; private
healthcare tends to ration by ability to pay. But healthcare professionals
normally wish to be fair, so when demand on ICU beds exceeds, decisions may
be made to discharge/transfer prematurely, or set earlier time-limits on active
treatments. Budgetary and political pressures may conflict with nurses’ duty of
care and their own values of fairness.

Duty

Goal

Duty-based theory (deontology) develops Kant’s belief that people are an end
in themselves, not the means to an end. These values are reflected in nursing
by respect for individuals and duty of care.

These apparently laudable aims can create dilemmas:

B Nursing is learnt through clinical practice, so patient care (means) is a
learning experience (end) for the nurse.

B Nurses caring for two patients (e.g. covering breaks) may have to choose
between two conflicting duties of care.

B How far does (moral) duty of care extend? Refusing admission because
beds are unavailable means denying care.

B Whether nurses who have not completed care (e.g. nursing records) when
shifts end should work (usually unpaid overtime) to complete their duty
of care?

Goal-based (utilitarian, consequentialist) theory supports actions that achieve
desired goals — ‘the end justifies the means’ or ‘the greatest good for the
greatest number’. This could justify rationing services that do not meet the
needs of the majority, and arguably underlies nearly every healthcare macro
reorganisation.

At micro level, goal-based ethics is not widely used in the UK. It can
disadvantage minorities simply because they are minorities. The recent Alder
Hey scandal, where organs were retrieved from children without consent may



have been motivated by utilitarian ethics (or may have been simple system
error). For the ICU, utilitarianism could justify closure, as compared with
most specialities, ICU costs per patient are disproportionately large.

The right of one person necessarily imposes a duty on another person, so nurse
advocacy may be a consequential duty of patients’ rights. But rights of two dif-
ferent people may conflict. Many units have afternoon rest periods. While
afternoon rest benefits many, some patients remain awake and bored through-
out the rest period. Claiming to uphold others’ rights (e.g. nurse advocacy)
may be used for paternalistic or other ends.

Ethical principles and theories provide frameworks for reflection.

Each nurse should clarify their own values and beliefs, considering their

ethical contexts, and apply ethical frameworks to help guide their practice.

B Ethical dilemmas seldom have absolute answers, but ethics can help nurses
justify professional decisions, recognising that different ethical beliefs may
result in differing conclusions.

B Advance directives (‘living wills’) are legally binding for opting out of, but

not into, treatments.

Where possible and appropriate, patient choice should be empowered.

When paternalistic decisions are necessary, they should be guided by

patients’ best interests.

B Practice raises various ethical dilemmas; informal discussion can be

cathartic, while ethical forums (preferably multidisciplinary) can diffuse

conflict and contribute to professional (and unit) development.

ETHICS

Rights

Summary

Ethics is about understanding values and justifying decision-making. The
ethical principles and theories outlined in this chapter provide frameworks for
considering dilemmas raised in later chapters or through practice. Various
dilemmas have been (briefly) raised; each can be pursued through the wide
range of texts and articles on ethics. But ethics should be used to guide
practice, not stored on library shelves. Readers are therefore encouraged to
consider and discuss ethical dilemmas with colleagues.

Useful books on ethics include Beauchamp and Childress (2001) biomedical
text, Tschudin’s (2003) nursing text and Draper and Scott’s (2004) intensive
care focused book. There are nursing and medical journals devoted to ethical
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issues, but other journals frequently include ethics. Dimond (2005) remains
the key text on nursing and the law.

Authorities such as the World Health Organisation, Department of
Health, and professional bodies, have issued important guidelines and ethical
requirements, such as The Declaration of Helsinki (World Medical
Association, 2000), and DOH (2001a, 2001b). www.routledge.com/
textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

John, a 65-year-old business man and long-term ICU patient, is
dependant on invasive ventilatory support and vasoactive drugs. He is
the most stable ICU patient on a day when the ICU is full and another
ward patient requires admission following their successful cardiopulmonary
resuscitation. A decision is made to transfer John to an ICU in another
hospital in order to admit the more critically ill patient. John and his
relatives refuse to be transferred.

Q.1 Which ethical principle guided the decision to transfer John?

Q.2 Can John (or his relatives) override this decision?

Q.3 Identify other ethical principles involved and any ethical conflicts
(e.g. with John’s autonomy, non-maleficence, consent, justice,
resource distribution, Code of Professional Conduct).

Q.4 Compare your ethical understanding and moral reasoning with
that of other members of the interdisciplinary team (e.g. other
grades, doctors) and legal department of your hospital.
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MONITORING

Visval

Traditional nursing observations of respiratory rate and depth are extended in the
ICU by visual and aural observation of ventilation. This Chapter assumes famil-
iarity with simpler respiratory observations; ventilator settings are discussed in
Chapter 4 and arterial blood gas analysis in Chapter 19. Lung function tests, such
as spirometry and forced expiratory volume, which have little value for most ICU
patients, are not discussed, but may occasionally be used when assessing patients
receiving noninvasive ventilation, especially for COPD. This chapter mainly
describes technological monitoring used by nurses. Means used by other profes-
sions (e.g. chest X-rays, imaging, bronchoscopy) are not discussed. Whatever the
means used, all procedures should be explained to patients.

Much information is gathered from machines, which may have ‘acceptable’
error margins of 5-10 per cent. Isolated figures mean little. Trends should be
assessed, and interpreted holistically, in the context of individual patients.

Respiratory history is usually gained from individual handover and
interdisciplinary notes — medical, nursing, physiotherapy. Additional valuable
fundamental information can be gained visually:

B Skin colour and texture (and any clamminess) indicates perfusion —
especially lips and tongue.

Finger clubbing and abnormal chest shape indicate chronic problems.
Accessory muscle use indicates respiratory distress.

Shallow breathing may reflect reduced demand, but with tachypnoea
indicates other problems — possibilities include pain or limited airflow.
Unequal chest wall movement — causes should be investigated, but could
include pneumothorax.

Other signs of respiratory problem include

B inability to complete sentences without pausing for breath

B sudden confusion — more often caused by hypoxia than nonrespiratory
factors

B cyanosis — a late sign, appearing only with desturation <85-90 per cent,
and not appearing with severe anaemia (<3-5 g/dl (Lumb 2000;
Darovic, 2002a)).

Cough reflex (e.g. on suction) may be lost with deep unconsciousness, but most
ICU patients retain some (weakened) cough reflex. Coughs may be productive
or unproductive. Unproductive coughs may be caused by absence of anything
in airways to clear or insufficient force. If extubated, ability to cough effectively
could be assessed by peak flow — below 160 litres/minute usually indicates
insufficiency. Coughing should be assessed and observations recorded.



RESPIRATORY MONITORING

Table 17.1 Sputum colour - possible causes

Colour Possible cause
Black Tar (cigarette smoking)
Old blood

Coal (in ex-miners)
Smoke inhalation (rescued from fires)

Pink Fresh blood (Frothy pink sputum often
indicates pulmonary oedema)

Cream, green Infection

Yellow Infection

Allergy (e.g. asthma)

Sputum should be observed for

B volume

B colour (see Table 17.1)

B consistency (e.g. frothy, tenacious, watery)
B purulence

B  haemoptysis.

If specimens are required, these should be collected and sent without delay.
Observations (including frequency of suction) should be recorded.

Tactile

Movement of sputum in larger airways can create vibration on the chest wall,
which may be felt by placing a flat hand palm-down across the sternum (‘tactile
crepitations’). Although not as reliable as auscultation, this can quickly identify
need for suction, but if no vibration is felt, lungs fields should be auscultated.

Avuscultation

Breath sounds are created by air turbulence, and are useful to assess

B intubation (bilateral air entry)

B bronchial patency/bronchospasm
B secretions

B effect of suction (before and after).

Breath sounds should be assessed at the start of each shift. Stethoscopes are
usually best placed over

B right and left main bronchi
B  mid-lobe (usually just to the side of the nipple)
B bases of lungs (front, side or back).
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M Figure 17.1 Auscultation sites for breath sounds (anterior chest wall)

comparing sounds from both lungs (see Figure 17.1). All sounds are created in
bronchioles but transmitted and dulled through lower airways. Chest (and
abdominal) sounds can be deceptive, so should not be absolutely relied upon.

Sounds may be normal, abnormal, diminished or absent. Abnormal sounds

may be heard on inspiration, expiration, or on both phases, so having identi-
fied abnormal sounds, nurses should listen to further breaths to identify on
which phases sounds occur. Names of sounds vary between texts (Wilkins
et al., 2004), but normal sounds are often called:

bronchial: high pitched, loud, air blowing through a tube (the trachea)
bronchovesicular: medium pitch, heard at lung apices

vesicular: low pitch and volume, like rustling wind, heard in most parts of
lungs.

Abnormal sounds include

stridor: monophonic inspiratory wheezes from severe laryngeal or tracheal
obstruction

wheeze (rhonchi): obstruction of lower airways. Inspiratory wheezes
indicate constant obstruction (e.g. COPD), whereas expiratory wheezes
indicate bronchospasm

crackle (rales, crepitations): abnormal fluid may in airways (e.g. mucous)
or interstitial spaces (e.g. pulmonary oedema)

pleural rub: grating sound caused by friction between inflamed pleural
surfaces from pleural disease (e.g. pneumonia, pleurisy).

Absent sound may indicate absent airflow:

obstruction (sputum plug)
pneumothorax
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B atelectasis
B emphysema.

or lack of transmission to the chest wall (e.g. obesity, small tidal volume,
pleural effusion, pneumothorax).
Artefactual sounds include

heartbeat

gut movement

clothing

friction of stethoscope against equipment (e.g. cotsides)
chest hair (crackles)

airflow in special beds.

Interpreting breath sounds is a skill. Listening to healthy lungs (your own) is
an essential baseline. Readers unfamiliar with listening to abnormal breath
sounds should ask a respiratory physiotherapist or other expert to auscultate
with them. Recordings of breath sounds (see further reading) are also valuable.

Breath waveform

Figure 17.2 shows a normal self-ventilated breath waveform. Each breath has
three active phases:

B inspiration
B inspiratory hold (or ‘plateau’)
B expiration.

15 o Plateau
>

<«— |Inspiraton ——> < Expiration—>

cmH,0 pressure

-5 -

Time

M Figure 17.2 Normal (self-ventilating) breath waveform
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A fourth phase is passive:
B expiratory hold.

Inspiration affects, and is affected by, bronchial muscle stretch; patients with
chronic obstructive pulmonary disease cannot fully dilate bronchi during short
inspiratory time. Most gas exchange occurs during plateau (peak inflation
pressure). Expiration is passive recoil; short expiration time of muscle spasm
(asthma) causes gas trapping (and distress).

Positive-pressure ventilation creates slightly different patterns, which can be
manipulated to optimise ventilation. Waveform displays (available on most
ventilators) indicate effectiveness of modes and settings (Branson, 2005), so
enabling changes to

maximise volume while minimising peak inflation pressure
reduce work of breathing

reverse atelectasis (recruit alveoli)

improve lung compliance.

Waveform displays compare two variables, such as

B flow:time
B pressure:time
B pressure:volume (see Figure 17.3).

Pressure:volume loops indicate compliance. Flow:time graphs show triggering
below the baseline. This should then be followed by rising inspiratory flow
(above the baseline). Triggers without inspiratory flow indicate wasted work
of breathing. Expiratory flow on flow:time graphs normally returns below the

Plateau

- Expiration /

Inspiration

Volume

T T T T 1
Pressure

M Figure 17.3 Pressure:volume (hysteresis) graph
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baseline; if above, gas-trapping is occurring. Manufacturers’ booklets often
provide usefully illustrated guides to what is available, and readers not familiar
with observing waveforms should set up a ventilator circuit with a test lung,
viewing various modes, and manipulating the test lung to mimic coughs, a
triggered breath and resistance.

Waveforms are affected by ventilator settings and modes. For example,
pressure controlled modes make pressure waveforms peak at preset pressures,
regardless of what happens in airways (e.g. sputum plug, biting tube).

Indexed measurements

Attempts to rationalise and weaning have encouraged quantification of
respiratory function, usually indexed to patient size. Two examples are
Oxygen Index (OI)

~ FiO, X MAP X 100
- P302

and Rapid Shallow Breathing Index (RSBi)

respiratory rate (f)

* tidal volume (V) in litres

Advocates claim oxygen index > 26 or RSBi < 100 indicates likely successful
weaning, but reliability of either measurement remains unclear.

Pulse oximetry

Pulse oximetry indicates peripheral (capillary) saturation of haemoglobin
by oxygen (SpO,). In health, peripheral and arterial saturations are within
2 per cent (Jensen et al., 1998), making SpO, and SaO, practically identical.

Pulse oximetry is noninvasive and continuous, so is a useful means to
monitor oxygenation. However, oximetry measures saturation of haemoglobin —
the oxygen stored in the haemoglobin ‘bank’. Because oxygen dissociation
from haemoglobin is complex, the relationship between SO, and partial
pressure of oxygen in arterial blood (PaO,) varies — see the oxygen dissociation
curve in Chapter 18. While most arterial oxygen is transported by haemoglobin,
the little dissolved in plasma is immediately available for diffusion. As PaO,
determines oxygen transfer into tissues, oximetry seldom substitutes for
arterial blood gas analysis in critically ill patients.

Limitations of oximetry include

B poor perfusion: pulse oximetry calculates saturation by measuring light
absorption through a finger or other tissue. Only 2 per cent of total light
absorption is by blood, so poor blood flow causes unreliable signals
(‘noisy signal’). Most oximeters in the ICU show capillary pulse waveforms
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(plethysmograph or ‘pleth’), which should reflect arterial pulses. Poor
waveforms indicate insufficient signal (blood supply), probably making
readings spurious. Repositioning probes, or warming peripheries, may
improve accuracy

anaemia: oximetry measures percentage saturation of haemoglobin, not
quantity of haemoglobin, or oxygen, available. Saturation should always
be interpreted relation to haemoglobin levels

haemoglobinopathies: although detecting problems with oxygen carriage,
oximetry cannot identify causes; laboratory analysis and other clinical
signs remain necessary to fully assess respiratory pathophysiology

carbon monoxide saturates haemoglobin, making it bright red, allowing
transmission of more light across the finger. Normally little or no carbon
monoxide (0-2 per cent) is either present in air or produced by the body.
Carboxyhaemoglobin levels above 3 per cent cause over-reading (Jensen
et al., 1998). Peripheral oximetry is unreliable with carbon monoxide
poisoning (smoke inhalation, car-exhaust inhalation, faulty gas appliances,
tobacco inhalation). Blood gas analysers use many more colours than oxime-
ters, so blood gas analysis saturation is reliable with carboxyhaemoglobin
hypercapnia: oximetry does not measure carbon dioxide. Carbon dioxide
can be assessed by blood gas analysis, end-tidal carbon dioxide and
depth/rate of breathing

shivering prevents clear signals, so causing low, or no, readings

dark colours either on the skin (e.g. skin colour, nail varnish) or in blood
(e.g. bilirubinaemia), absorb more red light, causing under-readings of 3-5
per cent (Wahr & Tremper, 1996). Trends remain constant, but patients’
saturation may be slightly higher than what oximeters indicate (blood gas
analyser saturation is more accurate)

intravenous dyes are usually used to show arteries (blue dyes) or veins (red
dyes). Blue dyes absorb more red light, so cause oximetry under-readings,
while red dyes transmit more red light, causing over-readings.
Methylthioninium chloride (formerly called ‘methylene blue’ in the UK) is
a widely used contrast. Dye half-life indicates how long dyes may affect
readings. Intravenous dyes may be metabolised relatively quickly, and so
cause unreliable trends due to diminishing effect

external light, if detected by the light sensor, can affect readings, red (e.g.
sunlight) causing over-readings, and blue (e.g. florescent) causing under-
readings. These can affect probes on ears — finger probes are contoured for
fingers, not ears, and ear probes lack light shields. Shielding ear probes
from light may give lower, more accurate, results

low level accuracy: accuracy below SpO, of 80 per cent remains unproven
on most machines. Such dangerously low levels should necessitate urgent
arterial blood gas analysis rather than esoteric discussion about accuracy
burns: a Medical Devices Agency (MDA, 2001) safety notice instructs

® tape should not be used to hold probes in place (unless recommended
by manufacturers)
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® probes should be checked and resited at least every four hours, or
more frequently if indicated by manufacturer’s recommendations or
patients’ circulatory status and/or skin integrity.

As readings would normally be recorded hourly, it seems sensible to change
sites with each recording site used on observation charts.

Capnography

End-tidal carbon dioxide (PECO,/PETCOQO,) enables continuous noninvasive
breath-by-breath monitoring of expired concentrations, end-tidal approximat-
ing to residual alveoli levels. Comparing arterial and end-tidal carbon dioxide
indicates dead-space. PECO, is usually <1 kPa below arterial tensions
(Capovilla ef al., 2000), but ratios between expired and mixed venous carbon
dioxide diminish as deadspace increases (V/Q mismatch).

Capnography increases deadspace, and expired carbon dioxide seldom fully
reflects alveolar concentrations or function, but where carbon dioxide causes
particular concern (e.g. inverse ratio ventilation, permissive hypercapnia, head
injury, high frequency ventilation and other alternative modes) it may show
useful trends.

Maciel et al. (2004) found sublingual PCO2 ( Py4CO,) reliable.

B Information should be interpreted holistically — in the context of other
relevant observations, underlying disease and treatments.

B Respiratory monitoring should meet clinical needs while minimising risks,
where appropriate noninvasive or minimally invasive modes should be
selected.

B ICU nurses should undertake visual, tactile and auscultatory respiratory
assessment on all patients.

® ICU nurses should recognise different breath sounds, recording and
reporting any changes.
® Cough reflex and strength should be assessed.

B Ventilator waveform display indicates airway response to ventilation,
enabling optimal adjustment of settings.

B DPulse oximetry provides continuous information about haemoglobin
saturation by oxygen, but does not measure

@ oxygen carrying capacity (Hb)
® carbon dioxide

and may be affected by other factors.
B Oximeter probes should be moved frequently, usually 1-2 hourly.
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B Poor (‘damp’) waveforms on pulse oximetry or capnography indicate
readings are probably unreliable.

B Spirometry and vital capacity assessment may be useful with noninvasive
ventilation and extubated patients, especially if they have COPD. Low
peak flow (<160 litres/minute) and vital capacity (<2.5 litres) indicate
poor respiratory function and probable inability to cough effectively.

Summary

Respiratory monitoring is fundamental to intensive care. Much can be
assessed nonOinvasively, by listening and looking. Ventilators provide much
information, especially if waveforms are displayed. Readers should take early
opportunities to become familiar with available means of respiratory moni-
toring on their units. Whatever means is used, observations can only be as
reliable as those making and interpreting the observations. ICU nurses there-
fore should understand the physiology and mechanics of lung function and
pathophysiology. Respiratory monitoring is therefore fundamental to care
underlying many of the pathologies discussed in the third section of this book.

Further reading

Most texts describe widely used methods of monitoring. Classic texts include
Lumb’s (2000) respiratory physiology, and Darovic’s (2002a) haemodynamic
monitoring (including a chapter on respiratory assessment). Wilkins et al.
(2004) describe lung sounds, providing a useful accompanying CD. Law
(2000) provides a useful guide to assessing sputum. Articles on oximetry, such
as Fox (2002) and Allen (2004) periodically appear in nursing journals.

For readers seeking information about tests not described here, useful pocket
books include Dakin ez al. (2003) on lung function tests, and Corne et al. (2002)
or Jenkins (2005) on X-rays. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Kathleen Fogarty is a 58-year-old lady who was admitted to the ICU for
mechanical ventilation to support deteriorating respiratory function. The
cause of her recent deterioration is unknown, but possible diagnoses include
bronchospasm, basal pneumonia or aspiration of upper airway secretions.

Kathleen has a visible and widespread drug-related erythematous
rash, worse at extremities and extensive oral ulcerations. Kathleen’s spu-
tum is thick, mucopurulent, yellow-green and copious. On auscultation,
she has expiratory phase and late expiratory wheeze, vesicular breath
sounds are diminished in apices and crackles in right base. Kathleen’s
E1CO,; is 6.5 kPa and SpO,: 94 per cent.
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Identify and interpret Kathleen’s abnormal lung sounds; explain
their relevance to other results and her recent deterioration.
Review additional investigations or monitoring required to fully
assess Kathleen’s respiratory function.

Evaluate the nurse’s role with respiratory monitoring in your own
clinical area. Consider the range of monitoring approaches
available and the nurse’s role in interpreting and acting on results,
troubleshooting, training and supervising.
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Studying physiology and pathology necessitates reductionism, but body
systems function as parts of the whole body, not in isolation. Cardiovascular
and respiratory functions are particularly closely interdependent: delivering
oxygen and nutrients to tissues, while removing carbon dioxide and other
waste. Respiration should achieve adequate tissue oxygenation, so gas move-
ment across lung membranes forms external respiration, gas movement
between tissue cells and capillaries forms internal respiration.

This chapter explores internal respiration, identifying various factors that
affect tissue perfusion and oxygenation. The structure of haemoglobin, and its
effect on oxygen carriage and the oxygen saturation curve are identified.
Carbon dioxide carriage and some haemoglobinopathies (carbon monoxide
poisoning, sickle cell, thalassaemia) are also discussed.

Fraction of inspired oxygen (FiO,) should be expressed as a fraction
(or decimal). So 100 per cent oxygen = FiO, of 1.0 (not 100).

Transfer of gases across capillary membranes is determined by pressure
gradients, so differences between partial pressure of intracellular and capillary
oxygen levels determine tissue oxygenation. Partial pressure of arterial oxygen
(Pa0,) therefore indicates oxygen available for diffusion to cells.

Air is approximately 21 per cent oxygen and 79 per cent nitrogen, with
negligible amounts of other gases — only 0.04 per cent is carbon dioxide.
Barometric, and so alveolar, pressure (at sea level) is 101.3 kPa. Total
atmospheric pressure includes water vapour. At 37°C (i.e. normal alveolar
temperature) water vapour exerts a constant pressure of 6.3 kPa, irrespective
of total barometric pressure. Pressure of all gases is the difference between total
barometric pressure and water vapour. This is then divided proportionally
between the different gases (see Table 18.1).

Alveolar gas tensions are altered by rebreathing ‘deadspace’ gas, relatively
carbon dioxide rich and oxygen poor. Physiological adult deadspace is about
150 ml, with additional pathological deadspace when alveoli are not perfused.
Artificial ventilation deadspace begins at the inspiratory limb (Y’ connector)

Table 18.1 Partial pressures of gases at sea level (approximate)

Concentration in Pressure in Pressure in

air (%) air (kPa) alveoli® (kPa)
Water vapour variable® 6.3
Oxygen 21 21.27 13.3
Carbon dioxide 0.03 0.03 5.3
Nitrogen /9 80 76.4

Notes:
@ Warmed to 37°C, hence constant water vapour
b Depends on temperature
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of ventilator tubing. Small breaths or large deadspace therefore lower alveolar
partial pressure of oxygen (PO,).

Oxygen carriage

Oxygen is carried by blood in two ways:

B plasma (3 per cent)
B  haemoglobin (97 per cent).

At normal (sea-level) atmospheric pressure 3 ml of oxygen is dissolved in every
litre of blood, so an average 5 | circulation would contain 15 ml of oxygen,
insufficient to maintain life. When haemoglobin oxygen carriage is prevented
(e.g. carbon monoxide poisoning), increasing atmospheric pressure (hyper-
baric oxygen) increases plasma carriage, enabling therapeutic levels to be
achieved. Oxygen tension in plasma determines partial pressure (PO,), the
pressure gradient that enables transfer of oxygen to tissues.
Tissue oxygen supply is affected by

haemoglobin level

oxygen saturation of haemoglobin
oxygen dissociation

perfusion pressure.

Perfusion pressure is discussed in other chapters.

Haemoglobin

Erythrocytes are mainly haemoglobin. Erythrocyte diameter averages
7 nanometers (nm), just smaller than capillaries (8-10 nm). This places
haemoglobin, and oxygen, close to capillary walls. Unlike carbon dioxide,
oxygen is not a very soluble gas, so minimising distance between haemoglobin
and cells outside capillaries optimises oxygen delivery to cells.

Haemoglobin (Hb) combines haem (iron) and globin (polypeptide protein).
‘Normal® levels are 14-18 g/dl for men and 12-16 g/dl for women, but
while lower concentrations reduce oxygen carrying capacity, haemodilution
improves perfusion (oxygen delivery), so survival from critical illness is
highest when haemoglobin is 7-9 g/dl (Herbert et al., 1999), although
specific groups, such as older people, may benefit from higher levels (Boralessa
et al., 2003).

Polypeptides of normal adult haemoglobin (HbA) consist of two alpha and
two beta chains: «, + B,. Slight biochemical differences between alpha and
beta chains are insignificant for clinical nursing, but abnormalities of either
chain can cause pathologies. Haemoglobin has a high affinity for oxygen. If all
four limbs of the molecule carry oxygen, it is described as fully (100 per cent)
saturated. Normal arterial (SaO,) or capillary (peripheral — SpO,) saturation
is about 97 per cent.
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Table 18.2 Some factors affecting oxygen dissociation

Curve shifts to right (increased oxygen dissociation from haemoglobin) with
B increased temperature

B acidosis [pH) — the Bohr effect

B increased CO,

B increased 2,3 DPG [diphosphoglycerate].

Curve shifts to left (decreased oxygen dissociation from haemoglobin) with
reduced femperature

alkalosis

[some) haemoglobinopathies (e.g. HbF)

carbon monoxide

decreased CO,

decreased 2,3 DPG (diphosphoglycerate).

While haemoglobin transports oxygen efficiently, its high affinity for
oxygen limits dissociation: only 20-25 per cent of available oxygen normally
unloads, making normal venous saturations (SvO,) 70-75 per cent. This large
venous reserve can provide oxygen without any increase in respiration rate or
cardiac output. While SaO, indicates oxygen availability, the SaO,-SvO,
gradient indicates tissue uptake (consumption) of oxygen.

Intracellular changes in haemoglobin molecules can change (‘shift’)
oxyhaemoglobin dissociation. Shifts to the left reduce, while shifts to the right
increase, dissociation (see Table 18.2). For example, reduced dissociation with
alkalosis may cause low PaO, and oxygen delivery to tissue, despite high SpO,.

Foetal haemoglobin (HbF) resembles haemoglobin A, except that gamma
(7y) chains replace beta and 2,3 DPG (diphosphoglycerate) concentrations are
higher. Gamma chains increase affinity for oxygen, facilitating transfer from
maternal blood (HbA). By 6 months of age, 96 per cent of haemoglobin is
normally adult haemoglobin (HbA) (Lloyd & Lewis, 1999), but foetal haemo-
globin can (abnormally) persist throughout life, predisposing its carrier to
tissue hypoxia. Other haemoglobinopathies are discussed later.

Other measurements that are useful to some diseases include

B O2HBb: fraction of total haemoglobin combined with oxygen

B MetHb (methaemoglobin): oxidised iron (Fe™**) in haemoglobin reduces
oxygen carriage. Normally methaemoglobin is <2 per cent. Nitric oxide
can cause methaemoglobin, but this is rarely used now

B RHb: reduced or deoxygenated haemoglobin, usually associated with
blood transfusions.

Oxygen dissociation curve

Saturation of haemoglobin by oxygen SO, and partial pressure of oxygen
(PO,) measure different aspects of oxygen carriage — comparable to differences
between money in bank accounts (haemoglobin — SaO,) and ready cash
(plasma — PaQ,). Because dissociation of oxygen from haemoglobin changes,
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relationship between SaO, and PaO, varies, represented by the oxygen disso-
ciation curve (see Figure 18.1). On the plateau (SaO, > 95 per cent), oxygen
readily dissociates from haemoglobin, causing marked changes in PaO, with
little/no change in SaO,. Below the ‘venous point’ (75 per cent saturation),
Sa0, falls rapidly while PaO, hardly changes.

The purpose of respiratory function is to supply tissue cells with sufficient
oxygen to enable aerobic metabolism in mitochondria. Measuring mitochon-
drial respiration is not practical, so cruder parameters (e.g. arterial gas ten-
sions) are measured instead. However, measured parameters only partly
indicate delivery of oxygen to cells, and removal of carbon dioxide.

Partial pressures of oxygen progressively fall with further stages of internal
respiration: capillary pressure of 6.8 kPa gives tissue pressure of 2.7 kPa, and
mitochondrial pressure of 0.13-1.3 kPa. Conversely, intracellular carbon
dioxide tensions are higher. Relative differences in pressures create the
concentration gradient that enables diffusion across capillary and cell mem-
branes. Reduced alveolar partial pressure (from respiratory failure) reflects
proportional reductions in tensions elsewhere, resulting in tissue hypoxia.
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Supplementary oxygen increases alveolar tensions, proportionally increasing
tensions elsewhere.

Oxygen debt

In hypoxic conditions, oxygen and glycogen are withdrawn from haemoglobin
and myoglobin (muscles), creating a ‘debt’ that is normally repaid once high
oxygen demand ceases. So after completing strenuous exercise we continue
to breathe deeply. Anaerobic metabolism for intracellular ATP production
produces lactic acid.

Prolonged critical illness can cause cumulative oxygen debt which,
with recovery, flushes toxic acids and cytokines into the circulation, causing
potential reperfusion injury (see Chapter 24).

Oxygen toxicity

Hyperoxia releases free oxygen radicals (Wilson et al., 2001), so prolonged
exposure to high concentrations of oxygen can damage lung tissue. High con-
centration oxygen also ‘washes out’ nitrogen from lungs — nitrogen being an
inert gas, and the majority (79 per cent) of air, distends alveoli. Increasing oxy-
gen concentration reduces nitrogen, potentially causing atelectasis. Maximum
concentrations and time are debated, but most intensivists aim to limit pro-
longed (>24 hours) supplementary oxygen to <60 per cent. Short periods of
high concentration do not appear to cause harm. Severe hypoxia sometimes
necessitates using high concentrations, so risks from tissue hypoxia should be
weighted against dangers from oxygen toxicity. PEEP helps prevent atelectasis
from nitrogen washout.

Carbon dioxide transport

Air contains virtually no carbon dioxide (0.04 per cent). Metabolism produces
200 ml of carbon dioxide every minute. Carbon dioxide diffuses by concen-
tration gradients from cells into capillary blood, and from pulmonary capillaries
into alveoli. Normal concentrations of blood carbon dioxide are 48 ml/decilitre
(arterial) to 52 ml/decilitre (venous). Carbon dioxide is normally the most
important ‘drive’ for the respiratory centre in the brainstem. Carbon dioxide
is also vasoactive, stimulating vasoconstriction.

Carbon dioxide carriage is relatively simple compared with oxygen
carriage. It is carried in blood through three means:

B plasma
B haemoglobin
B bicarbonate.

Plasma — Carbon dioxide is approximately twenty times more soluble than
oxygen, so is readily carried in solution by plasma.
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Haemoglobin — A quarter of carbon dioxide is carried as carbaminoglobin.
Carbon dioxide binds to globin, not haem, so unlike carbon monoxide does
not displace oxygen.

Bicarbonate — Most (approximately three-quarters) of carbon dioxide
carriage occurs as a component of plasma bicarbonate.

Diffusion of carbon dioxide occurs through simple tension gradients,
making the carbon dioxide dissociation curve virtually linear (see Figure 18.2).
Like the oxygen dissociation curve, carbon dioxide dissociation can move to
the right or left. Rightward shifts (lowering carbon dioxide content per unit of
pCO,) occur with raised oxygen concentrations in blood, and is sometimes
called the ‘Haldane effect’.

Heliox

Like air, heliox contains 21 per cent oxygen, but instead of nitrogen, the
remainder is helium. Helium has a low density (three times less than air) so,
being less affected by airway resistance, reduces work of breathing (Kass,
2003; Reuben & Harris, 2004). With airway obstruction, where work of
breathing is excessive, heliox may enable adequate oxygenation. It should
be given through a non-rebreathing mask so it is not diluted with room air
(Kass, 2003). Benefits should occur within minutes, buying time to resolve the
underlying problem (Calzia & Stahl, 2004). Its value beyond one hour is lim-
ited (Ho et al., 2003). Use and availability are often limited by its relative
expense, although costs of alternatives, and need for urgent intervention, may
make it cost-effective.



Heliox is useful in acute severe asthma, gaining time for steroids to work
(Kass & Terregino, 1999). It has also been useful with noninvasive ventilation
(Jaber et al., 2000), although few ventilators (invasive or noninvasive) are
designed to work with heliox (Calzia & Stahl, 2004), and it may affect venti-
lator monitoring. An animal study found heliox increased hypercapnia and
respiratory acidosis (Watremez et al., 2003).

Heliox is inert, colourless, odourless and tasteless. It disperses quickly, so
should not significantly affect anyone nearby. It does however affect patients’
vocal cords, so they should be warned about a temporary high-pitched,
squeaky voice.
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Haemoglobinopathies

Critical illness is frequently complicated by haemoglobinopathies; three are
described below.

Carbon monoxide poisoning causes about one thousand deaths each year
in the UK. There are four likely causes of carbon monoxide poisoning in
patients:

B suicide attempts using car exhaust fumes — 45 per cent of cases (Harvey &
Hutton, 1999)

smoking

faulty gas appliances

smoke inhalation (fire victims).

Carbon monoxide is usually measured by blood gas analysers (COHb or
FCOHD).

Normal concentrations of carbon monoxide in air and the body are
insignificant, non-smoker levels normally being 1 per cent or less. Endogenous
production can increase with some pathologies — for example, haemolytic
anaemia can cause levels of 5 per cent (Blumenthal, 2001). Heavy cigarette
smokers may have 15 per cent carboxyhaemoglobin (Blumenthal, 2001),
while cigar smokers’ levels may reach 20 per cent (Harvey & Hutton, 1999);
blood donated by smokers causes bank blood to contain carboxyhaemoglobin
levels of 1.1-6.9 per cent (Harvey & Hutton, 1999).

Symptoms usually begin when blood levels exceed 10 per cent, and 40 per cent
carboxyhaemoglobin may prove fatal (Blumenthal, 2001). Carbon monoxide
has a far greater affinity for haemoglobin (more than two hundred times) than
oxygen has, so prevents oxygen carriage. Carbon monoxide causes myocardial
depression — myoglobin also has greater (X40) affinity for carbon dioxide than
for oxygen (Harvey & Hutton, 1999). In air, carbon monoxide’s half-life is
320 minutes, but supplementary oxygen significantly reduces this: 100 per cent
oxygen reduces half-life to 74 minutes (Blumenthal, 2001). Lactic acidosis
should not be corrected unless extreme, as acidosis increases oxygen dissocia-
tion from haemoglobin (Blumenthal, 2001). Carbon monoxide poisoning may
also be treated with hyperbaric oxygen (see Chapter 28).
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Carbon monoxide makes pulse oximetry inaccurate, but saturations on
blood gas analysers remain reliable (see Chapter 17). Blood gas analysers
usually also measure carbon monoxide levels.

Thalassaemia (‘Cooley’s anaemia’) is caused by defective globin genes. It is
classified as alpha or beta thalassaemia, depending on which gene is affected.
Thalassaemia may also be classified as major, intermedia or minor, depending
on its severity. The genetic defect reduces erythrocyte life, so reducing ery-
throcyte concentration. The abnormal haemoglobin also releases less oxygen.
Typically, people with beta thalassaemia have Mediterranean ancestry. Alpha
thalassaemis is most prevalent in south-east Asia.

If Hb is below 9.5 g/dl, blood should be transfused (Blood Transfusion Task
Force, 2001). Large volume and frequent transfusion can cause iron overload
(Buswell, 1996), so desferrioxamine (an iron chelator) may be given to prevent
hepatic failure. Splenectomies may be performed where erythrocyte destruc-
tion exceeds production, and younger patients may receive bone marrow
transplant.

Sickle cell (HbS) is caused by glutamic acid in beta haemoglobin chains
being replaced with valine residue. When hypoxic, this abnormality links
chains together as stiff rods, changing erythrocyte shape from elliptical into
sickle. These can occlude small capillaries, causing ischaemic pain (severe
cramp), necrosis and infarction in tissue beyond occlusions. Deformed ery-
throcytes rupture, causing clotting and further obstruction. Cerebral and renal
microcapillaries are at special risk. HbS cells have reduced lifespans, causing
chronic haemolytic anaemia.

Sickle genes cause erythrocytes infected by malarial parasites to adhere to
capillary walls, denying parasites the potassium they need to survive. Sickle
cells providing protection from malaria, this mutation flourished in the
malarial belt. However people with sickle cell disease now live worldwide.

Sickle cell crises may occur with any hypoxic stressor — exercise, altitude,
surgery, anaesthetic gases or critical illness. Crises may be fatal. People with
both haemoglobin chromosomes (HbS, HbS) are most at risk, people with
sickle cell trait (HbS, HbA) can sickle with extreme hypoxia. Those at risk
should be safeguarded by optimising oxygen (e.g. pre-oxygenating with
endotracheal suction).

Crisis management should provide

B analgesia

B oxygen

B fluids

B blood (exchange) transfusion.

Sickle crisis pain is intense, requiring strong analgesia, such as morphine
or diamorphine (BCSH Task Force Sickle Cell Working Party, 2003).
Despite anecdotal concerns about addiction and feigning crises to obtain
opioids, benefits from analgesia to those in crisis far outweigh risks from
drug abuse.



Delivering oxygen to ischaemic tissues relieves ischaemic pain and prevents
further injury. Target oxygen saturation should be 95 per cent (British
Committee for Standards in Haematology, General Haematology Task Force
by the Sickle Cell Working Party, 2003). Increasing blood volume, and
reducing viscosity, with intravenous fluids optimises perfusion. Urgent
exchange blood transfusion should be given to reduce HbS to below 30 per cent
(Frewin et al., 1998).

B Oxygen is vital for life, so adequate oxygen delivery to cells, as well as
adequate oxygen carriage by haemoglobin, should be achieved.

B Oxygen dissociation from haemoglobin is affected by various factors (see
Table 18.2), including pH and temperature.

B PaO, measures plasma oxygen, whereas SaO, measures oxyhaemoglobin.
Variable relationships between these two can be seen from arterial blood
gas analysis.

B Prolonged use of high concentration oxygen (>60 per cent for >24 hours)
can cause toxic lung damage, so should be avoided if possible. Where it can-
not be avoided, PEEP should be used to compensate for nitrogen washout.

B Heliox may provide adequate oxygenation despite airway obstruction, so
can usefully create time for other interventions.

B Carbon monoxide poisoning should initially be treated either with hyperbaric
oxygen or pure oxygen. Pulse oximetry is erroneous, but saturations from
blood gas analysers remain accurate.

B Patients with thalassaemia usually need blood transfusion, with iron
overload prevented by chelators. Their liver function should be closely
monitored.

B Sickle cell disease can cause life-threatening crises, usually prevented by
adequate oxygenation and hydration.

B Sickle cell crisis needs strong and sufficient opioid analgesia, oxygen (to
achieve 95 per cent saturation), fluids and blood transfusion.

GAS CARRIAGE

Summary

Oxygen is primarily carried by haemoglobin (SO,), but partial pressure in
plasma (PO,) creates the pressure gradient for transfer to tissues. Complex,
changeable, relationships between SO, and PO, are shown by the oxygen
dissociation curve, which may be ‘shifted’ to the right or left by various
factors. Haemoglobinopathies also affect oxygen carriage.

Gas carriage is described in most anatomy and critical care texts. Herbert et al.’s
(1999) landmark research is especially valuable reading. Articles on
haemoglobinopathies appear periodically in nursing journals (such as
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Newcombe, 2002; Bennett, 2005), with authoritative guidelines from the
BCSH Task Force Sickle Cell Working Party (2003). Kass’ (2003) heliox study
is useful. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

The Sickle Cell Society: 54 Station Road, London, NW10 4UA;
020-8961-7795.

UK Thalassaemia Society: 19 The Broadway, London N14 6PH;
0800-7311109.

Clinical scenarios

Nina Walker is 36 years old and was admitted to the ICU with a head
injury and fractured spine at C5 from falling down stairs. The first blood
gas taken was from a central vein while Nina was self-ventilating via a
face mask with FiO, 0.6, in flat supine position wearing a hard collar.
The second blood gas is arterial, taken 12 hours post intubation and
mechanical ventilation using spontaneous mode and FiO, 0.25. Nina’s
respiratory rate is 16 bpm, her Hb is 9.8 g/dl and core temperature at 12
hours is lower at 35.7°C
Blood gas and electrolyte values are:

On admission to ICU 12 hours later
Central venous blood Arterial blood
FiO, 0.6 FiO, 0.25

Temperature 35.9°C

Temperature 35.7°C

pH 727 7.51
PaO, (kPa) 3.30 13.36
PaCO, (kPa) 6.84 3.80
HCO3 (mmol/I) 21.1 253
BE (mmol/I) -2.5 +0.3
Lactate (mmol/I) 3.3 1.9
SO, (%) (SVO,/SaOy) 48.5 Q7.9

Q.1 Using the oxygen dissociation curve (Figure 18.1) verify Nina’s
percentage O, saturation of haemoglobin for both blood gas results
(plot the position of her PO, incorporating her Hb, temperature
and other arterial blood gas values). Repeat this using the carbon
dioxide dissociation curve (Figure 18.2) to calculate CO, content

percentage.
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Q.2 Explain any shifts in the oxygen dissociation curve and haemo-
globin’s affinity for O, at Nina’s cellular (tissue) and alveolar
membrane for both venous and arterial blood gases. How does the
level of carbon dioxide in blood effect oxygen transport?

Q.3 Review alternative assessment approaches that can be used by
nurses to monitor effectiveness of oxygen transport to Nina’s tis-
sues (consider and specify types of visual observation, laboratory
investigations, blood oximetry values such as O,Hb, COHb, HHB,
MetHb, RHDb).
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ACID-BASE BALANCE

Introduction

Arterial blood gas analysis provides valuable information about respiratory
and metabolic function, including acid-base balance. Most analysers provide
additional useful information about various metabolites and electrolytes.
Therefore arterial blood gas sampling and analysis is a core skill for ICU staff.
In addition to issues surrounding sampling and analysis, this chapter identifies
some controversies that may make practice, and so results, different between
different areas even within a single hospital.

Machines and ‘normal ranges’ vary between units, so using sample print-
outs from your unit may be helpful. Standard UK use of kilopascals (kPa) is
followed here. The USA uses mmHg; 1 kPa is approximately 7.5 mmHg.

Acid-base definitions

An acid is a substance capable of providing hydrogen ions; a base (alkali) is
capable of accepting hydrogen ions. Acidity is determined by the amount
of free hydrogen ions, not total number of hydrogen ions, so strong acids
(e.g. hydrochloric) release many free hydrogen ions, whereas weak acids
(e.g. carbonic) release few. Acid-base balance is the power of hydrogen ions
(pH) measured in moles per litre (‘power’ in the mathematical sense, for the
negative logarithm). The power of hydrogen ions can be controlled (balanced)
either through buffering or exchange. Hydrogen (H™), a positively charged ion
(cation), can be buffered by a negatively charged ion (anion), such as
bicarbonate (HCOj3).

Each litre of blood contains about 0.00004 millimole (or 40 nanamoles, nmol)
of hydrogen (normal plasma sodium concentration is 135-145 mmol/litre).
Despite these very small concentrations, hydrogen ions are highly reactive;
small changes in concentration significantly affecting oxygen dissociation
from haemoglobin (‘Bohr effect’) and enzyme activity (Shangraw, 2000).
Plasma concentrations being so small, ions are measured by a negative
logarithm: the pH scale.

Logarithms represent complex numbers by replacing multiplication/
division of the actual number by addition and subtraction to the log. For
example

101 =10

102 =10 x 10 = 100

103 = 100 X 10 = 1000
10* = 1000 X 10 = 10,000

each addition to the power (log) causes a tenfold increase to the actual number.
Bacteria and blood cells, being very numerous, are usually measured using the
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log of 10. Negative logarithms similarly represent very small divisions by
subtraction from the log:

10° =1
107! = 0.1
1072 = 0.01

Chemically, the pH scale ranges from 0-14, making pH 7 chemically neutral.
Blood is normally slightly alkaline (pH 7.35-7.45). At pH 7.4, there are only
0.00004 millimoles of hydrogen ions per litre of blood. But because pH is a
negative logarithm, changes of one pH represents tenfold changes in hydrogen
ion concentration (acidity), while changing pH by 0.3 doubles or halves
concentrations:

pH 7.7 = 20 nmol/litre H*
pH 7.4 = 40 nmol/litre H*
pH 7.1 = 80 nmol/litre H*
pH 6.8 = 160 nmol/litre H*

Although in pure chemistry, alkaline until pH 7.0, for body chemistry blood
pH < 7.35 is acidotic, while pH > 7.45 is alkalotic.

Metabolism produces about 40-80 nmol hydrogen every day (Marshall,
2000), moving from intracellular to extracellular fluid through concentration
gradients, intracellular (where hydrogen is produced) concentrations being
highest (normally 7.0 (Atherton, 2003)). Interstitial and venous pH is normally
7.35 (Marieb, 2004).

Blood pH outside 7.0-7.8 is usually fatal (Marieb, 2004), although Selby
and James (1995) report rare survival from pH 6.4. Arterial pH below 7.0
usually leads to coma and death, while levels above 7.8 overstimulate the
nervous system, causing convulsions and respiratory arrest.

Acid-base balance is controlled through

B respiratory
B metabolic (renal function, chemical buffers)

functions.

Respiratory balance

Carbon dioxide dissolves in water to form carbonic acid:
C03 + HQO <~ H2C03
a weak (pH 6.4), unstable acid. In lungs, carbonic acid, being unstable, disso-

ciates back into water and carbon dioxide, so normal blood levels are normally
maintained by adapting ventilation (rate and depth of breathing). Carbonic
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Respiratory
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I
I
I

B Figure 19.1 Origin of acid-base imbalance

acid is the main acid in blood, levels depending on carbon dioxide concentrations
(PCO,). Carbon dioxide is therefore considered a potential acid (lacking
hydrogen ions, it is not really an acid), so respiratory acidosis is the failure to
remove sufficient carbon dioxide (i.e. high PaCO,) and respiratory alkalosis is
the excessive removal of carbon dioxide (i.e. low PaCO,) (Figure 19.1).

Hypercapnia stimulates respiratory centres to increase ventilation (rate
and depth), removing more carbon dioxide. So although respiration cannot
remove hydrogen ions, it can inhibit carbonic acid formation, restoring
homeostasis. Respiratory acidosis is caused by hypoventilation. Respiratory
alkalosis is caused by hyperventilation.

In health, respiratory response to acidosis is rapid, exerting up to double the
effect of combined chemical buffers (Marieb, 2004). Doubling or halving
alveolar ventilation can alter pH 0.2, returning life-threatening pH of 7.0 to
7.2 or 7.3 in 3-12 minutes (Guyton & Hall, 2000).

Metabolic balance
Metabolic balance is more complex. Acids are

B ingested (e.g. wine, most crystalloid IVIs)
B produced (metabolism)

removed through the
B kidneys
and buffered by

B chemicals.
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Bases (e.g. bicarbonate) are

B produced
B reabsorbed (renally)
B ingested/infused (e.g. antacids).

Metabolic acidosis may be from:

B  hyperchoraemia or
B tissue acids (especially lactic or ketoacids)

and can be distinguished by the anion gap (see later). Hyperchloraemic acidosis
usually from excessive normal saline infusion (Funk et al., 2004). Ketoacids
are from alternative metabolism (starvation, insulin-lack). Lactate (see later),
the main cause of metabolic acidosis in ICU, indicates anaerobic metabolism,
usually from perfusion failure.

Hydrogen (H") ions, an essential component of any acid, are removed by
the kidney or buffered by bases. Acidosis therefore occurs if

B hydrogen production exceeds removal (excessive production; renal
failure)
B buffer production is insufficient (especially, liver failure).

Metabolic alkalosis is caused by excessive removal/buffering of hydrogen (H*)
ions or excessive production/absorption of bases due to:

B polyuria

B  hypokalaemia (causing excess H" in urine)

B gastric acid loss (e.g. excessive nasogastric drainage, vomiting)
B excessive buffers (e.g. colonic reabsorption from constipation).
control

Other than insignificant transdermal loss, hydrogen ions are only removed
from the body in urine, actively being exchanged into glomerular filtrate when
other cations (mainly sodium) are reabsorbed. The extent of active hydrogen
ion excretion into urine is seen on urinalysis: normal blood (from which urine
is formed) pH is 7.4, while normal urinary pH is 5.0.

Kidneys usually excrete 30-70 mmol of hydrogen ions daily, but can
remove 300 mmol daily within 7-10 days. Renal failure therefore causes
metabolic acidosis.

Chemical buffers respond rapidly, within seconds, balancing hydrogen ions by
binding acids to bases. They do not eliminate acids from the body.
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Bicarbonate is the main chemical buffer of extracellular fluid, responsible
for half of all chemical buffering. Hydrogen ions are essential to produce
bicarbonate (HCOj). Bicarbonate can combine with hydrogen to produce
carbonic acid:

HCOg + H = H2CO3

Phosphate (PO437) is the least important buffer in blood, but the main
urinary, interstitial and intracellular buffer.

Plasma and intracellular proteins Albumin is the main plasma protein,
although histidine (in haemoglobin) is also a significant buffer.
Hypoalbuminaemia, common in critical illness, therefore reduces metabolic
buffering.

Chemical buffers are produced in many places, but especially in the liver,
therefore hepatic failure causes metabolic acidosis.

Acidosis

Acidosis (blood pH < 7.35) may be:

B respiratory = failure to excrete sufficient carbon dioxide (= high pCO,)
B  metabolic = failure to excrete/buffer sufficient H* ions (= base excess
below —2; low HCOs).

Acidosis

B increases respiratory drive
B shifts the oxygen dissociation curve to the right, increasing oxyhaemoglobin
dissociation.

Treating acidosis rather than underlying causes therefore deprives hypoxic
tissues of available oxygen (Winser, 2001),

B reduces blood carriage of carbon dioxide (Cavaliere et al., 2002)
B s negatively inotropic, and reduces effectiveness of infused inotropes.

Acidosis is a symptom, not a disease. Many critically ill patients tolerate
arterial pH significantly below 7.2 (Forsythe & Schmidt, 2000), as seen with
permissive hypercapnia (see Chapter 27). Treatment should focus on underlying
pathologies. Oxygen delivery to peripheries should be optimised, without
increasing cell metabolism.

Bicarbonate infusions to reverse acidosis can cause many problems, including

B exacerbating intracellular acidosis (sodium bicarbonate does not transfer
into cells, but does form carbon dioxide, which can transfer and form
carbonic acid) (Forsythe & Schmidt, 2000)
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B alkalosis reduces oxygen dissociation from haemoglobin (shifts the
oxygen dissociation curve to left).

Bicarbonate infusions should only be used in immediate life-threatening
situations, such as pH <7.1 or cardiopulmonary resuscitation exceeding
20-25 minutes (Winser, 2001).

Tonometiry

Hypoxic tissues metabolise anaerobically, which produces many hydrogen
ions. Highly vascular, gastric (intramucosal) pH (pHi) may indicate acidaemia,
although so far tonometry has proved more useful for research than in practice
(Hingley, 2000; Beale et al., 2004). For accuracy, feed should be aspirated
before measurement (Marshall & West, 2003).

Blood gas samples can monitor respiratory function and acid-base balance,
but should not be taken until 20-30 minutes after any changes to ventilation,
or any interventions that affect respiratory function (Coombs, 2001).
Intra-arterial blood pressure monitoring being used for most patients in adult
ICUgs, arterial lines provide easy access for obtaining samples for blood gas
analysis. Transcutaneous gas analysis is noninvasive, but more useful for
neonates than for adults. Intra-arterial electrodes enable continuous gas tension
monitoring, PiO, correlating well with arterial samples (PaO,) (Abraham
et al., 1996). However, equipment is costly, and intra-arterial monitoring has
not (yet) established itself in ICU practice.

Before taking samples, sufficient fluid should be withdrawn from arterial lines
to prevent dilution from saline flush, although lumen diameter and proximity of
the sampling port usually necessitate removing only about 0.5-1 ml.

Applying negative pressure may cause frothing (Szaflarski, 1996) and cell
damage, so minimal pressure should be used; arterial samples may fill
passively from blood pressure. Air in samples causes falsely low readings, so
should be expelled (Szaflarski, 1996). Samples should be covered (with hubs,
not fingers) to prevent atmospheric gas exchange.

Delay in analysing causes inaccuracies, as blood cells in samples continue
to metabolise: potassium and carbon dioxide levels increase, pH and oxygen
fall. As ICUs usually have analysers on the unit, this rarely causes significant
problems, but usually justifies interrupting routine calibrations.

Erythrocyte sedimentation affects many results, especially haemoglobin, so
samples should be mixed continuously, using a thumb roll, not vigorous
shaking (which causes haemolysis).

Continuous gas analysis is currently impractical and too costly for
widespread clinical use (Ault & Stock, 2004), but future technological
improvements may make this, or transcutaneous gases, practical alternatives.



ACID-BASE BALANCE

Reading samples

This chapter describes key measurements, although configurations of
machines often vary greatly. Standard symbols used for some other measure-
ments are listed in Table 19.1. ‘Normal’ figures may differ between texts and
between machines. Analysers usually measure some electrolytes and metabo-
lites. These are listed in Table 19.2 and discussed in Chapter 21. Having a
printout from a patient you have recently cared for will be useful while reading
through this section.

Temperature

Blood gas analysers can measure samples at various temperatures.
Temperature affects dissociation of gases, so PaO,, PaCO,, pH, base excess,
and HCOj results differ with different temperatures — best seen by re-analysing
samples at different temperatures. If no specific temperature is selected,
machines default to analysing samples at 37°C.

Debate persists between correcting sample to patient temperature (pH-stat)
and analysing all samples at 37°C (alpha-stat). Balance of evidence currently
favours noncorrection, but consistency between staff is probably more important
than theoretical rigour. Units should therefore identify which approach to
adopt, ensuring all staff (including occasional agency/bank staff) follow that
approach.

Table 19.1 Some symbols commonly found on blood gas samples

fractional concentration in dry gas
pressure, or partial pressure
volume of blood

alveolar

arferial

capillary
ideal

— 0 Q j>Q_U—r\

Table 19.2 Main electrolyte + metabolite results measured by most
blood gas analysers

Electrolyte/metabolite Normal range
Sodium (Na) 135-145 mmol/litre
Potassium (K*) 3.5-4.5 mmol/litre
Calcium (Ca**, also written Ca?*)e 1.1-1.3 mmol/litre
Chloride 95-105 mmol/litre
Glucose 4.1-6.1 mmol/litre
lactate <2 mmol/litre

Note:

9 Blood gas analysers measure ionised calcium, not fotal calcium; biochemisiry laboratories measure tofal calcium
See Chapter 21 = blood results
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Paco,

P¢°2

Normal: 7.35-7.45
pH measures overall acidity or alkalinity of blood; it does not differentiate
between respiratory and metabolic components. (NB Ph = pharmacopoeia or

phenyl.)

Normal: 4.5-6.0 kPa

Carbon dioxide dissolves in water, forming carbonic acid (see earlier). High
carbon dioxide tension (high PaCO,) therefore indicates respiratory acidosis,
while low carbon dioxide tension indicates respiratory alkalosis.

Normal: 11.5-13.5 kPa
PaO, measures partial pressure of oxygen in plasma. Oxygen content (CaO,)
is the sum of both oxygen dissolved in plasma (PaO,) and oxyhaemoglobin.

A-a gradient

HCO;

Normal: 2 kPa
Alveolar arterial (A-a) gradient indicates whether ‘shunting’ is occurring.
Measurement is only reliable if FiO, is entered into the analyser.

Normal: 23-27 mmol/litre

Bicarbonate is the main buffer in blood, so low bicarbonate indicates
metabolic acidosis, while high levels indicate metabolic alkalosis. However,
respiratory function affects bicarbonate levels:

CO, + Hy0 ¢ HyCO5 <5 HCO5 + H*

(carbon dioxide + water forms carbonic acid, which dissociates to bicarbonate
and a hydrogen radical).

Actual bicarbonate (ABC), the amount measured by the machine, therefore
derives mainly from metabolic, but also partly from respiratory, function.
Normally negligible, the respiratory component becomes increasingly significant
with increasingly abnormal PaCO,. Microchip calculation enables removal of
the respiratory component to provide an (estimated) purely metabolic figure,
standardised bicarbonate (SBC, HCOj3-std). Bicarbonate being used to assess
metabolic function, SBC is more reliable than HCOj. Readers should note and
consider differences between actual and standardised figures on printouts,
discussing these with unit staff.
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Base excess (BE)

Normal: =2

Base excess measures metabolic acid-base balance, indicating moles of acid
or base needed to restore one litre of blood to pH 7.4 (provided pCO, remains
constant at 5.3 kPa).

Unlike pH, base excess is linear, so easier to understand. Neutral is zero,
positive base excess is too much base (alkaline; metabolic alkalosis), while
negative base excess is insufficient base (metabolic acidosis). Faint/absent
minus signs may need to be inferred by readers from other measurements — if
bicarbonate levels are low, then base excess must be negative.

Base excess is calculated from bicarbonate levels, so although base excess is
viewed as a metabolic figure, carbon dioxide affects bicarbonate (above).
Standardised base excess (SBE, BE-std) more accurate indicates metabolic
balance.

Saturation

Normal: 97%

Saturation indicates percentage saturation of haemoglobin by oxygen (see
Chapter 17). Blood gas analysers use many colours to calculate saturation,
pulse oximeters use only two, so analysers are more accurate.

Anion gap

8-16 mmol/litre
When metabolic acidosis (low pH and low SBE) is identified, the balance
between the positively charged and negatively charged ions

(Na* + K*) — (Cl- + HCO3)

indicates whether acidaemia is hyperchloraemic (normal anion gap) or from
metabolic acid production (raised anion gap) (Durward, 2002). Raised anion
gaps therefore indicate abnormal metabolism (anaerobic, or alternative energy
sources) in the ICU, usually caused by perfusion failure. Acidosis with a
normal anion gap indicates electrolyte imbalance. As chloride is measured by
most analysers, electrolyte imbalances are easily seen, so the additional value
of anion gap measurement is questionable. Although chloride and bicarbonate
are the main anions, there are smaller quantities of other ones not included in
anion calculations, but affecting results, including albumin (low in most ICU
patients) (Durward, 2002).

Lactate

Normal: <2 mmol/litre
Normal metabolism produces about 0.8 mmol/kg/hour of lactate (Cooper,
2003), but anaerobic metabolism significantly increases production. Raised
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lactate indicates perfusion failure. Lactate is converted into lactic acid
(pH 3.4), causing/increasing metabolic acidosis.

Compensation

Homeostasis aims to keep blood pH 7.4. Overall pH of blood balances respi-
ratory with metabolic function (see Figure 19.1). Acidosis or alkalosis from
one quadrant will, with time and effective homeostatic mechanisms, compensate
for an opposite excess in another to restore ‘neutral’ blood pH of 7.4.

When analysing samples, identify

B is pH normal (7.35-7.45)?
B respiratory acid/base balance (pCO,)
B  metabolic acid-base balance (bicarbonate, base excess).

If pH is normal, but respiratory and metabolic balances are abnormal and
opposite, compensation is succeeding. If pH is abnormal compensation is
incomplete (if metabolic and respiratory balances are opposite) or absent (if
metabolic and respiratory balances are not opposite).

Most problems seen in ICU begin with acidosis — respiratory (respiratory
failure) or metabolic (e.g. kidney or liver failure). Alkaloses are usually
compensatory. Respiratory compensation occurs quickly (within minutes), but
metabolic compensation takes hours or days to be fully effective (and to fully
stop). So metabolic compensation only occurs in response to prolonged
respiratory complications. Metabolic ‘overshoot’ may be seen in the ICU
where artificial ventilation resolves the primary respiratory acidosis, but
metabolism continues to compensate.

B Unit policy should identify whether to analyse samples at patient’s
temperature or 37°C.
B Analyse gases by identifying

@ respiratory acid-base balance (CO,)

® metabolic acid-base balance (bicarbonate, base excess)

® whether compensation is occuring, and if so (from patients’ history)
which way?

B Standardised bicarbonate and base excess levels should be used rather
than HCOj3 and BE figure.

B For teaching/learning, re-analysing samples at differing temperatures

illustrates how temperature affects gases.

Acidosis is usually from disease, alkalosis usually from compensation.

Acidosis is not usually treated with bicarbonate unless immediately

life-threatening (pH <7.1).
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Summary

Blood gas analysis remains one of the most valuable means of monitoring
respiratory and metabolic function. ICU nurses both take and interpret arterial
blood gas samples, so need to know potential sources of error (sampling, trans-
porting), standard unit practices (e.g. whether or not to enter patients’ temper-
ature) and how to interpret results, in a logical sequence, in the context of their
patient. ‘Normal’ figures may vary slightly, but principles remain applicable.
Electrolytes and metabolites, not discussed here, are included in Chapter 21.

Chapters on acid-base balance are included in many physiology, ICU and
clinical chemistry/biochemistry texts. Martin (1999) provides a useful book
for developing interpretation skills. Articles occasionally appear (e.g. Coombs,
2001; Simpson, 2004). Potential errors from taking samples are summarised
by Szaflarski (1996). www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Arterial blood gas analysis on admission to the ICU:

Patient 36-year-old 45-year-old 62-year-old  75-year-old
history female male, male with a  female, had a
who is known history of dynamic hip
unconscious alcoholic with congestive replacement,
from taking history of cardiac developed a
aspirin vomiting, failure with  chest
overdose. had developed 15 per cent infection,
difficulty in ejection developed
breathing. fraction, reduced

pneumonia  respiratory
and bilateral function and

pleural possible
effusions. pulmonary
embolism.
FiO, 0.6 0.35 0.28 0.4
pH 7.25 7.55 7.48 7.29
PaO, 9.32 11.9 12.6 7.49
(kPa)
PaCO, 8.10 4.6 3.05 11.05
(kPa)
HCOj3 21.2 34.4 20.1 33.7
(mmol/litre)
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BE 1.9 6 —6.3 12.4
(mmol/litre)
Lactate 1.5 0.7 0.8 0.5
(mmol/litre)

Q.1 Identify the acid-base status of the four blood gases (acidosis,
alkalosis, respiratory, metabolic, compensated or uncompensated).

Q.2 Analyse the likely causes of the acid—base disturbances. Consider
their effect on other organs/systems and how the ICU nurse can
assess, anticipate and minimise any potentially adverse effects.

Q.3 Review potential sources and direction of analytical errors (e.g. air
bubbles in blood sample can falsely decrease PO,) which can occur
with these blood gas analysis results.
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The purpose of the cardiovascular system is perfusion, supplying cells with
oxygen and glucose needed for normal anaerobic metabolism (energy) and
removing metabolic waste (carbon dioxide, metabolic acids, water). Without
perfusion, cells die. Haemodynamic monitoring therefore aims to indicate per-
fusion. Generally, more invasive modes provide more information, but create
more problems/risks. Options chosen therefore depend on balancing benefits
against burdens. Monitoring equipment is diagnostic, not therapeutic, so once
risks outweigh benefits or maximum time limits are reached, they should be
removed.

This chapter describes more frequently used modes, with some noninvasive
options, to extend knowledge rather than develop psychomotor skills.
Electrocardiography (ECGs) is discussed in Chapter 22. Formulae such as
the Fick equation are not included for derived measurement, as microchip
technology has replaced need for nurses to calculate them.

‘Normal’ figures are cited here as a guide, but many assume ‘average’ 70 kg
patients and individuals can have wide healthy variations, so ideally measure-
ments should be compared with pre-morbid baselines. Consistency between
measurements, and measurers, is therefore important.

Skin assessment

Pale, discoloured, cyanosed or clammy skin indicates poor perfusion (whether
from hypovolaemia, vascular disease or excessive vasoconstriction). Although
noninvasive and easily visible, skin discolouration may be acute or chronic,
and has limited value in critical illness.

Capillary refill indicates peripheral perfusion. Capillary refill is assessed by
pressing on a finger pad or nailbed for 5 seconds. On releasing pressure, initial
blanching should vanish within 2 seconds (Ahern & Philpot, 2002). Delayed
capillary refill indicates peripheral perfusion failure, from hypotension, hypo-
volaemia or excessive peripheral vascular resistance, but should not be used
to imply perfusion of main organs (Pamba & Maitland, 2004). Peripheral
vasodilatation (e.g. from SIRS) causes peripheral pooling: central hypotension,
warm/‘flushed’ extremities and rapid capillary refill.

Arterial blood pressure

This is the pressure exerted on arterial walls. Pressure is determined by flow
and resistance. Flow is affected by driving force (cardiac output, or left
ventricular ejection) and viscosity. Resistance (afterload) is both vascular (con-
striction, atherosclerosis) and interstitial (e.g. oedema). Capillary bloodflow
(‘microcirculation’) is reduced if blood viscosity increases (see Chapter 21).
Diastolic pressure is the pressure exerted on the arterial wall during the
resting phase of the cardiac cycle. Abnormally low diastolic pressure
(<80 mmHg) indicates either hypovolaemia or vasodilatation. Once CVP is
optimised with fluids, vasopressors (e.g. noradrenaline) may be needed.
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Systolic — maximum perfusion, pressure is momentary, but perfusion
continues variably throughout the whole pulse cycle. Average pressure across
the whole pulse cycle, including diastole, therefore indicates average perfusion
pressure. Average pressure is calculated by monitors as mean arterial pressure
(MAP). The widely cited formula of MAP = diastole + !3(systole — diastole)
is only accurate if diastolic time is two-thirds of the cycle (Darovic, 2002b), so
monitors are more accurate than paper calculations of MAP.

Of the three pressures, MAP is least affected by differences between arteries
or artefact, such as damp traces (Darovic, 2002b; Safar et al., 2003), so
with poor arterial traces, MAP usually remains reliable. MAP is normally
70-105 mmHg; lower figures indicating questionable perfusion of vital organs,
and higher figures indicating hypertension and hyperdynamic states.

Pulse pressure, the pressure created by each pulse (systolic minus diastolic),
indicates vessel response to pulse. Stereotypical normal pulse pressure is:

120 — 80 = 40 mmHg

High (wide) pulse pressures usually indicate vascular disease, such as athero-
sclerosis (Haider et al., 2003), while low (narrow) pulse pressures usually
indicate arterial hypovolaemia, which may be caused by

B systemic hypovolaemia
B poor cardiac output
B excessive vasodilatation (e.g. SIRS).

Other haemodynamic monitoring (e.g. CVP) may indicate likely causes.

Noninvasive blood pressure measurement

Cuff pressure monitoring provides adequate information for most hospitalised
patients, but greater frequency and accuracy is usually needed in the ICU.
Bladder width should be 80 per cent of arm circumference (Beevers et al.,
2001). Smaller cuffs over-read, while larger cuffs under-read.

Intra-arterial measurement

Direct (invasive) arterial pressure monitoring provides

B continuous measurement
B visual display
B access to arterial blood for sampling.

Noninvasive blood pressure is ‘dampened’ by tissues between arteries and
skin surfaces. Intra-arterial measurement should be more accurate, often being
5-20 mmHg above noninvasive pressure measurements.
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Pulse waveform (see Figure 20.1) indicates cardiac function. The area
beneath the wave indicates pulse volume, with a normal sharp upstroke
indicating healthy left-ventricular function. Shallower upstrokes therefore
indicate poor left ventricular outflow (e.g. left ventricular function, aortic
stenosis). Upstrokes should normally be uninterrupted, but extensive systemic
vasodilatation and low systemic vascular resistance (e.g. SIRS) can cause an
anacrotic notch on upstrokes, with widening of the dicrotic notch. After the
peak, there should be a small second peak on descent — the dicrotic notch,
when the aortic valve closes. Poorly defined or absent diacrotic notches
indicate aortic valve incompetence. Breathing can cause ‘arterial swing’. Rises
in late inspiration indicate cardiac overload, while falls in early expiration
indicate hypovolaemia.

Disconnection, or significant oozing around arterial cannulae, can cause rapid
blood loss, so security of connections should be checked, sites covered by trans-
parent bio-occlusive dressings and (if possible) placed where easily observed.
Waveform display should be continuously monitored, with alarms normally set
to give early warning of problems such as hypertension, hypotension and dis-
connection. Although rare, arterial lines can occlude arteries, care should include
checking colour, warmth and capillary refill of extremities beyond cannulae.

Errors can be caused by

B transducer level (should be at heart level; small changes in height cause
large errors in measurement)

B occlusion - patency should be maintained with continuous infusion
(normally at 300 mmHg) with sodium chloride 0.9%. Traditionally,
heparin (usually 1000 iu) was added to 500 ml of saline, but benefits of
heparin seem slight, and it may cause HITTS (see Chapter 26), so most
units now use normal saline without heparin (Garretson, 2005).
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B drugs — no drug should be given through arterial lines (bolus concentrations
can be toxic), so lines and all connections/taps should be clearly labelled

and identified (e.g. using red bungs).

Central venous pressure

Central venous pressure (CVP) directly measures pressure in the vena cava

(usually, superior), so is determined by

B blood volume returning to the heart (‘filling pressure’ or ‘preload’)

B function of the right atrium and ventricle
B intrathoracic pressure.

Ideally, pressure should be measured from the distal (tip) lumen, with no other
infusions running simultaneously through that lumen. When distal lumens are
unavailable, differences from other lumens are usually insignificant.

Low CVP usually indicates fluid loss (e.g. haemorrhage, excessive diuresis,

gross extravasation). Various factors can cause high CVP:

B  hypervolaemia (e.g. excessive fluid infusion, renal failure)

B cardiac failure (e.g. right ventricular failure, pulmonary embolism, mitral

valve failure/regurgitation, tamponade)
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B increased intrathoracic pressure (e.g. positive pressure ventilation,
PEEP/CPAP)

lumen occlusion/obstruction (e.g. cannula against vein wall; thrombus)
high blood viscosity (rare, but possible following massive blood
transfusion)

B artefact (e.g. fluids infusing through transduced lumen).

If causes of high pressure are not obvious, nurses should seek advice. Very high
pressures (>18) may indicate pulmonary oedema.

Measuring CVP
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Ideally, central venous pressure is measured supine from midaxilla (phlebostatic
axis: intersection of lines from midsternal fourth intercostal space and midaxilla)
and in the ICU recorded in millimetres of mercury. Because most ICU patients
are now nursed semirecumbent, CVP is frequently measured in other
positions. Pressure falls as positioning becomes more upright, so position
should be recorded with CVP, and changes in position should be considered
when assessing trends. Measurements taken when patients are lying on their
side are unreliable.

Normal supine midaxillary measurements in self-ventilating patients is
0 to +8 mmHg (mean +4 mmHg). Normal range increases with positive
intrathorasic pressure (by 3-5 cmH,0) and with PEEP/CPAP. Transducers
should be ‘zeroed’ at midaxilla level — open the port from the monitor to air
and press calibration. Marking midaxilla on skin or fixing transducers to one
position helps maintain consistency between measurements.

Central venous pressure being far lower than arterial, waveforms are more
difficult to analyse, but should show three phases: ‘a’ (with ‘x” descent), ‘c’ and

M Figure 20.3 CVP waveform
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v’ (with ‘y” descent) (see Figure 20.3):

a: initiated by right atrial contraction (so absent with atrial fibrillation)

x: pressure falls with atrial relaxation

c: initiated by right ventricular contraction and tricuspid valve closure, so
should follow the QRS wave on ECGs

v: initiated with right atrial filling (so corresponds with T waves on ECGs)

y: pressure falls with tricuspid valve opening (ventricular filling).

Breathing causes ‘respiratory swing’:

B rising with positive pressure ventilator breaths (increased intrathoracic
pressure)
B falling with self-ventilating breaths (negative pressure).

Ideally, pressure should be measured between breaths, although many units
monitor the mean.

Where transducer monitoring is not available, manometers can measure
CVP. Mercury being neurotoxic, manometers use isotonic fluids (e.g. 5%
glucose). Readings are therefore in centimetres of water (cmH,O) rather than
millimetres of mercury (mmHg):

1 cmH,0 = 0.74 mmHg
1.36 cmH,0 = 1 mmHg

Differences, negligible with low pressures, accumulate with higher ones.

Inserting central lines can puncture any surrounding tissue (lung puncture =

pneumothorax, arteries, myocardium). Nurses assisting during insertion should

observe patients and monitors (ECG, airway pressures), reporting any concerns.

Once inserted, lines should be stitched and position checked by X-ray before use.
Once inserted, problems include:

Infection, usually from skin commensals (Safdar & Maki, 2004), occurrs in 4-18
per cent of patients (Elliott ez al., 1994). Rates are higher with femoral lines
(Brun-Buisson, 2001; Waldmann & Barnes, 2004). Sites should be covered with
transparent semi-permeable dressings (Brun-Buisson, 2001; Pratt ez al., 2001).

Dysrhythmias can have many causes, including myocardial irritation from
catheters entering the heart. The ECG should be continuously monitored and
any unexplained dysrhythmias reported and recorded.

Drugs may need to be given centrally because

rapid effect is necessary

drugs would be insufficiently diluted in peripheral veins, causing
thrombophlebitis/necrosis (hypotonic, hypertonic, too acidic or alkaline)
B peripheral flow is poor/absent (shock).
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Drugs given centrally can have rapid effects, so patients and monitors should
be closely observed during and after administration. Nurses should observe
lines during drug administration, and flush lines thoroughly afterwards and
between drugs to avoid precipitation/interaction (furosemide precipitates with
many drugs). Central lines deadspace is usually 1 ml (Cooper & Cramp, 2003).

Central vein thromboses may release emboli, causing pulmonary embolism.
Obstructed flow may indicate thrombi or extravasation, so forcing fluid/drugs
through obstructed lines may dislodge emboli or force fluid into interstitial
spaces. The RCN (2003b) recommend flushing blocked catheters with 10 ml
normal saline. Lumens which remain obstructed should be labelled, reported
and not used. Alternatively, obstructions can be removed with

B urokinase
B percussive technique.
(Stewart, 2001)

Urokinase, like other thrombolytics, could cause severe side effects such as
haemorrhage and anaphylaxis, although so far no complications have been
reported from the small amounts needed to unblock catheters (Polderman &
Girbes, 2002). The percussive technique described by Stewart uses 1 ml of nor-
mal saline in a 10 ml syringe; after pulling back, the plunger is allowed to snap
back. Stewart claims 94 per cent success rate, with no reported complication.
However, his practice-based report is supported by only six (mostly old)
references, so nurses should remember their individual accountability before
adopting this technique.

Air emboli of 50-100 ml are fatal (Polderman & Girbes, 2002). The small
bubbles often seen in intravenous lines are not harmful, but (self-ventilating)
negative intrathoracic pressure of 4 cmH,0O could draw 90 ml of air in one
second through an 18 gauge needle (Polderman & Girbes, 2002). Central lines
should, whenever possible, be easily visible and checked regularly, especially
with self-ventilating patients. Nurses should regularly check whether all
connections are secure.

Central lines should be removed with patients positioned head-down, so
any accidental air emboli should rise to pedal rather than cerebral circulation.
Self-ventilating patients should breathe out and hold their breath (out) during
removal, so intrathoracic pressure equals atmospheric pressure.

Flow monitoring (cardiac output studies)
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CVP measures cardiac preload, but monitoring flow through the heart
provides more information about the heart and vascular function. Direct and
derived measurements, with commonly used abbreviations, are described
below, with normal ranges summarised in Table 20.1. Most measurements are
derived, relying on information such as

B  haemoglobin
B central venous pressure.
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Table 20.1 Normal flow monitoring parameters (not all parameters
are available on all machines)

Cl 2.5-4.2 litres/minute,/m?

CcO 4-8 litres/minute

CVP (self ventilating) 0 to +8 mmHg [right afrial level)

DO, Q00-1100 litres/minute

DO, 520~720 mililitres /minute,/m?

EVIW 57 ml/kg (3500-4000 ml for 70 kg)
LCWI 3.4-4.2 kgm/m?

LVSWI 50-60 gmm/m?

PAP 10-20 mmHg

PPV <10 per cent

PVR <250 dynes/second/cm?

PVRI 255-285 dynes/second/cm?®/cm?
RCW 0.54-0.66 km'm/m?

RVSWI 7.9-9.7 gmm/m?

SSV <10 per cent

SV about 70 ml at rest (range 60-120 ml)
SVI 35-70 ml/beat/m?

SvO, 75 per cent

SVR 800-1200 dynes/second/cm?

SVRI 2000-24000 dynes/second/cm?/m?
VO, 200-290 litres/minute

VO, 100-180 mlitres/minute,/m?

Many are indexed to

B height and
B weight

thus avoiding problems of many ‘normal’ figures assuming ‘average’ weight of
70 kg. Indexing output to body surface area (m?) makes figures comparable
between different (non-average) patients, so they are generally used. But, like
other derived measurements, incorrect data fed into machines causes incorrect
results.

Pulmonary artery catheters (PAC, also called pulmonary artery floatation
catheters — PAFC and ‘Swan Ganz’) were the first widely used means to
directly measure cardiac function. Various less invasive alternatives are now
available (see later). Many studies, including the (unpublished) UK PACMan
trial, show no benefit, rather often harm from PAFCs, so few UK units now
use them. Any reader encountering one should only use it if they are compe-
tent to do so; many older ICU texts describe PAFCs. Some measurements
below are only available with PAFCs.

Less invasive means include:

B PiCCO - Peripherally Inserted Continuous Cardiac Output

B LidCo® - Lithium Derived Cardiac Output
B transoesphageal doppler.

203



MONITORING

204

All three analyse pulse waveform (contour) to derive measurements. Many

studies, such as Chaney and Derdak (2002), confirm PiCCO and LidCO® are

as reliable as PAFCs. Lithium measurements used for LidCO may be unreli-

able if paralysing agents are used. Doppler cardiac output studies may (Dark &

Singer, 2004) or may not (Bettex et al., 2004) be reliable, but are not widely

used in the UK, possibly because many systems can only be used for 12 hours.
Noninvasive means include

B thoracic electrical bioimpedance
B partial carbon dioxide rebreathing.

Thoracic electrical bioimpedance (TEB) uses ECG-like electrodes, measuring
differences in thoracic resistance (bioimpedance) to high-frequency, very low-
magnitude electrical currents. Aortic flow supplies less than 1 per cent of
thoracic bioimpedance, so high signal-to-noise ratio may cause significant
inaccuracies. Whole-body electrical bioimpedance is accurate (Cotter et al.,
2004), but TEB has only limited value (Raaijmakers et al., 1999), and is less
accurate with diseases such as ARDS that cause significant fluid shifts (Chaney
& Derdak, 2002). Thoracic bioimpedence monitoring has not been widely
adopted in UK ICUs.

Partial carbon dioxide rebreathing causes patients to periodically rebreathe
(carbon dioxide-rich) gas. Capnography then measures differences between
breathing and non-rebreathing carbon dioxide tensions. As acid-base buffer-
ing keeps venous carbon dioxide tensions essentially constant, differences in
arterial carbon dioxide reflect cardiac output. Both animal and human studies
show good correlation with thermodilution measurements. Readings are
available at three minute cycles. However capnography relies on constant res-
piratory rate to tidal volume ratio, so use of partial carbon dioxide rebreath-
ing to measure cardiac output is confined to ventilated patients (without
triggering). It should not be used if rebreathing carbon dioxide may cause
problems.

Cardiac output (CO)

Normal: 4-8 litres/minute

Cardiac index (CI)

Normal: 2.5-4.2 litres/minute/m?

To meet increased cardiac demand most ICU patients have pathologically high
cardiac outputs. Inotropes further increase output. Due to differences in both
cardiac output and body surface area, children’s cardiac index is high
and decreases with age. Myocardial dysfunction, left ventricular failure, and
mediators may inhibit output.

Stroke volume (SV)

Normal: about 70 ml at rest (range 60-120 ml)
Stroke volume index (SVI)

Normal: 35-70 ml/beat/m?.



HAEMODYNAMIC MONITORING

Stroke volume is the amount of blood ejected with each contraction of the
heart, so HR X SV = CO. Stroke volume relies on adequate preload and mus-
cle contractility so if it is poor, preload (CVP) should be optimised with fluids
before using inotropes. Like cardiac output, stroke volume can be indexed:
stroke volume index (SVI) or stroke index (SI).

Systemic vascular resistance (SVR)
Systemic vascular reistance index (SVRI)
Normal SVR: 800-1200 dynes/second/cm’

SVRI: 2000-24000 dynes/second/cm®/m?.
Systemic vascular resistance (‘afterload’) is the resistance met by cardiac
output from blood vessels. Blood pressure is the sum of HR X SV X SVR.
Excessive vasodilatation (distributive shock, such as SIRS) reduces SVR. SVR
monitoring is therefore useful for inotrope/vasopressor therapy.

Left cardiac work (LCW)

Left cardiac work index (LCWTI)

Normal LCWI: 3.4-4.2 kg/m/m?

Left ventricular stroke work (LVSW)

Left ventricular stroke work index (LVSWI)

Normal LVSWI: 50-60 gm/m/m?.

Managing severe left ventricular failure is a delicate balance between main-
taining adequate cardiac output and myocardial oxygenation. Insufficient
work deprives the brain of oxygen. Excessive work deprives the myocardium
of oxygen. Measuring left ventricular work enables calculation of muscle
strength (contractility) and more careful titration of therapies.

Right cardiac work (RCW)
Right cardiac work index (RCWT)
Right ventricular stroke work (RVSW)
Right ventricular stroke work index (RVSWI)
Normal RCW: 0.54-0.66 km/m/m?
RVSWI: 7.9-9.7 gm/m/m?2.
Measuring right ventricular function assists management with right heart
failure.

Pulmonary artery pressure
8§—15
15-25
Pulmonary vascular resistance/pulmonary vascular resistance index
Normal: PVR <250 dynes/second/cm’

PVRI 255-285 dynes/second/cm®/cm?.
Pulmonary hypertension may be caused by ARDS, pulmonary oedema,
pulmonary embolism and other pathologies. Pulmonary hypotension with
high central venous pressure indicates right-sided heart disease, such as tricuspid
valve stenosis/regurgitation or right ventricular infarction (usually inferior
myocardial infarction) or septal defects (rare in adults).

Normal: mmHg
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Venous saturation/mixed venous saturation (SvO,)

Normal: 65-75 per cent.

Venous saturation measures oxyhaemoglobin in venous blood, and so what

remains after dissociation within capillaries. When compared with arterial oxy-

gen saturation, venous saturation therefore indicates tissue oxygen demand and

uptake, and can be used to derive oxygen delivery and oxygen consumption.
In health, approximately one-quarter of available oxygen is consumed, so

higher SvO, indicates failure of oxygen delivery to tissue cells from reduced

B oxygen dissociation from haemoglobin (e.g. hypothermia)
B tissue uptake.

Low SvO, indicates high oxygen demand.

PAFCs can measure mixed venous saturation — saturation of blood in the
pulmonary artery, indicating total systemic oxygen consumption. Because
PAFCs are seldom used in the UK, venous saturation is usually from central
lines in the superior vena cava (ScvO,). Although not identical, the two may
(Rivers et al., 2001a; Dickens, 2004) or may not (Chawala et al., 2004) show
comparable trends — views appear to reflect prevailing national attitudes to
PAFCs. Venous samples should be clearly labelled — if mistaken for arterial,
inappropriate treatments may be commenced. Monitoring saturation from
central lines in the inferior vena cava is seldom useful, as this would only
indicate oxygen demand/uptake in the legs.

Delivery of oxygen (DO,)
Delivery of oxygen index (DO,I)
Normal: DO, 900-1100 I/minute
DO,I 520-720 ml/minute/m?.
This indicates whether oxygen reached its target — the tissues.

Consumption of oxygen (VO,)
Consumption of oxygen index (VO,])
Normal: VO, 200-290 litres/minute
VO,I 100-180 ml/minute/m?.
Oxygen is needed by all cells, so delivery has little value unless tissues extract it.

Stroke volume variation (SSV)
Normal: <10 per cent.
Stroke volume varies with changes in intrathoracic pressure (breathing).
In health variations are small, but hypovolaemia increases variations.
SVV >10 per cent indicates need for fluids. Hypotension with SVV <10 per
cent is usually an indication for inotropic support.

Pulse pressure variation (PPV) is similar to SSV, and similarly is normally
<10 per cent.

Extra vascular lung water (EVLW)
Normal: 5-7 ml/kg (3500-4000 ml for 70 kg)
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Aggressive fluid management may cause pulmonary oedema, progressing to
ARDS. Calculating EVLW therefore enables optimisation of fluid management
(Holm et al., 2000; Sakka et al., 2002) and inotrope therapy (Salukhe &
Wyncoll, 2002).

Ultrasound enables visualisation and measurement of the heart and bloodflow
through central vessels, so is valuable for medical diagnosis. Among the most
frequent measurements from cardiac ultrasound is ejection fraction. The aver-
age healthy adult left ventricle can hold about 130 ml of blood, but only ejects
70-90 ml. The volume ejected can therefore be expressed as a fraction, or
more often percentage, of total ventricular volume. A normal healthy ejection
fraction is 0.6-0.75 or 60-70 per cent. Smaller ejection fraction usually indi-
cates extensive left ventricular damage, usually from myocardial infarction.

B Skin colour, warmth and capillary refill indicate peripheral perfusion.

B Diastolic blood pressure and pulse pressure indicate systemic vascular
resistance.

B Mean arterial pressure (MAP) indicates perfusion pressure.

B Intra-arterial blood pressure monitoring is usually more accurate than
noninvasive measurement, provided arterial traces do not look dampened.

B The diacritic notch on arterial traces shows aortic valve closure.

B Low CVP indicates hypovolaemia; high CVP may be from fluid overload,
cardiac failure, positive intrathoracic pressure, user error or catheter
obstruction.

B Indexed measurements are adjusted to body surface area (m?), so are
usually used.

B SvO, (compared with Sa0,) indicates oxygen uptake.

B SVR enables optimisation of vasopressors.

B SVV and EVLW enable optimisation of fluid therapy.

B Nurses using less familiar equipment should remember their individual

and professional accountability, only using equipment if competent to do
s0, and within manufacturers’ instructions.

Summary

Haemodynamic monitoring necessarily forms a major aspect of intensive
care nursing. Means described here can provide much information to guide
therapy. All modes, especially invasive ones, have complications, so should
only be used if benefits outweigh problems. Nurses should actively assess and,
where possible, initiate appropriate monitoring, remembering their individual
accountability when using equipment. Equipment should only be used by staff
competent to do so, and within manufacturers’ guidelines and time limits.
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Valuable recent medical reviews include Chaney and Derdak (2002) and
Polderman and Girbes (2002). Beevers et al. (2001) are authorities on hyper-
tension. Cooper and Cramp’s (2003) pocketbook is valuable for managing
critically and acutely ill patients. Garretson (2005) reviews arterial catheters
and nursing care. Hett and Jonas (2004) describe less invasive modes of
cardiac flow monitoring.

Clinical scenarios

Mrs Ellen Harrison, 62 years old, is admitted to the ICU with a chest

infection and possible sepsis. She is sedated, mechanically ventilated with

intravenous infusions of noradrenaline at 0.4 mcg/kg/min and milnirone

at 248 ng/kg/min. Mrs Harrison is 1.75 m tall and weights 75 kg (body

surface area of 1.90 m?). A pulmonary artery catheter is floated to

provide additional information and tract responses to drug infusions.
Her haemodynamic profile reveals:

BP 140/50 mmHg (MAP 80 mmHg]
HR 112bpm
Rhythm Sinus tachycardia with selferminating runs of unifocal
venfricular ecfopics
CvpP 16 mmHg
CcO 5.6 litres/minute Cl 2.9 litres/minute/m?
SV 61 ml SVI 32 ml/beat/m?
SVR 744 dynes/second/cm? SVRI 1416 dynes/second/cm?®/m?
PVR 157 dynes/second/cm? PVRI 300 dynes/second/cm?/m?

LVSWI 23 gm/m/m?
RVSWI 4 gm/m/m?

PAP 38/20 mmHg (mean PAP = 27 mmHg)
PCWP 14 mmHg
SvO2 81 per cent

Q.1 (a) Identify nursing interventions that can assist in preventing
complications associated with PA catheters.
(b) Why is a chest X-ray performed after the insertion of a PA
catheter?
(c) Note symptoms which may indicate pulmonary infarction.

Q.2 Compare Mrs Harrison’s haemodynamic values to normal para-
meters. Reflect on likely cause and implications of abnormal results,
for example, on Mrs Harrison’s perfusion and oxygen delivery; will
she be warm, cool, dilated, constricted.

Q.3 Consider the clinical implications of Mrs Harrison’s haemodynamic
values and how they may guide changes in her vasoactive drug infu-
sions rates. Devise a plan of care to include rationales for choice of
prescribed drugs and/or fluid therapies and haemodynamic goals.
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Blood is a major transport mechanism for the body, so what is in blood reflects
body activity. ICU nurses usually download results from desktop computers,
so recognising abnormal values and knowing what to do about them enables
early and appropriate interventions. This chapter outlines main haematology
and biochemistry results. Liver function tests, including albumin, are outlined
in Chapter 42 and cardiac markers (troponin, myoglobin, CK) are included in
Chapter 30.

Although results are discussed individually below, low levels may be caused by

B dilution
B loss
B failure of supply or production

while high levels may be from

B dehydration (haemoconcentration)
B excessive intake/production
B failure to metabolise or remove (e.g. hepatic or renal dysfunction).

Dilution (from large volume intravenous infusion) and haemoconcentration
(from excessive drainage or fluid shifts) are not identified specifically below,
but should always be considered as possible causes of high (haemoconcentration)
or low (haemodilution) results.

Sampling errors may cause erroneous results such as

venepuncturing limbs where IVIs are running

insufficient blood

incorrect bottles

incorrect inversion times for bottles (resulting in insufficient mixing of
additives)

incorrect labelling

so results appearing inconsistent with patients’ clinical state should be checked.

Many treatments of abnormalities are identified, but other treatments are
possible. Treatments identified are those normally used in the ICU, so are not
necessarily appropriate in other settings.

Haematology

There are three types of blood cells:

B erythrocytes (red blood cells — RBCs)
B leucocytes (white cells)
B platelets
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Table 21.1 Erythrocyte results

RBC males 4.5-6.5 x 107 2/litre
females 3.9-5.6 x 10~ 2/litre

Hb males 13.4-17 5 g/dl
females 11.5-17 5 g/dl

PCV /Hct males 40-52%
females 36-48%

MCV (mean cell volume) 80-95 um=3

MCD 6.7-7.7 um

MCHC [mean corpuscular 32-35 g/dl

haemoglobin concentration)
MCH (mean corpuscular 28-32/g

haemoglobin)

s0, a full blood count includes

B haemoglobin (oxygen carriage)

B white cell count (WCC — immunity), with specific types of white cells also
counted

B platelets and other clotting measurements.

All blood cells are produced by bone marrow, so diseases or treatments that
cause bone marrow suppression affect counts of all cells. Various tests that can
be performed on erythrocytes (summarised in Table 21.1), but haemoglobin is
the main one used in the ICU. Haemoglobin is also measured by blood gas
analysers.

Haemoglobin (Hb)

Normal: 13-18 g/dl (men) and 11.5-16.5 g/dl (women).

Polycythaemia (raised levels) is usually an adaptive response to chronic
hypoxia. People living at very high altitudes are often polycythaemic, but in
the UK it is usually a response to chronic lung, or sometimes cardiac, disease.

Critical illness usually causes low levels from

blood loss

dilution

reduced erythropoeisis

reduced erythrocyte lifespan, with sepsis (McLellan ez al., 2003)

and sometimes anaemia (see Table 21.2) or other causes, including
latrongenic.

Haemoglobin transports most oxygen in arterial blood, so low haemoglobin
reduces oxygen carrying capacity. Oxygen delivery to cells is a paradox
between oxygen carriage (erythrocytes) with oxygen delivery (plasma). Blood
is plasma and cells; plasma is mainly (90-95 per cent) water, and most blood
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Table 21.2 Some types of anaemia

iron deficiency: the most common cause of anaemia. In the ICU this is usually due to
blood loss, impaired erythrocyte production and reduced erythrocyte lifespan. With rapid
blood loss [e.g. frauma, surgery), plasma is replaced within 1-3 days, but erythrocytes
take 3-6 weeks to refurn fo normal numbers, so haemoglobin concentration (grams per
decilitre] will be low between these two times. Impaired renal production reduces
erythroposeises, while sepsis reduces erythrocyte life

microcyfic: chronic blood loss exhausts iron sfores, so although erYThrocytes numbers may
be normal, they contain relafively little haemoglobin and are smal

aplastic: bone marrow dysfunction [e.g. from chemotherapy or radiation) prevents
erythrocyte formation

megablostaic: lack of vitamin B12, folic acid or infrinsic factor delays erythropoesis,
resulfing in large, misshapen erythrocytes

haemolytic: erythrocytes are prematurely destroyed. In the ICU, this frequently occurs with
sepsis. Elsewhere, abnormalities, often genetic, cause abnormal fragility, resulting in
premature haemolysis. So despite large numbers being formed, their lifespan in short,
resulting in low erythrocyte and haemoglobin levels.

cells (99 per cent) are erythrocytes. Higher haemoglobin concentrations
therefore make blood thicker, while lower levels make it more dilute. Dilute
blood flows more easily through capillaries, from which tissue cells receive
oxygen. So dilute blood carries less oxygen but delivers it more effectively.
Moderate anaemia improves survival from critical illness, survival being
highest with Hb 7-9 g/dl (Herbert et al., 1999).

Blood counts may also identify reticulocytes. Recticulocytes are immature
erythrocytes, released prematurely from bone marrow. When released,
erythrocytes lose their nucleus, so premature released cells remain immature,
less able to carry oxygen. Normal reticulocyte counts are 0.5-1.5 per cent for
men and 0.5-2.5 per cent for women (Mahon & Hattersley, 2002). Excessive
release of reticulocytes is usually caused by increased demand, such as chronic
hypoxic states, or exogenous erythropoetin.

Because most blood cells are erythrocytes, paced cell volume (PCV), also
called haematocrit (Hct), also indicates erythrocytes, as a percentage of total
volume.

Treatment: low Hb (<7 g/dl) can be treated by blood transfusion.

White cell count

Normal: 5-10 X 10%/microlitre.

Leucocytes form part of the immune system, so raised levels usually indicate
infection. Counts may be raised by excessive immune responses.
Immunodeficiency inhibits this response, and severe sepsis destroys large numbers
(see Chapter 33), so infection cannot be excluded if counts are normal or low.

Low counts (leucopaenia) can be treated with granulocyte colony stimulat-
ing factor (GCSF), but this takes about one week to work, so although it is
useful for oncology, it has little value in critical illness.



Table 21.3 Normal white cell counts

White cell type x 10°/litre per mm® %
Neutrophils {polymorphs) 2.5-7.5 2500-7500 50-70
Basophils <0.2 <200 =3
Eosinophils 0.04-0.44 40-400 =5
Lymphocytes 1.5-4.0 1500-4000 =12-50
Monocytes 0.2-0.8 200-800 3-15

Note: (UK uses X 10°/litre)

There are two main groups of leucocytes:

B granulocytes
B agranulocytes

identified by whether or not cell membranes contain granules. Granulocytes
tackle acute infections, whereas agranulocytes fight long-term chronic problems.
Both main groups have further sub-types of cells. Normal counts are identified
in Table 21.3.

Within hours of release, leucocytes migrate from blood into tissues where
they remain unless mobilised back into the bloodstream by infection — hence
rapid rises in WCC with infection.

Treatment: usually, underlying causes are treated — e.g. infection with
antibiotics. Low neutrophil count may be an indication for protective isolation
(reverse barrier nursing).

BLOOD RESULTS

Granulocytes

There are three types of granulocytes:

B neutrophils (polymorphoneuclear, so ‘polymorphs’)
B basophils
B cosinophils

identified by laboratory staining.

Most leucocytes (50-70 per cent) are neutrophils. Neutrophils are the first
and main defence against infection, destroying bacteria by phagocytosis,
resulting in pus. With infection, neutrophil count rises before other types of
leucocytes.

Basophils promote inflammatory responses, so are normally associated with
healing, allergic responses or persistent problems. Basophils are mainly respon-
sible for releasing the inflammatory mediators from mast cells — histamine,
leucotrienes and proteases (Minors, 2004) that often complicate critical illness.

Eosinophils are mainly anti-parasitic and involved in allergic reactions
(Minors, 2004).
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Agranvlocytes

There are two types of agranulocytes:

B Ilymphocytes — T and B
B  monocytes.

Most (four-fifths) lymphocytes are T-lymphocytes, which recognise and
kill infected cells. Antigen recognition causes enlargement and differentiation
into

B killer cells (also called cytolytic, cytotoxic, T8 or CD8), which attach
themselves to invading cells where they are activated, secreting lympho-
toxins, cytokines and interferon, which kill or prevent replication of cells;

B Jelper cells (also called T4 or CD4), which assist B-lymphocytes increase
antibody production. Most helper cells contain the CD4 marker, and so
are labelled CD+ (CD = cluster designation);

B memory cells, which memorise antigens;

B supressor (or regulatory) cells, which limit damage to the body’s own
tissue (Guyton & Hall, 2000). Not all texts identify this fourth group of
T-lymphocytes.

B-lymphocytes produce antibodies and release immunoglobulins to neutralise
toxins and viral activity, promoting bacterial lysis and phagocytosis. Of the
five immunoglobulins, three (IgA, IgG, IgM) are mainly carried by intravas-
cular B-Imyphoctes. Each group of immunoglobulins has further subclasses
(e.g. Ig has four, labelled Ig', Ig?, Ig3, Ig*).

IgA, relatively unimportant for systemic humoral immunity, is found
mainly in mucus membranes: mucus, saliva, tears, sweat and breast milk.

IgD only trace amounts are found in serum (Feldkamp, 2003), primarily on
plasma membranes of B-lymphocytes.

IgE attaches itself to antigen cell membranes of basophils and mast cells of
connective tissue, initiating leucocyte destruction or damage. Leucocyte
damage releases intracellular vasoactive mediators, including histamine.
Unless antigens are present, serum contains only trace amounts of IgE
(Feldkamp, 2003).

IgG, the main immunoglobulin in blood, is a major mediator of allergic
reactions. IgG readily enters tissues, coating micro-organisms prior to
phagocytosis.

IgM is the first immunoglobulin released during primary immune response
to antigens.

Monocytes migrate from blood into tissues, where they can mature
into macrophages (‘big eaters’). Counting macrophages is impractical, as
they are in interstitial spaces, but precursor monocytes can be measured in

blood.
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Platelets (thrombocytes)

Normal: 150-400 X 10%litre.

Formed in the bone marrow, platelets circulate in the bloodstream for about
10 days. Normally kept inactive by endovascular chemicals (e.g. prostacyclin),
they are activated by platelet activating factor (release by endothelium of
damaged blood vessels) to assist with clotting.

Platelet counts are often low in critical illness, from

B loss from bleeding
B impaired production
B anti-platelet drugs (e.g. aspirin, clopidogrel).

However, impaired blood flow and immobility exposes ICU patients to high
risk of deep vein thrombosis (DVT), and pulmonary embolism (PE). Most ICU
patients are therefore prescribed prophylactic anticoagulants, titrated against
clotting studies.

Treatment: platelets can be transfused if indicated.

Albumin and total protein

Normal: albumin 35-50 g/litre

total protein (TP): 60-80 g/litre.

Plasma proteins create most of the colloid osmotic pressure that retains
normal plasma volume within the bloodstream. Low plasma protein levels there-
fore causes excessive extravasation, hypovolaemia and oedema. Proteins also

B bind drug
B transport substances (e.g. bilirubin)
B  are antioxidants.

So plasma protein, especially albumin, deficiency causes hypovolaemia,
oedema and many other complications. Although there are many plasma
proteins, more than half of total protein concentration is albumin, and
albumin exerts three-quarters of plasma protein colloid osmotic pressure.

The liver produces plasma proteins from dietary protein. Malnutrition
and liver hypofunction therefore cause hypoalbuminaemia. Normal albumin
half-life is 18-20 days (Maloney et al., 2002). ICU patients usually have
significantly reduced plasma protein levels, reductions usually worsening with
severity of disease.

Treatment: exogenous albumin has only transient effects. Patients should be
fed early, enabling the liver to produce albumin.

Clofting studies

Normal APTT: 25-35 seconds
PT: 10-12 seconds
INR: normal 0.9-1.1.
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In addition to platelet count, clotting is usually measured by:

B activated partial thromboplastin time (APTT - replaced partial thrombo-
plastin time — PTT)

B prothromin time (PT); also called activated prothromin time (APT)

B international normalised ratio (INR).

D-dimers are discussed separately below. Other possible studies (not discussed
further) include

B bleeding time (BT): normally 3—10 minutes, which measures platelet plug
formation

B thrombin time (TT): normally 12 seconds, which tests fibrinogen
conversion to fibrin

B fibrinogen: normal 1.8-5.4 g/litre.

APTT and PT are measured against a control, which is often (but not always) 1.
INR measurement includes the control, so is simpler, and is usually the
preferred test.

Treatment: with anticoagulant therapy INR should normally be kept
between 2.0-2.3 (BCSH, 1998). Outside these levels, anticoagulant dose
should be adjusted.

D-dimers

Normal: <250 nanograms/ml (pg/litre), sometimes reported as ‘negative’.
D-dimers are fibrin degradation products. Fibrinolysis (clot breakdown)
releases fibrin from clots, releasing fibrin degradation products (FDPs). In
health, only small amounts of FDPs and D-dimers circulate in blood, but
excessive fibrinolysis generates excessive levels. D-dimers can originate from
any clot breakdown, but as cardiac markers would be tested if myocardial
infarction were suspected, elevated D-dimers are likely to indicate either deep
vein thrombosis or pulmonary emboli. If D-dimers are negative, DVT can be
excluded (Wells et al., 2003; British Thoracic Society, 2003), but positive/
elevated results may be caused by renal failure (Kelly ez al., 2002), so D-dimers
on their own are insufficient to confirm diagnosis of PE (Rathbun et al., 2004).
Treatment: treat the disease — e.g. with intravenous heparin.

Biochemistry

C-reactive protein indicates inflammation, is widely used, and so is discussed
first. Important urea and electrolyte (U + E) results, and the ones discussed
here, are

B sodium
B potassium
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chloride
glucose
phosphate
magnesium
calcium
urea
creatinine.

Most electrolyte deficiencies can be treated by electrolyte supplements,
through various routes. Many intravenous electrolytes should be infused
through central lines.

C-reactive protein

Normal: CRP = 0-10 mg/ml.

C-reactive protein (CRP) is an acute phase protein, released with systemic
inflammation (Venugopal et al., 2002; Tousoulis et al., 2003; Lobo et al.,
2003). Causes of inflammation are inferred from individual patient contexts.
In the ICU, CRP, with other results, usually infers sepsis/SIRS (see Chapter 33)
(P6voa, 2002; Warren et al., 2002).

Treatment: treat the disease — e.g. SIRS with system support.

Sodivm (Na*)

Normal: 135-145 mmol/litre.

Sodium is the main intravascular cation. Abnormal levels usually indicate

hydration status. Hyponatraemia can be caused by excessive sodium loss
(vomiting, diarrhoea, sweating), but in ICU patients is usually caused by fluid
shifting from intracellular (where sodium concentration is normally
14 mmol/litre) to intravascular spaces, causing dilution. Severe hyponatraemia
(<120) may cause encephalopathy.
Treatment: hyponatrameia is treated by giving sodium, usually as normal
saline, relying on the kidney to remove excess water while conserving salt.
Hypernatraemia usually indicates dehydration, rehydration being achieved
with water, usually as 5% glucose.

Potassium (K*)

Normal: 3.5-4.5 mmol/litre.

Potassium is used for cardiac conduction; hypokalaemia impairs conduction,
so can provoke bradycardia and escape dysrhythmias, while hyperkalaemia
can cause trachydysrhythmias. With patients at risk of cardiac dysfunction
(most ICU patients) it is safer to maintain levels at 4-5 mmol/litre, slightly
higher than normal physiological levels.

Most (90 per cent) potassium loss is renal, so blood potassium levels
usually follow urine output: polyuria causes hypokalaemia, while oliguria
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causes hyperkalaemia. Intracellular fluid contains far higher potassium
concentrations (140-50 mmol/litre), so extensive cell damage (such as major
trauma) or large fluid shifts can also cause hyperkalaemia. Haemolyis causes
potassium leak from damaged blood cells, so haemolysed samples indicate
high potassium.

Treatment: life-threatening hyperkalaemia (>6 mmol/litre) should be
urgently treated with intravenous glucose and insulin infusion, which transfers
potassium into intracellular fluid. Concurrent intravenous calcium (gluconate
or chloride) stabilises cardiac conduction. Less severe hyperkalaemia
(5-6 mmol/litre) may be treated with calcium resonium, given orally if the gut
is functional and the patient able to take it, or rectally if not (Humphreys,
2002). If hyperkalaemia is caused by fluid shifts, patients should be aggressively
rehydrated.

A few small paediatric studies, such as Kemper et al. (1996), used salbutamol
to transport potassium into cells, but this practice seems questionable.

Hypokalaemia is treated with potassium supplements. Strong potassium
concentrations (such as 40 mmol in 100 ml) are often infused in the ICU,
but must be given through a central line, as peripheral infusion is very
painful and likely to cause severe thrombophlebitis. Strong potassium concen-
trations should only be used in critical care areas (NPSA, 2002) where
continuous ECG monitoring, potassium analysers and high staffing levels are
available.

Chloride (CI-)

Normal: 95-105 mmol/litre.

As the main extracellular anion, hyperchloraemia can cause metabolic
acidosis (see anion gap, Chapter 19). Normal saline fluids are hyperchloraemic
(154 mmol/litre chloride), so excessive infusion of intravenous saline can cause
hyperchloraemic acidaemia. Hyperchloraemia can also impair mental function
and cause abdominal discomfort, headaches, nausea and vomiting.

Treatment: hyperchloraemia is usually from excessive saline infusions,
which should be discontinued.

Glucose (C;H,,0;)

Normal: 4.4-6.1 mmol/litre.

Glucose is the main source of intracellular energy (see Chapter 24), needing
insulin to transport it into cells. Insulin deficiency or resistance therefore
causes hyperglycaemia. In critically ill patients, the stress response and various
drugs (e.g. corticosteroids, adrenaline) reduce insulin production and increase
insulin resistance. Even moderate hyperglycaemia aggravates immunocompromise
(Torpy & Chrousos, 1997). Maintaining normoglycaemia reduces mortality
from critical illness (Van Den Berghe et al., 2001),

Treatment: hypoglycaemia is treated by giving glucose. Hyperglycaemia in
the ICU is usually treated with insulin infusions (see Chapter 46).
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Phosphate (PO,3")

Normal: 0.8-1.45 mmol/litre.
Most (85 per cent) phosphate is in bones. Elsewhere, phosphate

B produces ATP (cell energy)

B produces 2,3 DPG (assists oxygen dissociation from haemoglobin)
B buffers acids (phosphate is the main intracellular buffer)

B reduces free fatty acids.

Hyperphophosphaemia, rare in the ICU except when patients have chronic
renal failure, stimulates parathyroid hormone production, so may cause
calcium imbalance, and so dysrhythmias.

Hypophosphataemia often occurs, causing potential

B muscle weakness, including respiratory muscles (which may delay weaning)
B intracellular acidosis
B intracellular hypoxia.

Treatment: hypophophataemia is usually treated by phosphate infusion (often
50 mmol over 24 hours). Oral supplements are also available.

Magnesivm (Mg*+) or (MgZ+)

Normal: 0.75-1.0 mmol/litre.
Magnesium (‘nature’s tranquilliser’) stabilises cell membranes, reducing
conduction. Blood magnesium, only 1 per cent of total body magnesium,

B vasodilates
B delays atrioventricular cardiac conduction.

Hypomagnesiumaemia, usually from malnutrition or excessive diuresis,
occurs in many ICU patients (Dubé & Granry, 2003), and may cause tachy-
dysrhythmias (Abbott ef al., 2003; Dubé & Granry, 2003) and other prob-
lems. Hypermagnesiumaemia (>3 mmol/litre) may cause cardiac and/or
respiratory arrest.

Treatment: Various magnesium supplements (and concentrations) are available.

Calciuvm (Ca**) or (Ca?*)

Normal: total calcium 2.25-2.75 mmol/litre; ionised levels 1.1-1.3 mmol/litre.
Like magnesium, only 1 per cent of body calcium is in blood, but blood
calcium facilitates

cardiac conduction
muscle cell contraction
cell function

clotting.
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About half blood calcium is normally protein-bound, and half free (ionised, or

unbound). Laboratories normally measure total blood calcium, but gas analysers

normally measure ionised calcium. Only free (unbound) calcium is active.
Protein binding is affected by various factors, including

B plasma protein concentration (mainly albumin)
B pH - acidosis releases more calcium from protein, so increasing ionised
levels.

With abnormal blood protein levels, laboratories may ‘correct’ calcium levels
to reflect the amount of physiologically active (ionised) levels.
Hypocalcaemia may be caused by

B sepsis
B renal dysfunction
B heparin therapy

and other diseases and treatments.
Treatment: Hypocalcaemia is treated with calcium supplements.

Urea
Normal: 3-9 mmol/litre.

Urea is a nitrogenous waste product of (any) protein metabolism, and is
normally cleared in urine. High urea and creatinine usually indicates renal
failure, but if uraemia disproportionately exceeds creatinine (ratio is usually
approximately 1:20) excessive protein metabolism is more likely, especially
from digestion of blood following gastrointestinal bleeds.

Treatment: raised urea (and creatinine) indicate renal failure. Support,
possibly including renal replacement therapy, should be considered.

Creatinine

Normal: female 50-90 micromol/litre, male 70-120 micromol/litre.
Creatinine, a waste product of muscle metabolism (hence gender
differences), is normally cleared in urine. With renal failure, levels usually rise
steadily 50-100 micromol/day (Skinner & Watson, 1997), so function should
be assessed through trends from a series of samples.
Treatment: as urea.

B Blood results reflect body activity.

B Samples should be taken and labelled carefully to avoid erroneous results
or delay.

B Low results are caused by: dilution, loss or failure of supply/to produce.



B High levels are caused by: dehydration (haemoconcentration), excessive
intake/production or failure to clear.

Optimum Hb for critically ill patients is 7-9 g/dl.

Persistent hyponatraemia and hyperkalaemia is often caused by fluid
moving from intracellular to intravascular compartments.

Severe hyponatraemia (<120 mmol/litre) may cause encephalopathy.
Maintaining normoglycaemia (4.4-6.1 mmol/litre) increases survival from
critical illness.

Nurses should identify and report normal results.

Summary

Blood is the transport system of the body, so abnormal results indicate prob-
lems, but may also cause further complications. Nurses usually download
results before medical staff, so understanding main results and how abnor-
malities should be managed enables earlier treatment.

Higgins (2000) provides an accessible book about laboratory investigations.
Journals intended primarily for medical students occasionally publish articles
overviewing interpretation of blood results (such as Ackrill & France, 2002).
Van Den Berghe (2001) and Herbert et al. (1999) significantly changed practice.
www.routledge.com/textbooks/0415373239

For Clinical Scenarios, Clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Henry Duff is a 68-year-old known diabetic. He was admitted two days
ago with bleeding gastric ulcers and has frequent episodes of melaena.
He is self ventilating on 28 % oxygen via nasal cannulae, with a respiratory
rate between 18-28 breaths/min. He has an intravenous infusion of
Omeprazole (80 mg over 10 hours) in progress. Henry appears to be
hallucinating, reports visual disturbances, is confused and at times
agitated with the following blood results.

Haematology Biochemistry Arterial blood gas

Hb 9.2g/dl CRP 102 mg/litre pH 7.48

WBC 18.7 X Na* 162 mmol/litre PaCO, 4.33 kPa
10~ 9/ litre

Neutrophils 15.2 X K+ 4.7 mmol/litre PaO, .55 kPa
10~ 9/litre

Lymphocytes 2.5 % Cl= 130 mmol/litre HCO3 25.7 mmol/litre
10~ 2/litre

BLOOD RESULTS
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Platelets 234 x HCO, 25 mmol/litre Base excess 1.1 mmol/litre
10~ 9/ litre
MCV Q0 wm? Glucose 10.5 mmol/litre  Lactate 1.5 mmol/litre
PO,~2 0.74 mmol/litre
INR 1.2 Mg?* 0.72 mmol/litre
APTT ratio 1.58 Ca?* 2.38 mmol/litre
Urea 18.6 mmol/litre

Creatinine 136 umol/litre
Bilirubin 36 mmol/litre

AT 38 iu/litre

Alk Phos 129 iu/litre

Albumin 16 g/litre

Gamma 132 iu/litre
GT

Q.1 Interpret Henry’s blood results and note the clinical significance of
abnormal values. Consider which of the abnormal blood results is
caused by Henry’s pathophysiology, and which may be caused by
sampling errors.

Q.2 Explain the potential causes of Henry’s hypernatreamia. Identify
interventions and therapies that should be implemented to resolve
abnormality.

Q.3 Review other blood tests which could aid the assessment process for
Henry’s condition, and provide a rationale for these suggestions.
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Some dysrhythmias are immediately life threatening. If not immediately life
threatening, dysrhythmias usually compromise cardiac function (reduced
stroke volume, increased tachycardia and myocardial hypoxia) and are usually
symptoms of some problem. Dysrhythmias may be acute or chronic. Chronic
dysrhythmias (atrial fibrillation being especially common) should be
controlled, but can rarely be reversed. Most acute dysrythmias should be
actively reversed if possible, with close haemodynamic monitoring and
support where reversal is not possible.

Although ICU nurses seldom see the range of dysrhythmias encountered in
coronary care units, ECG monitoring is standard, so nurses should be able to

B identify dysrhythmias

B identify likely causes from patients’ histories

B know usual management and treatment for commonly-occurring
dysrhythmias.

As with almost all problems, early intervention reduces complication and
improves survival and outcome, so ICU nurses should develop expertise in this
fundamental aspect of critical care monitoring.

This chapter briefly revises normal cardiac conduction. Action potential is
then described, to explain effects of both electrolytes and some drugs on
cardiac impulses. Some commonly used drugs are mentioned, but practices
vary, so users should consult Summary of Product Characteristics (SPC) or
pharmacopaedias for detailed information on drugs.

Normal conduction begins in the sino-atrial node, passing through atrial
muscle to the atrioventricular node, then passing from the atrioventricular
node through the ventricular conduction pathway and into ventricular
myocytes. There are therefore three key stages in normal cardiac conduction
and the ECG:

B atrial (P wave)
B atrioventricular node (PR interval)
B ventricular (QRS complex, ST segment, T wave).

Dyrhythmias can originate in any part of the heart. This chapter discusses
dysrhythmias in sequence: atrial, atrioventricular, ventricular.

The etymologically more accurate ‘dysrhythmia’, rather than the more
popular ‘arrhythmia’, is used here as, except for asystole, rhythms are
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problematic rather than absent. Being for ICU nurses caring for patients with
acute physiological crises, this chapter focuses on acute rather than chronic
problems.

Basic principles of electrocardiography

An ECG is a graph of myocardial electrical activity, representing three
dimensional events in two. This section summarises basic principles for
revision. Any parts unfamiliar to readers should be revised further before
proceeding (e.g. from Hampton, 2003a).

B ECG graph paper, unlike standard mathematical graph paper has only
25 (5 X 5) small squares in each large square

B each small square is 1 mm

B horizontal axis represents time

B ECGs are normally recorded at 25 mm/second

B recorded at 25 mm/second, one large square = 0.2 seconds, one small
square = 0.04 seconds

B vertical axes represent voltage; a calibration square (normally
10 mm = 1 mv = 2 large squares) should appear at the beginning or end
of ECGs

B normal sinus rhythm (Figure 22.1) is labelled PQRST

B P = atrial depolarization

B QRS = ventricular depolarisation

B T = ventricular repolarisation

B SA and AV nodes have both sympathetic and parasympathetic nerve
fibres, so are affected by brainstem control and vagal stimulation

B electrical conduction is normally rapidly followed by related muscle
contraction, except PEA (see later)

B limb electrodes are normally colour-coded:

® red = right arm
® yellow = left arm
® black/green = left leg

B electrical “pictures’ remain unchanged anywhere along limbs, or on a line
between the limb joint and heart, so electrodes may be placed anywhere
along the picture line

B limb leads examine electrical activity along a vertical plane. The electrodes
on the right arm, left arm and left leg (forming ‘Einthoven’s triangle’)
create the following limb leads:

lead T = right arm to left arm (bipolar)

lead II = right arm to left leg (bipolar)

lead III = left arm to left leg (bipolar)

aVR = augmented Vector Right (arm; unipolar)
aVL = augmented Vector Left (arm; unipolar)
aVF = augmented Vector Foot (left leg; unipolar)
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Normal wave form

M Figure 22.1 Normal sinus rhythm

B chest leads examine electrical activity along a horizontal plane, from right
atrium, through right ventricle, septum, left ventricle, to left atrium
(Figure 22.2):

C (or V) 1 (red): 4th intercostal space, to right of (patient’s) sternum
C2 (yellow): 4th intercostal space, left of sternum

C3 (green): between C2 and C4

C4 (brown): Sth intercostal space, midclavicular line

CS5 (black): between C4 and C6

C6 (purple): Sth intercostal space, mid axilla

nb: breast tissue (fat is a poor conductor), wounds or invasive equipment may

necessitate slight approximations

B normal times: P wave = 0.1 seconds (2.5 small squares)
PR interval* = 0.12-0.2 seconds (3-5 small squares)
QRS = 0.06-0.12 seconds (1¥2-3 small squares)
T wave = 0.16 seconds (4 small squares)
QT interval = < 1/2 preceding R-R interval, maximum
0.4 seconds (2 large squares)
* measure PR intervals from beginning of the P wave to the start of the QRS
B sinus rhythm = technically, any rhythm origination from the sinoatrial
node, although in practice the term is often used to describe regular
rhythms of 60-100 bpm originating from the SA node.



ECGs AND DYSRHYTHMIAS

M Figure 22.2 Chest lead placement

Table 22.1 Provides a framework for ECG interpretation.

Lead changes

Each lead views cardiac conduction differently, changes being more prominent
in leads which best view areas of ischaemic/infarcted myocardium:

anterior : C1-C4

lateral: I, aVL, C4-C6
anterior lateral: I, aVL, C4-Cé6
anterior septal: C1-C3
inferior: II, III, aVF

apex: C§, Cé6

septum C2, C3.

Usual lead placement does not view posterior myocardium clearly, but poste-
rior infarction is best seen in C1 and C2.

Atrial kick

Atrioventricular dyssynchrony, which occurs with any rhythm where atrial
contraction does not precede ventricular contraction (almost all dysrhythmias
originating below the atrium) causes loss of ‘atrial kick’, reducing stroke
volume by one-fifth (Falk, 2001). Unless compensatory tachycardia occurs,
reduced stroke volume causes hypotension.

ST abnormalities

From the S wave, ECG complexes should return almost vertically to the isoelectric
line, with a gap then occurring before the T wave (ventricular repolarisation). Any
ST elevation or depression should be noted and, if new, reported.
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Table 22.1 Framework for ECG interpretation

Recording the ECG

Are electrodes correctly placed (red = right arm, yellow = left arm, green/black = left
leg)e

Is there a clear baseline (isoelectric line)?

Regularity
Is the rhythm regular?
If not, is it

B regularly irregular [is there a pattern?)
B iregularly irregular (no pattern).

P wave

Does the P wave appear before the QRS2
Is there one P wave for every QRS2

Is the shape normal?

Are P waves missing@

PR interval
Is the PR inferval 3=5 small squares?

QRS complex

Is QRS width within 3 small squarese
Is the QRS positive or negative?

Is the axis normal?

Does it look normale

ST segment

Does the isoelectric line return between the S and the T2

If not, is it

B clevated (>1 mm above isoelectric line)

B depressed (<0.5 mm below isoelectric line)?

T wave

Does the T wave look normal?

Is the QT inferval <1/2 preceding R—R interval, and maximum 0.4 seconds
Tachycardia (> 100/minute)

narrow complex (usually with P waves) = atrial (supraventricular)
wide complex [without P wave) = ventricular.

ST elevation (1 mm in chest leads, 2 mm in limb leads) in two or more
consecutive leads usually indicates acute myocardial infarction. Classification
of acute coronary syndromes into

B ST elevation myocardial infarction (STEMI)
B non ST elevation myocardial infarction (NSTEMI) and
B unstable coronary syndromes

is discussed in Chapter 30. Chest pain, together with either ST elevation or a
new left bundle branch block, is sufficient indication for urgent thrombolysis.

ST elevation can also be caused by other problems, including pericarditis,
hyperkalaemia and pulmonary embolism (Wang ez al., 2003).
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Causes of ST depression include digoxin, ischaemia, ventricular hypertrophy
and hypokalaemia.

U waves

U waves are often absent, but if present appear like a second, smaller T wave,
and are often difficult to detect. U waves often appear in healthy people,
especially athletes (Meek & Morris, 2002), so are not usually pathological,
but may indicate electrolyte abnormality, especially hyperkalaemia (Slovis &
Jenkins, 2002) or hypercalcaemia (Meek & Morris, 2002).

Action potential

While interstitial and intravascular concentrations of sodium and potassium
are similar (normally Na* 135-45, K* 3.5-4.5), intracellular concentrations
are approximately opposite (normally Na* 14, K* 120-40). This maintains
resting muscle cell membrane potential (or charge) at approximately minus
70-90 millivolts (mv).

Sequential opening of various channels in myocyte membranes changes
cation (sodium, calcium and potassium) concentrations, making this charge
progressively less negative, and eventually positive (about +30 mv), before
restoring the resting negative charge. When electrical charge changes, cells
are electrically excitable, so able to initiate or conduct impulses. Changing

40 (b)
20 (c)
O —
—20 (a) ;
a0 )

—60

Action potential (mV)

—80 - (e)

-100

(a) Rapid depolarisation: influx via fast sodium channel (phase 0).
(b) Fast calcium channel open (phase 1).

(c) Plateau: slow calcium channel open (phase 2).

(d) Rapid depolarisation: potassium channel open (phase 3).

(e) Resting phase (phase 4).

M Figure 22.3 Action potential
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electrical charge of myocyte membranes therefore create the potential for
action, shown graphically in Figure 22.3.
Action potential is divided into phases, numbered 0—4 (see Figure 22.3).

phase 0 (upstroke) is the fast sodium channel opening, allowing rapid
influx of extracelluar sodium ions into sodium-poor intracellular
fluid, causing rapid depolarisation.

phase 1 (spike) is the fast or transient calcium opening briefly, allowing
calcium influx. This gives action potential graphs their characteristic
peak.

phase 2 is the ‘plateau’ (or absolute refractory period), caused by the
slow or long lasting calcium channel opening. This prevents cardiac
muscle responding to further stimulus, ensuring co-ordinated
action, and so strength of contraction. Hypercalcaemia therefore
increases contractility — excitability can be reduced with calcium
channel blockers.

phase 3 is when the potassium channel opens, allowing potassium
efflux and rapid repolarisation.

phase 4 is the ‘resting’ or depolarisation phase. Slow passive potassium
leak restores negative resting membrane charge. Catecholamines
shorten, while vagal stimulation prolongs, this phase.
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Mpyocardial hypoxia is often present, so oxygen is usually a first-line treatment.
Underlying causes (e.g. hypokalaemia) of dysrhythmias should be resolved,
but asymptomatic dysrhythmias seldom require treatment. However, usual
symptoms (e.g. pain, dyspnoea, syncope) may remain unrecognised in
semiconscious ventilated patients. Cardiac rhythm affects blood pressure:

blood pressure = heart rate X stroke volume
X systemic vascular resistance

so haemodynamic compromise necessitates action.

Most drugs used either suppress myocardial automaticity or change
conduction through the AV node (some increasing, others decreasing).
Bradycardic dysrhythmias may need positive chronotropes (e.g. atropine).
Tachycardic dysrhythmias are often caused by overexcitability of conduction
pathways. Atrioventricular node conduction can be reduced with digoxin
(cardiac glycoside). Ventricular conduction may be blocked with

B B-blockers (esmolol, sotalol, propanolol), which inhibit beta receptors (see
Chapter 35)

B calcium channel blockers (e.g. diltiazem) increase refractory periods of
action potentials, so slow ventricular conduction. Verapamil should not be
given after B-blockers or digoxin.

Antidysrhythmic drugs (‘Vaughan Williams classification’ — see Table 22.2) are
classed according to effect on action potential.
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Table 22.2 Antidysrhythmic drug classification (Vaughan Williams),
after Bennett (2002)

Class | drugs
drugs: IA: quinidine, procainamide, disopyramide, pirmenol
increase durafion of action potential; affecting afria and ventricles
IB: lidocaine, mexiletine, tocainide
shorfen duration of action potential; affect only ventricles
IC: flecainide, propafenone, encainide
less effective, but affect atria and ventricles
action: inhibit sodium channel

Class Il drugs

drugs: betablockers, brefylium

action: reduce rafe of pacemaker discharge
Class Ill drugs

drugs: amiodarone, sofalol, dofefilide, bretylium
action: prolongs action potential

Class IV drugs

drugs: verapamil, diliazem

action: calcium anfagonists

Poor flow (e.g. atrial stasis) can cause thrombus formation, necessitating
anticoagulants. Poor cardiac output may necessitate positive inotropes (see
Chapter 35).

If drugs fail, electrical interventions can convert unstable tachydysrhyth-
mias (cardioversion) or resolve symptomatic bradycardia (pacing).
Cardioversion resembles emergency defibrillation, usually using lower energy
(Joules), with conscious patients usually electively sedated beforehand.

Vagal stimulation (e.g. carotid massage, orbital pressure) temporarily
slows down one-quarter of supraventricular tachycardias (Walker, 2003a), so
can help diagnosis and buy time for further treatment, but will not affect
rhythms originating below the atrioventricular node. Carotid massage can
also cause complications, so should only be performed by those who know
how to use it.

Monitors are neither an end in themselves, nor substitutes for observing
patients, but a means to provide information which should be evaluated in
context of the whole person.

Atrial/junctional dysrhythmias
Sinus arrhythmia (Figure 22.4)

Sinus arrhythmia occurs in a few young, usually athletic, people. Inspiration
increases intrathoracic pressure sufficiently to cause parasympathetic (vagal)
stimulation, slowing sinoatrial rate. Expiration restores the faster rate.
Variations between complexes (e.g. R-R interval) exceed 0.16 seconds, but
rate usually remains only 4-6 bpm apart. High ventilator tidal volumes may
cause sinus arrhythmia. Unless problematic (rare), it should not be treated.
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M Figure 22.4 Sinus arrhythmia

Sinus bradycardia

Although any sinus rate below 60 bpm is technically sinus bradycardia, most
adults remain asymptomatic with higher bradycardic rates, increased ventricular
filling compensating for reduced rate to maintain cardiac output. Significant
problems usually only develop with rates below 50.

Sinus bradycardia may be caused by

B excessive parasympathetic stimulation (e.g. metoclopramide, severe
pain/anxiety, CNS depressants)

B conduction delays (ischaemic/infarcted myocardium, digoxin, calcium
channel blockers, B-blockers)

B hypoxia

B  hypothermia

B raised intracranial pressures

B antihypertensives

B some endocrine states (e.g. hyperthyroidism, myxoedema).

Treatment: sinus bradycardia is only treated if symptomatic (e.g. dizziness,
dyspnoea, hypotension, chest pain). Obvious causes should be removed, so
oxygen should be optimised. Children are especially susceptible to hypoxic
bradycardia, so should urgently be given oxygen, unless there are other
obvious causes for bradycardia.

Drugs include

B anticholinergics (atropine) block parasympathetic stimulation
B sympathomimetics — stimulating sympathetic nerves (adrenaline).

If problematic, such as causing hypotension, severe refractory sinus bradycardia
may necessitate pacing (temporary or permanent).

Sinus tachycardia

232

Tachycardia is any sinus rate >100/minute. Although normal in young
children, tachycardia is abnormal with adults. Mild tachycardia is usually



ECGs AND DYSRHYTHMIAS

compensatory for increased oxygen demand (e.g. pyrexia, hypovolaemia,
sepsis). It can also be from stimulants, such as positive chronotropic drugs —
most positive inotropes have positive chronotropic effects. Faster tachycardias
(>140/minute) may be compensatory, caused by stimulants, or dysrhythmic in
origin, such as from ectopic atrial pacemakers.

Tachycardia reduces ventricular filling, stroke volume and myocardial
oxygenation time, while increasing myocardial work. Rates >140/minute usually
require treatment.

Treatment: as supraventricular tachycardia (later).

Atrial tachycardia (Figure 22.5)

Atrial tachycardia is tachycardia originating in the atria, from ectopic
pacemakers. Technically any tachycardia originating above ventricles is
supraventricular, but ‘supraventricular tachycardia’ usually implies very fast
(> 160/minute) rates. Such rapid tachycardia severely compromises cardiac
output and myocardial oxygenation, necessitating urgent treatment.

With very fast rates differentiating supraventricular from ventricular tachy-
cardia, atrial flutter and other dysrhythmias can be difficult. Slowing rates
with carotid massage may help diagnosis, and gain time for drug therapy.

Treatment: Drugs used include

amiodarone

digoxin

procainamide, disopyramide
B-blockers

calcium channel blockers.

If drugs fail, cardioversion may reverse supraventricular tachycardia.

Sick sinus syndrome

Sick sinus syndrome (i.e. sinoatrial node sickness) causes intermittent
bradycardia and escape rhythms. Escape rhythms are often atrial tachycardias,
causing ‘tachy-brady syndrome’.

Treatment: If problems persist, pacing can replace sinoatrial function.

M Figure 22.5 Atrial (supraventricular) tachycardia
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Ectopics

Ectopics may originate from

B atrial
B junctional
B ventricular

sites (foci). Impulses may be

B premature (before expected impulses) or
B escape (expected complexes are absent, so ectopic impulses ‘escape’ into
gaps).

Premature complexes indicate overexcitability. Escape ectopics indicate failed
conduction. Likely causes of overexcitability or failed conduction include

damaged conduction pathways (infarction, oedema, hypoxia)
drugs/stimulants

electrolyte imbalance (especially potassium; also calcium, magnesium)
acidosis.

Treatment: Occasional ectopics seldom need treating, but underlying causes
should (if possible) be resolved. Potassium imbalance is the most likely single
cause, so serum potassium is usually maintained at 4-5 mmol/litre. Calcium
imbalance can also cause ectopics.

Frequent premature ectopics should be treated before they progress to
dysrythmias. Escape ectopics provide a pulse that would otherwise be missed,
so are ‘a friend in need’ and should never be treated. Drugs used vary with
focus and cause (see later).

Atrial ectopics (Figure 22.6)

Atrial ectopics may be idiopathic or due to atrial stretch (e.g. chronic pul-
monary disease, valve disease, MI). Conduction and succeeding QRS com-
plexes are normal, but P waves usually look abnormal, and may be hidden in
preceding T waves. Treatment is usually initiated when there are more than six
atrial ectopics per minute.

Treatment: Premature atrial ectopics may be treated with

B digoxin
B calcium channel blockers.

Escape ectopics should not usually be treated, but the cause of sinoatrial
failure should be identified and treated.
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M Figure 22.6 Premature atrial ectopic

Atrial fibrillation (AF) (Figure 22.7)

AF may be acute or chronic. Chronic AF is the most common dysrhythmia,
especially in older people. Critical illness may provoke acute AF.

Impulses from multiple atrial foci cause erratic, uncoordinated atrial muscle
contraction (‘quivering’). Atrial activity being uncoordinated, there are no
P waves, but atrial ‘quivering’ (fibrillation or ‘¥ waves) may (or may not)
cause wavy baselines to the ECG. The abbreviation ‘AF’ implies atrial
fibrillation, not atrial flutter (later).

Many (400-600/minute) weak and irregular impulses reach the atrioven-
tricular node. Few of these are conducted by the atrioventricular node,
conduction depending on strength and frequency of atrial impulses. Provided
ventricular pathways are intact, conduction from the AV node is normal
(normal QRS complexes and T waves). Ventricular response may be fast (‘fast
AF’), normal or slow (‘slow AF’), but is irregularly irregular. Loss of ‘atrial
kick’ significantly reduces stroke volume.

Treatment: Chronic AF is usually controlled with

B digoxin

Thrombi, from atrial stasis, increase risk of stroke sixfold (Hart et al., 2003),
so should be prevented with

B anticoagulants (e.g. warfarin, although in ICU DVT prophylaxis may
suffice). Both digoxin and warfarin have narrow therapeutic ranges, so

e

M Figure 22.7 Atrial fibrillation
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blood levels should be checked. Asymptomatic chronic atrial fibrillation
(‘controlled AF’) with near-normal ventricular response (<100) should
not need further treatment. Uncontrolled chronic AF may respond to
increasing digoxin, cardioversion or pulmonary vein ablation
(Alchaghouri, 2004). Acute atrial fibrillation may be treated with

amiodarone (Falk, 2001)

digoxin

flecainide (Alchaghouri, 2004)

other drugs to block A-V node conduction (e.g. B-blockers, calcium
channel blockers) (Falk, 2001)

cardioversion.

Unless AF is immediately life threatening, cardioversion (whether for acute
or chronic AF) should only be performed after adequate anticoagulation
(Wakai & O’Neill, 2003).

Atrial flutter (Figure 22.8)

Atrial flutter is usually from re-entry of impulses into the right atrium, creat-
ing regular, but rapid, waves with distinctive saw tooth shapes (‘F° waves),
often at rates of 300/minute. AV node conduction imposes a regular block. 4:1
AV block with atrial rates of 300 creates ventricular responses of 75/minute.
But blocks can change suddenly, usually to even numbers. Sudden changes to
2:1 or 8:1 cause life threatening tachycardia or bradycardia.

Treatment: Cardioversion is usually the preferred treatment. If cardioversion

fails, drugs may block conduction or reduce atrial rates:

calcium blockers
digoxin
B-blockers
anticoagulants
flecanide
digoxin.

M Figure 22.8 Atrial flutter
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‘Overpacing’ can also be used — setting a faster rate on an external pacemaker.
Where pacing wires are already inserted, such as following cardiac surgery,
this may be the preferred option.

Wolff-Parkinson-White syndrome (WPW) (Figure 22.9)

WPW is caused by a rare congenital abnormality. An abnormal atrioventricular
conduction pathway, the Bundle of Kent, bypasses the AV node. With two
atrioventricular pathways, impulses can enter through one and return through the
other, refiring atria (‘circus’ movement), causing sudden, gross, lifethreatening
tachycardia. Circus movement widens bases of QRS complexes (‘delta’ waves).

There are two types of WPW: A and B. With type A (more common), aber-
rant pathways are on the left, causing tall R waves. Type B, with pathways on
the right, cause deep S waves. Type does not affect treatment.

Treatment: B-blockers, disopyramide, flecainide or amiodarone may reduce
lifethreatening tachycardia. Drugs to avoid include digoxin, adenosine and
verapamil, all of which may increase conduction. Cardioversion may restore
stability, but ideally aberrant pathways are destroyed by catheter radiofre-
quency ablation.
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B Figure 22.9 Wolff-Parkinson-White syndrome

Junctional (or ‘nodal’) rhythm (Figure 22.10)

Junctional rhythm describes impulses originating in the AV node or atrio-
ventricular junction. Intrinsic pacemaker rates slow as conduction pathways

M Figure 22.10 Nodal/junctional rhythm
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progress (‘lower is slower’). Higher impulses normally overpace, so lower
impulses only escape when higher impulses fail. Intrinsic junctional rate is usu-
ally 40-60, although acceleration can occur.

Irritation (oedema, mechanical — e.g. central lines in the right atrium) may
cause junctional ectopics. Oedema from cardiac surgery often causes transient
junctional rhythms (hence epicardial pacing wires). P waves are not normally
seen as, although atrial conduction occurs, it is retrograde (inverted P waves)
and occurs simultaneously with ventricular conduction (QRS).

Treatment: Junctional rates are often sufficient to support life, but should
be closely monitored. If bradycardia becomes symptomatic, treat as above
(atropine, pacing).

Atrioventricular blocks

Any conduction pathway may be blocked by:

B infarction
B oedema
B ischaemia.

If oedema or ischaemia resolve, blocks usually disappear. Infarction usually
causes permanent block. Blocks may occur at the atrioventricular node (first,
second or third degree) or in one of the bundle branches.

First degree block (Figure 22.11)
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First degree block delayed atrioventricular node conduction, prolongs PR
intervals beyond 0.2 seconds (5 small squares). Despite delay, every impulse is
conducted, so a QRS complex follows each P wave. Chronic first degree block
is usually from age-related enlargement of the atrioventricular node, and
rarely causes problems. Acute block may be caused by digoxin toxicity,
B-blockers, calcium channel blockers, AV node infarction/ischaemia/oedema
or endocarditis.

Treatment: Acute block should be monitored, but only treated if bradycardia
causes problems. Chronotropic drugs (e.g. atropine) or pacing can resolve
symptomatic bradycardia.

M Figure 22.11 First degree block
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Second degree block

Second degree block or incomplete heart block, occurs when only some
P waves are conducted, usually causing slow ventricular rates. There are two
types of second degree block:

Type 1: progressive lengthening of PR intervals until an atrial impulse is
unconducted (P without a QRS complex), caused by impaired atrioventricular
node conduction (Figure 22.12).

Type 2: constant PR intervals, with regular unconducted P waves (e.g. 2:1;
see Figure 22.13). Second degree heart block Type 2 is less common but more
serious than Type 1, as it is more likely to progress into 3rd degree block or
asystole (Jevon, 2003).

Type 1 is still often called Wenkeback or (less often) Mobitz Type 1, while
Type 2 is often called Mobitz or Mobitz Type 2.

Treatment: Oxygen should be optimised. Drugs used include

B atropine.
If symptoms persist pacing may be needed.

Third degree block (Figure 22.14)

Complete heart block, causes complete atrioventricular dissociation. P waves
are regular (unless AF is also present), but unrelated to QRS complexes, and
some P waves may be ‘lost’ in QRS or T waves. Ventricular pacemakers cause

M Figure 22.12 Second degree block (Type 1)

M Figure 22.13 Second degree block (Type 2)
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M Figure 22.14 Third degree block

wide, regular but slow QRS complexes — often 30/minute. Cardiac output and
blood pressure are compromised.

Treatment: Unless transient, pacing is almost invariably needed. Until
pacing is commenced, oxygen should be optimised.

Bundle branch block (Figure 22.15)

This occurs when conduction through one of the branches, or one or more of
the left hemibranches, of the bundle of His is blocked. This creates two QRS
complexes — a normal one from the intact branch, and a widened ventricular-
shaped complex from impulses travelling around the blocked branch. This RSR,
or biphasic QRS, wave creates the characteristic M or W shapes on ECGs.

New left bundle block, together with chest pain, indicates myocardial
infarction, is classified as a STEMI (ST wave elevated myocardial infarction),
and should be treated with urgent thrombolysis.

Although seen on limb leads, differentiation of right from left bundle block
is clearest on chest leads. Left bundle branch block causes a W in early, and an
M in late leads; right bundle branch block reverses this picture (mnemonics:
MaRRoW and WiLLiaM).

M Figure 22.15 Bundle branch block

Ventricular dysrhythmias

Ventricular impulses originate in ventricular muscle, so travel from
muscle fibre to muscle fibre rather than through conduction pathways. This
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makes their progress relatively slow, giving them a typically wide QRS
complexes.

Persistent dysrhythmias are likely to recur, so are often treated by
implantable defibrillators. Few models give any warning, so patients suddenly
experience a defibrillation shock. Not surprisingly, some patients experience
psychiatric problems.

Ventricular ectopics (Figure 22.16)

This originates from ventricular foci outside normal conduction pathways, so
lack P waves, and are conducted (slowly) from muscle fibre to muscle fibre.
Taking longer, this creates their characteristically wide (>3 small squares) and
bizarre shape on ECGs. Ectopics originating near the ventricular apex are con-
ducted downwards, giving positive complexes; those originating near the base
have retrograde conduction through ventricular muscle, giving negative com-
plexes. T waves are discordant — in the opposite direction to QRS waves.
Complexes from a single focus (‘unifocal’) look alike; ectopics with different
shapes originate from different foci (‘multifocal’). A sequence of three or more
ectopics is sometimes called a salvo.

Treatment: Isolated ectopics are insignificant, but frequent ectopics suggest
conduction problems (escape) or overexcitability (premature). Underlying
causes (electrolytes, hypoxia) should be resolved. Premature ventricular
ectopics may be reversed by overpacing.

M Figure 22.16 Multifocal ventricular ectopics

Bigeminy and trigeminy (Figure 22.17)

These are sinister extensions of ventricular ectopics, occurring regularly.
Bigeminy is one ventricular ectopic every other complex; trigeminy is one
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(a)

M Figure 22.17 Bigeminy and trigeminy

ventricular ectopic every third complex. Ectopics are usually unifocal, usually
from hypoxia or digoxin toxicity.

Treatment: Trigeminy is not usually treated, but provided underlying causes
are resolved, bigeminy can be treated with

B disopyramide
B lidocaine (formerly ‘lignocaine’ in UK).

Ventricular tachycardia (Figure 22.18)

This a regular rhythm, with unifocal rapid impulses originating from an
ectopic focus in ventricular muscle, usually caused by ischaemia.
Asymptomatic VT rarely persists, either reverting or progressing after a few
minutes. Rates are often 200-50, inadequate ventricular filling time causing
poor stroke volumes and systemic hypotension. Increased myocardial work-
load with inadequate oxygen supply makes ventricular tachycardia progress
rapidly into ventricular fibrillation and cardiac arrest.

Treatment: Ventricular tachycardia is an arrest situation requiring urgent
resuscitation and defibrillation. Current resuscitation guidelines should be
followed.

Precordial thumps remain controversial, as they may convert ventricular
tachycardia into less easily treated rhythms. Current European recommenda-
tions include a single precordial thump ‘if appropriate’ (European Resuscitation
Council, 2001). With conscious patients, coughing can mimic thumps.

Implantable defibrillators may be inserted for long-term management.

Accelerated idioventricular rbythm, sometimes called ‘slow VT or ‘ventricular
escape rhythm’, typically occurs following myocardial infarction. Ventricular
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M Figure 22.18 Ventricular tachycardia

rate is usually below 120/minute (Houghton & Gray, 2003), so does not
normally require treatment. However, this rhythm should be closely
monitored, as more sinister rhythms may develop.

Torsades de pointes (Figure 22.19)

A rare type of multifocal ventricular tachycardia, causes ECG traces to twist
around isoelectric baselines. Rates are often 200-50. If prolonged or untreated
it leads to ventricular fibrillation.

Torsades de pointes may be caused by drugs (e.g. amiodarone, vancomycin,
soltolol), severe electrolyte imbalance (especially hypokalaemia, hypomagne-
saemia), subarachnoid haemorrhage, myocardial infarction, angina, bradycardia,
sinoatrial block or congenital abnormality.

Treatment: Electrolyte imbalances or underlying causes should be treated.
Drugs include

B  magnesium.
(Kaye & O’Sullivan, 2002)

M Figure 22.19 Torsades de pointes
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If drugs fail, temporary atrial or ventricular pacing or cardiopulmonary
resuscitation may be necessary.

Ventricular fibrillation (VF) (Figure 22.20)

This is almost invariably fatal in 2-3 minutes. Patients are usually uncon-
scious, with no pulse or blood pressure. VF may be coarse or fine; fine ven-
tricular fibrillation may appear like asystole, so increasing gain on ECGs
shows whether ‘f” waves are present.

Treatment: Ventricular fibrillation is an arrest situation, treated with
debribrillation, following current Resuscitation Council guidelines.

M Figure 22.20 Ventricular fibrillation

Asystole (= ventricular standstill)

Asystole, literally absence of systole, appears as an uninterrupted isoelectric line,
although progression from dysrhythmias to asystole may persist for considerable
time (‘dying’ heart), with occasional irregular atrial or ventricular complexes.
Absence of any cardiac function is an arrest situation, but resuscitation
rarely succeeds. Before initiating arrest calls, staff should take 10 seconds to
asses patients (pulse, ECG): absence of complexes on ECGs may be caused by

B disconnection
B failed electrodes (e.g. drying of gel)
M fine VE

If patients appear moribund, electrodes are intact, and increasing size (‘gain’)
of ECGs still shows asystole, then initiate cardiac massage and an arrest call.

Treatment: Cardiac massage is essential to maintain effective circulation.
Defibrillation should not be attempted with asystole — there is no rhythm to
defibrillate. Drugs include

B adrenaline (1 mg)
B atropine (3 mg).

If P waves are present, external or transvenous pacing may be used.
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Pulseless electrical activity (PEA)

PEA results in whatever electrical activity is seen on the screen not being
translated into a pulse and arterial blood pressure trace. ECG traces are
usually abnormal, often showing tachycardia and with low amplitude
complexes.

Causes of electromechanical dissociation can be summarised as ‘4Hs
and 4Ts”:

Hypoxia

Hypovolaemia

Hyper/hypokalaemia

Hypothermia

Tension pneumothorax

Tamponade

Toxic/therapeutic disturbances (drug overdose)
Thromboemboli (e.g. PE, MI).

Causes are often obvious from patients” histories.

Treatment: Pulseless electrical activity is an arrest situation, so an arrest call
should be initiated, and Resuscitation Council guidelines followed. Underlying
causes should also be corrected, otherwise PEA usually recurs.

Most dysrhythmias are only treated if problematic.

Almost all non-sinus rhythms cause loss of ‘atrial kick’, and so smaller

stroke volumes.

B Chest pain, together with either ST elevation (1 mm in chest leads, 2 mm
in limb leads) in two or more consecutive leads or a new left bundle
branch block indicates acute myocardial infarction.

B Ectopics may originate from any part of the heart. Atrial ectopics have
abnormal P waves, but normal QRS. Junctional ectopics have no P wave,
but normal QRS. Ventricular ectopics have no P wave, and wide and
bizarre QRS.

B TIsolated ectopics are insignificant, but frequent premature ectopics
indicate over-excitability. Escape ectopics are ‘a friend in need’ so
should not be treated. However, causes of failed conduction should be
resolved.

B Myocardial hypoxia and electrolyte imbalances cause many
dysrhythmias.

B Current Resuscitation Council guidelines should be displayed on units in
easily visible areas for staff caring for patients.

B Nurses should know current Resuscitation Council guidelines, where

emergency drugs and equipment are stored and how to summon help

urgently.
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Summary
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Critical illness exposes ICU patients to various symptomatic dysrhythmias, so
ICU patients are usually continuously monitored; ICU nurses should therefore
be able to recognise common dysrhythmias and initiate appropriate action.
The ICU staff should already be familiar with basic electrocardiography, so
this chapter has discussed dysrhythmias most likely to be seen in ICU, together
with standard treatments. Staff should be familiar with current Resuscitation
Council guidelines.

Current Resuscitation Council guidelines should be familiar and available;
new guidelines were published in 20035, after completion of this text. There are
many books about ECG interpretation. Hampton (2003a) provides a useful
overview, with supplementary detail in Hampton (2003b) and examples for
practice in Hampton (2003c). Houghton and Gray (2003) is also useful.
www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical questions

Q.1 Describe how you would perform a 12-lead ECG on an ICU
patient who is awake. Include how you would explain procedure,
position patient and apply electrodes to ensure an accurate and
optimal ECG tracing.

Q.2 For continuous bedside ECG monitoring in ICU, which lead (e.g. I,
II, I, aVE, aVR, C1) is usually chosen for waveform analysis?
Justify your choice in relation cardiac physiology and note
expected waveform.

Q.3 Reflect on situations where external carotid massage has been
performed for tachycardia. Appraise desired effects, limitations,
safety issues and nurse accountability. What other strategies can be
used to reduce life threatening tachycardia in emergency situations?
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Many ICU patients have acutely altered neurological function, whether from
chemical sedation, disease of other organs/systems or specific neurological
disease/damage. Some ICUs specialise in neurosurgery or neuromedicine, but
most units receive patients with head injuries and cranial pathologies. Many
conditions, such as meningitis, hepatic failure, can increase intracranial pres-
sure, causing both acute confusion and physiological complications. Assessing
and monitoring neurological function is therefore important for all ICU
patients.

There are two main parts to the body’s nervous system — central and
peripheral. The central nervous system is the brain and spinal cord. Peripheral
nerves link the spinal cord to all other organs and tissues. Either, or both, parts
of the nervous system may be dysfunctional, and therefore assessment should
measure whichever part of the nervous system is a cause for concern.

The simplest way to assess neurological function is whether someone is
responding appropriately and in their normal manner. Unfortunately diseases
and treatments prevent normal responses in many ICU patients, but with con-
scious patients their actions and communication (non-verbal as well as verbal)
should be assessed. Other noninvasive assessments can indicate

B consciousness (GCS)
B cranial nerve function (pupil responses, gag, cough, facial movements)
B spinal nerve function (limb movement).

The value of various invasive modes remains debated, so it is often limited to
neurological centres, but some options are included here. Whatever way neu-
rological function is assessed, it should be understood by staff and beneficial
to patients. Assessments recorded and reported should remain factual and any
limiting factors are to be noted with the report. For example, intubated
patients cannot make a verbal response, and pupil size or muscle strength may
be evaluated differently by different observers. Where treatments, such as intu-
bation, prevent assessment, this should be recorded. Where assessors are
uncertain about their evaluation, they should seek a second opinion and avoid
the temptation to follow any previously charted observations.

Most of the total adult intracranial volume (average 1.7 ml) is brain tissue,
the remaining 300 ml normally being equally divided between blood and
cerebrospinal fluid — CSF (Hickey, 2003b). Because the skull is rigid and filled
to capacity with essentially noncompressible contents (the Monro-Kellie
hypotbesis), increasing one component necessarily compresses others. Small
and transient increases of intracranial contents may be compensated for
(compliance) by displacing blood and CSF into the spinal column, so coughing,
straining or sneezing do not usually cause problems. But sustained pressure,
once compliance is exhausted, inevitably causes intracranial hypertension
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(see Figure 23.1). Any pressure on the vital centres of the brain stem may
affect vital signs, so in addition, any assessment of intracranial pressure
(e.g. Glasgow Coma Scale, intracranial pressure monitoring) should be evalu-
ated in the context of vital signs, especially pulse and blood pressure.

Normal adult intracranial pressure is 0-15 mmHg. But increased intracranial
contents, such as cerebral oedema or bleeding, increases intracranial pressure,
causing neurological dysfunction. Two-fifths of patients losing consciousness
following head injuries develop raised intracranial pressure (Odell, 1996).

Sustained intracranial pressures of 20-30 mmHg may cause injury.
Cerebral autoregulation fails when ICP exceeds 40 mmHg (Hickey, 2003b).
Sustained intracranial pressure over 60 mmHg causes ischaemic brain damage
and is usually fatal (Bahouth & Yarbrough, 2005). Progressive cellular
damage (see Chapter 24) causes

release of vasoactive chemicals (e.g. histamine, serotonin)
hyperkalaemia

intracellular oedema and cell death

increased capillary permeability, reducing colloid osmotic pressure

creating a vicious cycle of intracranial hypertension and tissue injury
(see Figure 23.2).

Cerebral blood flow

Like perfusion elsewhere, the single main factor affecting cerebral blood flow
is mean arterial pressure. However, brain cells rely on a constant supply of
oxygen and glucose, so without perfusion, damage and death to brain cells is
rapid. Cerebral perfusion pressure (CPP) is also limited by the inability of the
skull to expand, and so CPP is the difference between mean arterial pressure
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(MAP) and intracranial pressure:
CPP = MAP - ICP

Many monitors can calculate CPP from ICP. It can also be estimated by non-
invasive transcranial doppler (Edouard et al., 2005).

In health, autoregulation maintains relatively constant cerebral bloodflow,
but cerebral damage can cause autoregulation to fail, resulting in excessively
high or low CPP. CPP should be high enough to fully perfuse the brain,
without increasing intracranial pressure — generally 65-70 mmHg (Werner &
Engelhard, 2000), although with traumatic brain injury target CPP is
60 mmHg (Robertson, 2001). Initial symptoms of insufficient or excessive
CPP may include acute confusion and fitting, but sustained high or low CPP
is likely to cause cerebrovascular accidents (CVAs - strokes).

Cerebral oxygenation is also influenced by oxygen carriage (e.g. hypoxia,
anaemia). So management of intracranial hypertension should consider total
trends and factors affecting cerebral demand and supply, rather than focusing
on single measurements or parameters.
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Cerebral cedema

Cerebral oedema may be

B interstitial
B intracellular
B vasogenic.

Interstitial and intracellular oedema formation is discussed in Chapter 34.
Most cerebral oedema is vasogenic: blood/brain barrier disruption increases
capillary permeability, causing fluid and protein leak, with progressive elec-
trolyte imbalances. Steroids should not be used for treating cerebral oedema
(Hickey, 2003b).

Glasgow Coma Scale (GCS)

Normal: 14-15.

The Glasgow Coma Scale is a widely known, tried and trusted means of
assessing level of consciousness by evaluating eye, verbal and motor responses.
It does not require special equipment; most staff will be familiar with using it,
and it is a reliable predictor of neurological outcome. It does not measure
peripheral nerve function or effectiveness of chemical sedatives, and although
it does not measure pupil reaction or cardiovascular function, these are both
affected by brainstem function, so neurological observation charts almost
always include these as well.

Absence of any response of any component scores 1, making the minimum
overall score 3. Maximum total score is 15 points (eye 4 + verbal 5 + motor 6),
indicating a fully awake, alert and responsive person. A score of 14 is
considered normal. Intubation prevents verbal response, so this should be
clearly recorded (‘T” usually being charted for verbal response).

Scores below 14 indicate impaired consciousness:

13 = mild impairment
9-12 = moderate impairment
3-8 = severe impairment (coma).

Scores of 8 or below indicate high risk of airway obstruction from impaired
consciousness, so intubation is usually indicated. Assessment should include
distinguishing purposeful from reflex responses — e.g. eyes opening sponta-
neously may be a reflex.

Although overall score adds three components together, scores for each
component should also be recorded (e.g. GCS = 9, E = 2, V = 3, M4), eye
responses being less reliable for predicting outcome than verbal and motor
responses (Teoh et al., 2000). GCS is used to assess level of consciousness, so
if consciousness is poor (from whatever cause), allowance should not be made
for possible contributing factors such as drugs or alcohol. Nurses being used
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to identify possible concerns, any concerns should be reported, and if
consensus about scores is lacking, it is safest to score low.

Assessment includes response to pain. Inflicting pain conflicts with
fundamental values of nursing so should only be done when therapeutic benefits
outweigh humanitarian considerations. Response to painful stimuli may already
have been observed, such as localising irritation from oxygen masks or endotra-
cheal tubes/suction. Inflicting pain may also cause physiological harm such as
increasing intracranial pressure and stress responses. As peripheral stimuli may
elicit spinal reflex responses of guarding or withdrawal, central stimuli should be
used to assess consciousness (Cree, 2003). Central stimuli include

B supraorbital pressure (running a finger along the bony ridge at the top of
the eye)

B trapezium squeeze (pinching trapezius muscle, between head and shoulders)

B sternal rub (grinding the sternum with knuckles) and Lower (2003) adds

B  mandibular pressure — pushing upwards and inwards on the angle of the
patient’s jaw for maximum 30 seconds (Waterhouse, 2005).

Peripheral stimuli, such as nail bed pressure, can elicit central responses
(Lower, 2003), such as grimacing or peripheral reflexes (see later).

Different stimuli may be appropriate for different patients and situations.
Painful stimuli should not be inflicted if patients respond to clear commands
(Cree, 2003; Dougherty & Lister, 2004). The trapezium squeeze should not be
used if patients have neck injury, although the opposite shoulder to one-sided
injury should be considered. Supraorbital pressure should be avoided with
skull fractures. Sternal rub should not be used repeatedly as bruising and skin
damage can be caused, and cervical spine injury may be below the lesion and
so fail to elicit a response. Mandibular pressure is more difficult and may
dislocate the jaw so is usually the least useful stimulus. If response from one
stimulus is unclear, other stimuli should be attempted.

Neurological crises may occur rapidly; secondary damage occurring before
intermittent measurement (e.g. Glasgow Coma Scale) detects deterioration
(Price, 1998). Frequency of GCS monitoring varies greatly. The National
Institute for Clinical Excellence (2003) recommends half hourly assessment for
two hours or until GCS reaches 15; then hourly for four hours, returning to
half hourly with any deterioration. However, these guidelines are designed for
Accident and Emergency departments (Waterhouse, 2005). ICUs should
monitor patients according to individual risk factors. GCS, or other level-of-
consciousness testing, should be assessed each shift, and where it is a cause for
concern will usually assess GCS at least hourly.
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Normal: PERTL; normal size varies with light level.
Normally, pupils constrict in light and dilate in darkness. Pupil response is
best assessed in a darkened area (if possible) to dilate the pupils. Both eyes
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should be assessed for

B pupil size
B whether both pupils are equal (PE).

Eyelids may need to be gently raised. A bright light (e.g. pentorch) should then
be moved from the corner to the centre of the eye, assessing

B how briskly pupils react to light (RTL).

Pupil size is usually illustrated on neurological observation charts. One-fifth of
people have unequal pupils (Patil & Dowd, 2000), so minor inequalities are
normal (Waterhouse, 2005). Dilated, fixed or (significantly) unequal pupils are
usually a late sign of intracranial hypertension (Waterhouse, 2005). Pupil
reaction is controlled by occulomotor nerve (cranial nerve III) and is normally
brisk, so sluggish responses indicate either brainstem damage or cranial nerve
I dysfunction. Drugs affecting pupils include atropine eyedops (dilate) and
opioids (pinpoint constriction).

If gross periorbital oedema prevents pupil assessment, ‘C’ should be
recorded on charts (Waterhouse, 2005).

Limb assessment

Normal: equal + strong.
Limb movement requires both peripheral nerve and muscle function.
Peripheral motor nerves may respond to either

B painful peripheral stimuli, transmitted through sensory nerves and causing
spinal reflexes, or
B central nervous stimuli (response to commands).

Both legs and both arms should be tested together, by

asking patients to lift their limbs

holding feet/hands and asking patients to push you away

asking patients to grip your hands

if unable to move limbs, test ability to localise sensation — initially light
sensations such as touch, but if these elicit no response, painful peripheral
stimuli may be needed (e.g. fingernail pressure).

Assessment should evaluate
B strength (strong, medium, weak)

B co-ordination
B any unilateral weakness.
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Many people are slightly stronger on their dominant side, and for GCS
assessment the stronger motor response should be scored, but significant
weakness on one side may indicate a stroke or other problem so should be
noted and reported.

If not over-ridden by central nervous control, peripheral stimuli should
cause guarding/defensive spinal reflexes such as flexion (withdrawal). Central
nervous system damage may cause abnormal peripheral responses such as
extension (pushing towards the stimulus) or decorticate posture (limbs flexed
rigidly outwards).

Jugular venous bulb saturation (SjO,)

Normal: 60-65 per cent.

Jugular vein catheterisation (using retrograde insertion of a CVP-like
catheter with oximeter) enables oxygen saturation and content measurement;
on X-ray the tip should rest at border of the first cervical spine. Probes can
also be introduced through ICP microtransducer burrholes (Kiening et al.,
1996). Like mixed venous saturation, jugular bulb saturation (SjO,) indicates
global cerebral oxygen delivery, provided arterial saturation is normal.

Low levels are often artefactual but may indicate cerebral hypoperfusion.
High, and rising, SjO, often indicates increased cerebral blood flow, and very
high levels (>85 per cent) usually indicate imminent death.

Although SjO, can monitor total (global) cerebral oxygenation, it cannot
identify where ischaemia or bleeds are occurring (Clay, 2000). SjO, is rarely
measured outside specialist neurological ICUs.

ICP measurement
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Normal: 0-15 mmHg.

Intraventricular catheters, usually fibreoptic, can be connected to most ICU
monitors. Intracranial Pressure should be measured at the Foramen of Monro
(see Figure 23.3), the mean usually being recorded. Arterial pulses affect

intracranial pressure, creating waves that should have three peaks (Hickey,
2003b) (see Figure 23.4):

B P1 - percussion wave: sharply peaked, with fairly constant amplitude.

B P2 - tidal wave: shape and amplitude is more variable, but like an arterial
waveform ends on the dicrotic notch. P2 indicates cerebral compliance
(Germon et al., 1994).

B P3 - dicrotic wave: immediately follows the dicrotic notch.

Like other pressure monitoring waves, dampened shape indicates unreliable
measurement. Probes are normally reliable but once inserted cannot be
recalibrated. Suspected inaccuracy (doubtful waveforms) can be tested by
lowering the patient’s head, which should increase pressure, and so waveform
amplitude.
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Lundberg classified three patterns of waveforms, labelled A, B and C
(Chitnavis & Polkey, 1998), but their clinical value is questionable (Germon
et al., 1994) so they are not included here.

B Nearly all units receive patients with head injuries so need some means to
assess and monitor neurological status.

B Because the skull is rigid, any increase in contents (bleed, oedema)
increases intracranial pressure, impairing cerebral perfusion.
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B  Where specialised neurological monitoring is unavailable, intracranial
pressure can be assessed using

® Glasgow Coma Scale (with pupil responses)
@ spinal reflexes

@ blood tests (glucose, electrolytes, gases)

® mean arterial pressure

B the Glasgow Coma Scale is familiar and reliable for assessing level of
consciousness

B ICP should be 0-15 mmHg, but transient rises are insignificant

B CPP should be sufficient to perfuse the brain, without increased intra-
cranial pressure — 60 mmHg is usually aimed for

B continuous display is valuable for evaluating effects of all aspects of care

B patient care should be viewed holistically, so observations should be
related to their overall effect.

Summary
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Intracranial hypertension can occur in many ICU patients; monitoring neurologi-
cal status (outside neurological ICUs) often relies on the Glasgow Coma Scale,
assessing level of consciousness rather than cerebral perfusion. More invasive
methods of assessment inevitably incur greater risks but may provide more useful
information to guide treatment. As with monitoring any aspect of patient care,
benefits and burdens of each approach should be individualised to patients and
justified by the extent to which they usefully guide treatments and care given.
Management of patients with intracranial hypertension is discussed in Chapter 37.

The Marsden Manual provides useful, authoritative guidelines on Glasgow
Coma Scale assessment. The NICE guidelines are A&E focussed so of limited
value for ICU. Specialist journals include Journal of Neuroscience Nursing,
Annals of Neurology and the Journal of Neurology, Neurosurgery and
Psychology. Waterhouse (2005) provides a useful overview of noninvasive
neurological assessment. Ravi and Morgan (2003) review intracranial pressure
monitoring. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Mr Michael Roberts is a 54-year-old who was admitted to the ICU uncon-
scious. He sustained a head injury from a fall down stairs at home and was
found by his partner. Mr Roberts is a known insulin dependent diabetic
who drinks approximately 8 units of alcohol a day and has epilepsy. On
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examination Mr Roberts had a large scalp haematoma over the right
parietal region, another over his right eye and bruising to his right elbow.

Mr Roberts’s initial results:

Glasgow Coma Scale (GCS) 6 (E1, V1, M4)

All limbs flexing spontaneously without any stimuli

Both pupils’ response to light is sluggish, equal size at 4 mm

Respiration rate 26 breaths/minute, audible gurgling breath sounds

SpO, 100% on 15 litres of oxygen

BP 232/120 mmHg

HR 100 bpm

Capillary refill <2 seconds with warm peripheries

Mr Roberts was intubated and sent for a head CT scan which revealed
a large right subdural haematoma with midline shift (9 mm) to the left
side of his brain, widespread subarrachnoid haemorrhage, fracture to
right parietal skull and several focal intracerebral contusions. He under-
went emergency craniotomy for evacuation of subdural haematoma
and insertion of ICP bolt. He was invasively ventilated, sedated with
propofol and fentanyl infusions.

Mr Roberts’s post operative results:

GCS 4 (E1, V1, M2)

Right pupil not assessed as eye closed from local swelling, left pupil sized
at 2 mm and sluggish response to light.

ICP 35 mmHg

BP 132/65 mmHg
HR 68 bpm
Capillary refill <2 seconds
Central temperature 34.4°C

Blood sugar 14.0 mmol/litre

Q.1 Explain why the GCS is used in Mr Roberts’s initial and post
operative neurological assessment and what his score represents.
Consider how accuracy can be ensured, the frequency of assess-
ment and the most appropriate type of stimuli for Mr Roberts.

Q.2 Calculate Mr Roberts Cerebral Perfusion Pressure (CPP =
MAP — ICP) and explore its physiological implications (i.e. to
cerebral perfusion and autoregulation, effect on other body systems
especially those controlled by the autonomic nervous system). What
is the likely cause and significance of his temperature and blood
sugar results?

Q.3 Review complications and risks associated with ICP monitoring,
consider how these may be managed with Mr Roberts.
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MICROPATHOLOGIES

Focus on visible macrophysiology (systems and organs) has increasingly been
replaced by recognition that disease processes originate primarily at micro-
physiological levels; organ/system failure follows widespread cell failure. Cell
function relies on chemical reactions, which require both oxygen and energy.
Absence of oxygen and energy sources (mainly blood glucose) therefore
quickly leads to cell damage and failure. Inflammation is cell-tissue’s homeo-
static response to protect itself, but exaggerated and inappropriate inflamma-
tory responses cause life-threatening disease such as systemic inflammatory
response syndrome (SIRS - see Chapter 33). Restoring oxygen and energy
supplies to failing cells may enable cell survival, reversing critical illness.

There are hundreds of chemicals that a healthy body produces to help main-
tain homeostasis but which, in ill-health, can contribute to or cause critical
illness. A few of the most significant chemicals are identified in this chapter
which therefore outlines pathological mechanisms underlying most critical
illnesses. Readers may find sections in this chapter more useful as reference
points for later use. This chapter begins with brief revision of cell physiology.
If unfamiliar, this should be supplemented from anatomy texts.

Cell membrane

The cell membrane separates the internal structures of the cell from its exter-
nal environment. Although some passive movement of fluid and solutes does
occur across cell membranes, most movement is actively regulated by various
pumps and channels in cell membranes. Probably the best-known pump is the
sodium-potassium pump, but many others exist including calcium channels
mentioned in Chapter 22 (ECGs). Calcium channel blockers that manipulate
this channel are cardiac and vascular cells. Active movement through these

Mitochondrion
Nucleus

Rough endoplasmic
reticulum

Cytoplasm

— Smooth endoplasmic
reticulum

M Figure 24.1 Cell structure
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pumps and channels maintains normal, healthy intracellular environments.
Cell failure, discussed below, affects all parts of the cell, including the cell
membrane. Therefore cell failure results in increasingly abnormal intracellular
environments and, if not reversed, progresses to necrosis.

Cell membranes are a single layer of phospholipid, interspersed with pro-
teins and cholesterol. This phospholipid creates an oil-like film which is both
flexible and self-sealing. Some passive movement of substances occurs through
cell membranes, but most movement is actively regulated by various ‘pumps’
(e.g. chloride, glucose) in the membrane. These pumps maintain significant
differences between the intracellular and extracellular environments.

Mitochondria

Mitochondria produce adenosine triphosphate (ATP) the type of energy which
cells use. ATP is normally mainly produced from metabolism of glucose and
oxygen (Krebs’ cycle):

C¢H,04 + 60, — 36 ATP + waste

With normal aerobic metabolism, each gram of glucose produces 38 ATP
molecules but in anaerobic conditions produces only two ATP molecules
(Nathan & Singer, 1999) and 2 mmol of lactic acid (Nunn, 1996). So meta-
bolism during hypoperfusion (shock) is inefficient, causing accumulation of
toxic waste (acids and carbon dioxide) and lactic acid (metabolic acidosis).
Widespread cell dysfunction causes accumulation of oxygen radicals, which
accelerate cell (and organ) dysfunction. Cells with high metabolic rates
(including cardiac and brain cells) are especially vulnerable to hypoxic damage
(Clay et al., 2001).

Intracellular sodium and potassium concentrations (K™ = 120-140 and
Na* = about 14 mmol/litre, reversing extracellular fluid concentrations) are
maintained by the sodium—potassium pump in cell membranes. Electrolytes
movement across membrane creates action potential (see Chapter 22) needed
for muscle movement.

Water diffuses passively out of the cell (from sodium’s osmotic pull). Cell
membrane damage allows potassium efflux, causing potential hyperkalaemia
and sodium influx, creating intracellular oedema. Intracellular oedema causes
further cell damage.

Like sodium, intracellular levels of calcium are low. Cell damage, which
may be caused by hypoxia and poor perfusion, results in failure of the cell
membrane, an efflux of potassium from the cell and an influx of sodium and
calcium into the cell.

High levels of calcium are toxic to cells, accumulating in the energy-
producing mitochondria and damaging organelles (Hunter & Chien, 1999).
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Cell death

Cells may die either through apoptosis (cell shrinkage) or necrosis (cell
swelling). Apoptosis is the normal way for cells to die; necrosis is pathological.

In healthy adults about 10 billion cells die each day (Renehan ez al., 2001),
normal cell death being regulated by apoptosis. Apoptosis begins by cells
detaching from adjacent cells. DNA is digested and cytopaslm shrinks.
Organelles and other intracellular contents are released encased in buds of
membrane. This prevents inflammatory responses. The shrunken cell and the
buds are finally phagocytosed by macrophages (Kam & Ferch, 2000;
Hotchkiss et al., 2002).

Necrosis is an inflammatory process. Lack of adenosine triphosphate (cell
energy) causes pumps in cell membranes to fail (Kam & Ferch, 2000). This
causes an influx of sodium, followed by water, while preventing escape of
intracellular water so causing intracellular oedema and further membrane
damage. Damaged membranes allow pro-inflammatory mediators, including
tumour necrosis factor alpha (TNFa) to escape from cells. Inflammatory
mediators attract neutrophils, macrophages, lysosomal enzymes and proteases
into surrounding tissue (Kam & Ferch, 2000; Hotchkiss et al., 2002), initiating
inflammation. Cell necrosis is the cause of many pathologies seen in ICU so
underlies discussion in many subsequent chapters.

Inflammatory response

This homeostatic mechanism forms part of non-specific immunity. Damaged
tissue releases pro-inflammatory cytokines (especially TNFa and interleukin 1),
which provoke endothelium release of vasoactive chemicals, including
histamine (vasodilator) and leucotrienes (increase capillary permeability).
Increased blood flow and leakier capillaries enable leucocytes and other
defences to migrate into infected tissue and destroy invading bacteria. When
confined to an area of local damage, this homeostatic response promotes heal-
ing; but when extensive inflammatory responses occur, extensive vasodilata-
tion and massive capillary leak cause life-threatening systemic inflammatory
response syndrome (SIRS — see Chapter 33).

Inflammatory responses release many chemical vasoactive mediators,
including

tumour necrosis factor alpha (TNFa)
interleukins

arachidonic acids

prostaglandins (prostacyclin, thromboxane)
nitric oxide.

They normally maintain homeostatis, but inappropriate or extensive circulating
concentrations causes many symptoms and complications. TNFa and
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interleukin 1 initiate the cytocyne cascade and, among other effects, cause
pyrexia, by resetting the hypothalamic set-point for temperature.

Chemical mediators

Critical illness is largely caused by inappropriate and excessive homeostastic
responses to lesser insults. Vasoactive mediators relax smooth arteriole muscle,
causing vasodilatation, and increase capillary permeability, causing oedema.
Vasodilatation and oedema together cause profound hypotension — shock,
SIRS. There are many chemical mediators, many released either by vascular
endothelium or the immune system. Some of the most significant are

cytokines

histamine

arachidonic acid metabolites (leucotrienes, prostaglandins, thromboxane A,,
eicosanoids)

nitric oxide

complement cascade.

Most have similar, interdependent effects (pro-inflammatory, procoagulopathic
and cytotoxic) causing progressive multiorgan dysfunction.

Cytokines

Cytokines (‘cell killers’) are released mainly from leucocytes. Tumour necrosis
factor alpha (TNFa, also called cachectin) is usually the first cytokine to be
released and initiates the cytokine cascade. TNFa stimulates growth of new
surface receptors (adhesion molecules) on vascular endothelial cells, enabling
leucocyte adhesion, accumulation and phagocytosis (Abbas et al., 1994). TNFa

B depresses cardiac function (negatively inotropic)
B initiates immune responses (including pyrexia)
B promotes clotting

so causes hypotension, pyrexia and thrombi. Chlorpromazine has been used to
reduce production and circulating levels of TNFa (Jansen et al., 1998) but has
not been widely adopted.

Interleukins are a diverse group of chemicals, with varying effects and many
pathenogenic. They have been implicated in various autoimmune disorders
(Raeburn et al., 2002). Interleukins 1, 6 and 8 are major mediators of critical
illnesses.

Acute phase proteins

Infection initiates early release of proteins, including fibrinogen, alpha-1
protinase inhibitor, C-reactive protein (CRP — see Chapter 21) and serum
amyloid associated protein to assist phagocytosis.
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Radicals

Any biochemical reaction can release free radicals (e.g. micro-organism lysis
by neutrophils, Kreb’s cycle). Free radicals are molecules with one or more
unpaired electron in their outer orbit; this makes them inherently unstable,
reacting readily with other molecules to pair with the free electron. Reaction
of two radicals eliminates both, but reactions between radicals and nonradi-
cals produce a further radical. Reactivity is indiscriminate, so although their
lifespan lasts only microseconds, chain reactions may be thousands of events
long, causing the autocatalysis underlying most critical illnesses.
Pierce et al. (2004) suggest two free radicals are significant:

B nitrogen oxygen species (NOS)
B reactive oxygen species (ROS).

ROS, also called oxygen free radicals or oxygen radicals, are formed during
reduction of oxygen to water and have been implicated in hundreds of diseases
(Pierce et al., 2004). Oxygen radical reactions form toxic radices such as
superoxide, hydrogen peroxide (H,0O,) and hydroxyl (Mak & Newton, 2001).
Hydrogen peroxide is highly reactive, damaging cell membranes and DNA
(Pierce et al., 2004).

Oxygen metabolism occurs intracellularly, inevitably releasing some
radicals. The few radicals normally produced are destroyed by antioxidants
such as vitamin E, vitamin C and albumin. Massive production of oxygen free
radicals overwhelms endogenous antioxidant defences. Despite many studies,
antioxidant therapy has few benefits; Haji-Michael (2000) argues that only
selenium and glutamine have proven benefits. Neutrophil activation increases
oxygen free radical production.

Hypoxic vascular epithelium releases endogenous nitric oxide, a vasodila-
tor. Increasing blood flow delivers more oxygen to the hypoxic tissue. Nitric
oxide release is stimulated by nitrates, such as glyceryl trinitrate and isosor-
bide dinitrate. Excessive nitric oxide production causes massive vasodilata-
tion, one factor causing SIRS.

Reperfusion injury is almost inevitable when tissues are reperfused. During
perfusion failure, anaerobic metabolism from alternative energy sources
releases many toxic mediators which accumulate in tissues that are not per-
fused. Reperfusion flushes large numbers of these toxic mediators into systemic
circulation. Among the symptoms these can cause during reperfusion are
myocardial depression and dysrhythmias.

Implications for practice

B Most critical pathologies originate at microcellular rather than macro-
system level; understanding these processes enables nurses to understand
pathologies and treatments covered in most other chapters (e.g. pressure
sores, oxygen toxicity, fluid and electrolyte balance).
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B Cells need energy and oxygen. Microcirculatory resuscitation requires

@ oxygen delivery to cells (tissue perfusion)
@ nutrition
® ventilation.

B High FiO, (above 0.5-0.6) is potentially toxic so should not be used for
more than a few hours.

B Reperfusion injury can cause secondary damage, so recovery requires
close observation of effects (e.g. dysrhythmias) and prompt intervention.

Summary

Cell function is complex, and knowledge of cell function and potential medical
interventions is rapidly increasing. Understanding cell dysfunction is a useful
basis for understanding pathophysiologies described in the remainder of this
section. The microscopic nature of cell function and dysfunction make these
less easy to understand the function and dysfunction of major organs. This
chapter has therefore given an overview of cellular pathology and some of the
more significant mediators.

Most critical illnesses originate and progress at cellular level; macroscopic
symptoms are accumulations of microscopic problems. Treatments should
therefore focus on underlying mechanisms of disease rather than more easily
observed effects. Understanding these microscopic mechanisms enables nurses
to monitor and assess effects of treatments.

Abnormal figures (e.g. disordered arterial blood gases) may be tolerated to
assist cell recovery (e.g. permissive hypercapnia — see Chapter 27).

Current attempts to target problems from cell dysfunction prompt frequent
articles in medical and scientific journals. Fewer articles have appeared in
nursing journals, but Pierce ef al. (2004) and Scheibmeir et al. (2005) provide
recent summaries. Normal cell physiology can be revised from a recent and
appropriate anatomy text such as Marieb (2004). www.routledge.com/
textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

David Roberts, 33 years old with a history of poorly controlled asthma,
is admitted to the ICU following a respiratory arrest. On endotracheal
suction his sputum is thick mucopurulent and arterial blood gases indicate
severe respiratory acidosis.
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His blood results include abnormalities in white blood cells and other
blood results:

WBC 27.3 X 10~?/litre
Platelets 277 X 10~ /litre
Neutrophils 23.4 X 10~/litre
Eosinophils 1.6 X 10~ ?/litre
Basinophils 0.8 X 10~ %/litre
Monocytes 0.7 X 10~ /litre
Lymphocytes 0.7 X 10~ Y/litre
Hb 7.6 gflitre

CRP 372 mg/litre
Arterial blood gas

pH 7.26

PaCO, 8.08 kPa

PaO, 8.78 kPa

HCO; 24.2 mmol/litre
Base excess 0.1 mmol/litre
Lactate 2.3 mmol/litre

Q.1 Draw and label a diagram of the typical eucaryotic cell. Include
structures (and make brief notes on their functions) such as
nucleus, cytoplasm, cytoskeleton, microtubules, endoplasmic
reticulum, Golgi complex, ribosomes, mitochondria, lysosomes,
cell surface (or surface membrane) with its various structures and
components (e.g. desmosomes, tight junctions, gap junctions,
antibody response and hormone binding sites).

Q.2 Analyse David’s WBC differential results; does it indicate inflam-
matory response or infection? (e.g. consider functions of each cell
type, cells increase in response bacteria or have digestive function
which respond to allergens.)

Q.3 David develops systemic hypotension and acute lung injury. Review
the cellular processes which caused this from his respiratory condi-
tion (e.g. effect of hypoxia and hypercarbia on cellular function,
mitochondrial ATP production, cell membrane potential, mediators
triggered, function and systemic effects of these mediators, causes
of capillary permeability, role of basophils, implications of associated
histamine release).

Chapter 21 identifies normal reference ranges.
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Immunity enables us to resist many potential pathogens, but most ICU
patients are immunocompromised. This chapter describes normal immunity,
illustrating dysfunction through Human Immunosuppressive Virus (HIV) and
Acquired Immune Deficiency Syndrome (AIDS).

Immunity

Classifications of immunity derive from historical schools of immunology,
which increasingly recognised that different modes of immunity existed
concurrently. Immunity may be

B nonspecific (innate)
B specific (adaptive).

Nonspecific immunity is any defence mechanism not targeting specific micro-
organisms. Much human nonspecific immunity is present at birth. Specific
immunity is necessarily acquired through exposure to various organisms or
antibody vaccination.

Immunity may also be classified as cell mediated and humoral. Cell-
mediated immunity causes T-lymphocytes to respond to (nonspecific) protein
by producing various cytokines; humoral immunity is mediated by antibodies
(B-lymphocytes) in the blood so is antigen-specific.

Nonspecific immunity

Many body systems include defence mechanisms against foreign material, all
potentially compromised by critical illness and treatments (e.g. intubation,
steroids). Examples of nonspecific immunity include

B stickiness of mucous membrane and cilia (trapping airway particles
smaller than 2 micrometres)

body ‘flushes’ (tears, saliva), many including antibacterial lysozyme
sebrum (from sebaceous glands) preventing bacteemrial colonisation of skin
acidity/alkalinity of gastrointestinal tract

pyrexia (see Chapter 8)

inflammatory response — increases and activates phagocyte and
complements

interferon — inhibits viral replication and enhances action of killer cells
lactoferrin — binds iron (needed by microbes for growth)

release of the steroid hormone cortisol (hydrocortisone) from the adrenal
glands and the glucocorticoid hormone cortisone from the liver.

Nonspecific chemical defences inhibit bacteria and viruses but place stress on
the body: inflammation can become pathological (e.g. SIRS — see Chapter 33),
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while graft versus host disease (GvHD - see Chapter 44) threatens viability of
transplanted tissue (foreign protein), necessitating immunosuppressant
drugs.

Specific immunity

Specific immunity involves recognition of a specific antibody by antigens. In
response to antibodies, antigens then initiate a cascade of defensive mecha-
nisms to destroy the antibody. In health, antigen—antibody responses provide
valuable defence, but excessive or inappropriate responses can cause

B allergy
B anaphylaxis

or if the body’s own tissue is identified as the antigen,
B autoimmunity.

Specific immunity involves two types of lymphocytes: T and B (see
Chapter 21). Antigen recognition by T-lymphocytes usually precedes
B-lymphocyte production.

Immunodeficiency

Failure of the immune system is usually secondary to either autoimmune
pathologies (e.g. HIV, leukaemia, hepatic failure) or drug-induced (e.g.
steroids, cyclosporin A, chemotherapy). The immune system can also be over-
whelmed by infection or complex surgery/invasive treatment, exposing
patients to opportunistic infections (e.g. MRSA) that may colonise, but not
infect, healthier people (e.g. staff).

Older people (most ICU patients) have decreased immunity due to reduced
T-cell function (Schwacha & Chaudry, 2000) and other factors.

Steroids

Despite variable use over many decades to treat various conditions, steroid
therapy remains controversial, tending to treat symptoms (inflammation)
rather than causes. Symptom treatment may be justified when ‘cures’ prove
evasive.

HIV

Two human immunosuppressive viruses (HIV) have been identified: HIV-1
and HIV-2. HIV-1, prevalent in the West, is primarily described here. HIV-2,
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predominant in Africa, is structurally different from HIV-1 and may be less
virulent (Lever, 2001) but causes similar symptoms. Worldwide, rates of HIV
infection are increasing, especially in developing countries (Woodman, 1999).

Auto Immune Dysfunction Syndrome (AIDS) only occurs with symptoms
from opportunistic infection; HIV + people who remain symptom-free are
colonised, but not infected. So while HIV can lead to AIDS, it is not the same
as AIDS. Half of HIV carriers will probably develop full AIDS within
9-11 years (Mann, 1999), although a few early carriers remain AIDS-free.

While HIV is rightly seen as a major threat to modern healthcare, hepatitis B
causes more disease and death than HIV.

The virus

HIV was first reported in 1981; this virus quickly created levels of fear and
stigma unknown since syphilis epidemics. Hysteria was heightened by it being
a sexually transmitted disease and early association with homosexuals and
(to a lesser extent) intravenous drug users, even though worldwide most HIV
is transmitted heterosexually.

In the West, infection among ‘high risk’ groups has declined, although
needle sharing still causes about one-tenth of all UK HIV+ infections
(Bennett & Baker, 2001). Infection rates have increased among heterosexual
non-drug users. UK incidence varies greatly but tends to be highest in large
inner-city areas.

HIV primarily attacks CD4 (T helper) lymphocytes so causes progressive
problems from immunodeficiency. Once inside host cells, HIV transmits
genetic information as a single RNA strand. Using the enzyme reverse tran-
scriptase, it then replicates RNA into a DNA copy (hence ‘retrovirus’). This
clumsy arrangement is complicated by inaccuracies of enzyme replication,
causing on average one mutation each replication cycle (Wainberg, 1999).

The virus may avoid detection because

B seroconversion takes some weeks to occur

B HIV-2 may evade tests relying on antibody detection

B HIV-1 subtype O (a West African subgroup) may remain undetected by
either HIV-1 or HIV-2 tests (Loussert- Ajaka et al., 1994). So HIV nega-
tive results do not necessarily confirm absence of the virus. Subgroups
have also emerged which are more resistant to anti-retroviral drugs
(Boden et al., 1999).

Initially, the virus replicates rapidly: 10°~10'? daily, but after seroconversion,
viral titre drops dramatically (Leigh Brown, 1999).

In 1993 the USA’s Centre for Disease Control extended definitions of AIDS
to include all severely immunocompromised patients (CD4 counts below
200 X 10° per litre). This definition is not accepted in the UK or Europe
(Bennett & Baker, 2001), causing possible discrepancies with statistical
comparisons.
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Problems

Autoimmune dysfunction exposes patients to opportunistic infections:

B respiratory
B gastrointestinal
B central nervous system

although newer antiretroviral drugs have reduced incidence of opportunistic
infections (Wolff & O’Donnell, 2001). Anxieties and stigma surround HIV
and AIDS often increase psychological needs of patients and families and
friends.

Respiratory failure remains the main cause of ICU admission (Morris et al.,
2002). Most respiratory infections are caused by the organism Preumocystis
jirovici (formerly called Pneumocystis Carinii Pneumonia, and still called PCP)
(Thomas & Limper, 2004), usually occurring when CD4 counts fall below
200 cells/mm? (Avidan et al., 2000). While this remains the single main cause
of AIDS-related admission to the ICU, incidence of PCP has reduced (Morris
et al., 2002), and nearly half of HIV + patients on ICUs are admitted for non-
respiratory reasons (Gill et al., 1999). Pneumocystis forms cysts in alveoli and
interstitial lung tissue, which often progress to ARDS. Tuberculosis (TB) infec-
tion increasingly complicates AIDS, especially in inner-city areas (Rayner,
2004), a problem aggravated by development of resistant strains (Djuretic
et al., 2002).

PCP causes pyrexia, a nonproductive cough and respiratory failure.
Whether artificial ventilation is justified for PCP remains debated, but should
partly depend on short-term prognosis. NIV may support respiratory failure
without the trauma of intubation, although even this raises dilemmas of
whether life or death is being prolonged.

Gastrointestinal dysfunction includes malnourishment and increased motil-
ity. Many patients are malnourished (with weight loss) on admission, from
prolonged illness and reluctance to eat or drink due to breathlessness.
Malnourishment further impairs immunity and healing, while increased motil-
ity from both disease and drugs causes diarrhoea, vomiting and nausea.
Malnutrition and muscle wasting increase mortality. Nutrition should there-
fore be a priority. Vitamin supplements may be needed, as deficiency from
malnutrition is likely. Antiemetics and antidiarroheal drugs can restore com-
fort and dignity. Mouthcare provides comfort and helps prevent opportunist
infection.

Central nervous system damage and encephalitis are usually seen at post-
mortem. Many patients suffer both cognitive and behaviourial changes such as
memory loss, apathy and poor concentration. Dementia occurs in up to two-
thirds of people with AIDS (Abbas et al., 1994); Gill et al. (1999) found the
mean age of HIV+ patients on ICU was 38 years, not an age-group usually
associated with dementia. Cognitive changes can be especially distressful for
families and friends.
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Psychological stressors include

B stigma surrounding HIV/AIDS
B anxieties about dying.

Psychological distress needs human care and interaction, spending time with
people and allowing them to express their needs. Isolation may reinforce
stigmatisation or provide valuable privacy for patients and their families/
friends.

Drug freatments

Frequent viral mutations frustrate development of ideal anti-HIV drugs.
Development of more effective drugs, and use of combination therapy, have
reduced incidence of AIDS-defining illnesses (such as PCP) (Mocroft et al.,
2000), survival rates increasing from 49 to 71 per cent between 1991 and
2001 (Morris et al., 2002; Narasinghan et al., 2004).

Drugs may be used to

B inhibit viral replication
B relieve symptoms
B treat/prevent complications.

Antiretroviral drugs are generally very toxic, causing many adverse effects.
The three main groups of antiviral drugs are:

B nucleoside analogue reverse transcripate intibitors (NRTIs) - e.g.
didanosin, lamivudine, stavudine, zalcitabine, zidovudine

B non-nucleoside analogue reverse transcripate intibitors (NNRTTs)

B protease inbibitors (Pls), which make virus particles immature and so
non-infectious (Bennett & Baker, 2001) — e.g. indinavir, ritonavir.

Co-trimoxazole remains the standard treatment for PCP (Vilar & Wilkins,
1998), although other drugs such as Pentamadine (intravenous, nebulised)
may be used instead. Pentamidine has more toxic effects, including hypo/
hyper-glycaemia, dysrhythmias and renal failure (Vilar & Wilkins, 1998).

Ethical and health issves

HIV and AIDS have raised more ethical dilemmas and issues than any other
disease in recent years. HIV tests, even when negative, may threaten insurance
and mortgage policies and employment prospects. Technically, any
nonconsensual touch is (legally) assault.

Relatives may discover diagnosis of HIV/AIDS from death certificates, hav-
ing been unaware, and perhaps disapproving, of the deceased’s lifestyle. This
can cause additional distress following bereavement. But nurses’ duties of
confidentiality to their patients are absolute (apart from specific legal
requirements), extending beyond death of patients.



Dilemmas raised through clinical practice can usefully be discussed among unit
teams, contributing to professional growth of all involved. Goffman (1963) and
Sontag (1989) raise provocative insights. Support agencies are identified below.

HIV and AIDS are not included in the Public Health (Control of Diseases)
Act 1984 (Dimond, 2005), probably due to historical accident of this act being
drafted before AIDS became a significant problem in the UK. HIV and AIDS
are not therefore notifiable diseases.

Although complacency should be avoided, risk from occupational exposure
is small. Five healthcare workers have died from occupational exposure to
HIV in England, Wales and Northern Ireland, with a further 11 deaths from
occupational exposure abroad (Evans et al., 2001). In comparison, Evans et al.
(2001) identified 151 deaths from hepatitis B between 1997 and 2000.
However, nurses fail to appreciate risks of infection from needle stick injury
(Leliopoulou et al., 1999). All body fluids from all patients are potentially
hazardous; Gill ez al.’s (1999) study found that 27 per cent of HIV+ patients
in ICUs were undiagnosed on admission.

B Many ICU pathologies and treatments impair immunity, so high standards of
infection control are needed to protect patients from opportunistic infections.

B Patients with AIDS admitted to the ICU usually need respiratory support,
usually because of PCP. Appropriateness of interventions, such as whether
to limit support to NIV, should be based on short-term prognosis and
(where possible) patients” wishes.

B People with HIV/AIDS may experience prejudice and stigma. Nurses have
a duty of care to all their patients and should promote positive attitudes
among other staff.

B AIDS often causes various gastrointestinal symptoms. Nurses should
assess nutritional needs and bowel function, feeding early and providing
appropriate care and support.

B HIV+ patients and their families may need additional psychological
support; involving specialist agencies may be beneficial.

B Unit discussions (ethical forums, case review) can stimulate useful debate
for professional development.

IMMUNITY

Summary

Most patients in the ICU are immunocompromised. Treatments and interven-
tions increase infection risks, but proactive infection control can reduce risks
from nosocomial infection.

HIV and AIDS have created medical and ethical challenges to healthcare.
The unique role of nurses in the ICU team enable them to challenge and
resolve stigmas and negative attitudes to meet the psychological and
physiological needs of their patients.
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National AIDS helpline 0800 012-322
Terrence Higgins Trust 0845 1221-200
Body Positive 800-566-6599

Immunology is discussed in most physiology and microbiology texts. Pratt
(2003) provides an excellent text on HIV and nursing, while Bennett and
Baker (2001) is a useful review, although neither is specifically ICU focussed.

Ethical dilemmas raise issues from wider contexts; Goffman’s (1963) clas-
sic work on stigma (written before HIV was identified) and Sontag’s (1989)
outstanding investigative journalism offer valuable sociological insights, rais-
ing many ethical issues. Extreme reactions to the stigma of a fictional killer
virus are effectively illustrated in the film Outbreak (Warner Brothers, 1995).
Many experiential accounts exist, such as Gunn’s (1992) poetry chronicalling
deaths of friends from AIDS. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Vanessa Warring, a 27-year-old single mother of two small children, was
admitted to intensive care for ventilatory support following rapidly
deteriorating respiratory function from right lung pneumonia. Vanessa
refused consent for a HIV test pre-intubation. Microbiology results
confirmed presence of Preumocystis pneumonia (PCP). Her CD4 count
on admission was <20 cells/mm?>. Over the next 10 days, Vanessa con-
tinued to deteriorate despite therapy, she became colonised with several
opportunistic organisms and it was obvious that she was dying. Her
children were being cared for by a social worker.

Q.1 Explain the differences in immune response between HIV positive
and HIV negative people on exposure to Prneumocystis jiroveci.
(Why is an HIV positive person more likely to develop PCP?). List
other opportunistic organisms, and their source, which are likely to
infect Vanessa.

Q.2 Analyse the interventions available to support Vanessa’s system;
include the value and limitations of these interventions (e.g. pro-
tective isolation, drug therapies of antibiotics, antiviral, antifungal,
nutrition, psychological support, therapeutic relationships).

Q.3 Consider the ethical and legal issues associated with this situation.
Should Vanessa’s children be tested for HIV? Who should make
this decision and how would this be justified?
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Disseminated intravascular coagulation (DIC) is secondary to other pathologies

and has been variously called ‘consumptive coagulopathy’ and ‘defibrination

syndrome’. DIC is uncontrolled systemic activation of coagulation, just as SIRS

is uncontrolled systemic activation of inflammatory homeostatic responses.
Haemostasis has four phases:

1 smooth muscle contraction (vasoconstriction; myogenic reflex)

2 formation of platelet plugs

3 formation of fibrin clot (blood clotting/coagulation), followed by retrac-
tion of fibrin clots

4 fibrinolysis.

Pathophysiology and treatments are described, together with three related
syndromes:

B haemolytic uraemic syndrome (HUS)
B thrombotic thrombocytopenia purpura (TTP)
B heparin-induced thrombocytopaenia and thrombosis syndrome (HITTS).

Venous stasis from immobility and procoagulant pathologies predispose
nearly all ICU patients to risk of deep vein thromboses (DVT) which are the
single main cause of pulmonary emboli. DVT prophylaxis, which is usually
‘routine’ for all ICU patients, is also discussed in this chapter.

Pathophysiology

DIC is inappropriate systemic activation of coagulation (Levi & ten Cate,
1999). Endothelial damage, often from gram negative bacteria, activates the
intrinsic clotting cascade. Pro-inflammatory mediates are released, resulting in
further hypotension and increased vascular permeability. Proteolysis releases
fibrin degradation products (FDPs), which cause further capillary obstruction
and anticoagulation. The hepatic reticulo-endothelial system, which normally
clears FDPs, becomes overwhelmed by excessive degradation productions or
impaired liver function. Other circulating mediators of cellular injury, such as
cytokines (e.g. IL-1, IL-6, TNFa) and antigen-antibody complexes, further
complicate DIC, causing interstitial oedema and hypovolaemia.

Although gram negative bacteria cause most cases of DIC, other possible
triggers include

viruses (especially varicella, hepatitis, CMV)

trauma

vascular disorders (aortic aneurysm)

severe burns

obstetric complications (amniotic fluid embolus, abruptio placentae)
hepatic failure (low-grade DIC)



DIC

M cancer
B reaction to toxins (snake venom, drugs, amphetamines)
B  immunological disorders (severe allergic reactions, haemolytic transfusion
reaction, transplant rejections).
(Hambley, 1995; Levi & ten Cate, 1999)

DIC is best diagnosed through D-dimer and FDP tests (Yu et al., 2000).

Progression

DIC causes four main complications:

B  hypotension

B microvascular obstruction and necrosis
B haemolysis

B  haemorrhage.

Stagnation of capillary flow from prolonged hypotension and systemic arteri-
ovenous shunting causes

B metabolic acidosis
B tissue and cell ischaemia
B intracapillary thrombosis.

Procoagulant material from cell injury enters the systemic circulation,
activating widespread inappropriate clotting. Proteolysis stimulates further
coagulation and fibrinolysis, causing intravascular formation of fibrin (Levi &
ten Cate, 1999). Excessive fibrin deposits consume clotting factors (hence
‘consumptive coagulopathy’) and cause inappropriate clotting. Fibrin meshes

B obstruct blood flow (especially to arterioles, capillaries and venules) causing
capillary ischaemia and tissue necrosis

B haemolyse the erythrocytes that do manage to penetrate the fibrin mesh

B ctrap platelets (hence low platelet counts).

Consumption of clotting factors leaves insufficient supply for homeostasis, so
patients bleed readily (typically from invasive cannulae and trauma, such as
endotracheal suction). DIC progresses rapidly, often occurring within a few
hours of the initiating cause.

Early symptoms of DIC are typically nonspecific, such as

B mild cerebral dysfunction (e.g. confusion)
B dyspnoea
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B  mild hypoxia

B petechial bleeding (especially trunk)
B skin rashes

B purpura

B spontaneous mucocutaneous bleeding
B  minor renal dysfunction.

As DIC progresses, symptoms become more severe. DIC prolongs clotting
times, with high levels of FDPs such as D-dimers and reduced levels of
antithrombin and many clotting factors, especially fibrinogen, platelets,
antithrombin. Patients bleed from multiple sites, including arterial and venous
cannulae.

Skin symptoms are easily visible; subdermal haemorrhages cause purpura,
the skin may appear cyanotic, mottled or cool, and in latter stages gangrene
may develop.

Vascular fibrin deposits form throughout the cardiovascular system,
progressive organ failure follows:

lungs: especially ARDS, pulmonary emboli and pulmonary hypertension
kidneys (intrarenal failure)

liver

cerebral: microthrombi may cause confusion or cerebrovascular accidents;
unconsciousness may mask neurological symptoms.

Highly vascular surface membrane are especially prone to haemorrhage.
Bleeding may occur from traumatic endotracheal suction, further complicating
respiratory function. The gastrointestinal tract is especially susceptible to
haemorrhage, so gastric drainage/aspirate and stools should be assessed for
blood (including occult and melaena). If patients are not being fed enterally,
stomach decompression (free nasogastric drainage) reduces stomach stretch
and acid accumulation, so helps prevent haemorrhage.

Treaitment

DIC is always secondary to an underlying problem, so resolving underlying
causes is a priority (Levi & ten Cate, 1999):

B controlling inflammation
B system support, including oxygenation and nutrition.

Clotting factors should be replaced: platelet transfusion, especially fresh
frozen plasma and cryoprecipitate (Green, 2003). Fresh blood and fibrinogen
may also be used. Levi & ten Cate (1999) recommend only giving platelets if
counts are low. Longer-term management should include restoring endoge-
nous haemostasis (including through nutrition) to resolve underlying prob-
lems. Vitamin K may also be given. Concentrates of coagulation factors should



be avoided, as they may contain traces of activated clotting factors, and DIC
usually causes deficiency of all factors (Levi & ten Cate, 1999). Antifibrin
should be avoided, as DIC usually causes insufficient fibrinolysis, so further
inhibition of fibrinolysis is inappropriate (Levi & ten Cate, 1999).

Platelet infusions should be handled carefully, as turbulence (e.g. shaking)
damages platelets, and given quickly through dedicated administration sets.
Used blood giving sets should not be used for FFP and other clotting factors,
as anticoagulant used with blood may adhere to plastic and neutralise FFP.

Severe acidosis may be actively reversed. System failure often necessitates
support (e.g. ventilation, inotropes, haemofiltration). Various other symptoms
may also require treatment (e.g. antibiotics and cytoprotective drugs to pre-
vent gastric bleeding). Activated Protein C (ACP - see Chapter 33) can reverse
DIC (Levi & ten Cate, 1999; Toh & Dennis, 2003).

Heparin, once used to release clotting factors from microthrombi, is usually
counter-productive, inhibiting the anti-inflammatory effects of antithrombin
(Warren et al., 2001). Levi and ten Cate (1999) recommend using heparin both
for thrombolysis and to prevent DVT formation, but Green (2003) suggests that
heparin may be useful as tertiary treatment, but should only be given on the
advice of a haematologist. Antithrombin may (Opal et al., 2002) or may not
(Warren et al., 2002) be effective for DIC caused by sepsis. Other possible treat-
ments include Activated Protein C (Xigris), Tranexamic acid and aprotinin.

Related pathologies

Haemolytic uraemic syndrome (HUS) is a rare disorder, similar to DIC but
localised to kidneys, caused by fibrin deposits in renal capillaries. Parker (1997)
suggests that HUS is the paediatric counterpart to TTP, but other authors apply
HUS to adults. Pathology and causes of HUS are unclear, but often associated
with bacterial or viral infections (especially E. coli), oral contraceptives,
ciclosporin A or complement abnormalities (Friedman, 1992). Unless treated
with urgent plasma exchange is almost invariably fatal (Short et al., 2001).

Thrombotic thrombocytopenia purpura (TTP), also rare, is traditionally
considered a separate syndrome from HUS, but has similar symptoms, patho-
physiology and treatments (Short et al., 2001), extending to systemic and central
nervous system involvement. Symptoms typically include purpura, neurological
deficits, multifocal neuropsychiatric disturbances and renal failure. TTP is usually
treated by plasmapheresis and supportive therapies. Platelets may exacerbate TTP,
so should not be transfused unless there is life-threatening haemorrhage (British
Society for Standards in Haematology, Blood Transfusion Task Force, 2003).

Heparin-induced thrombocytopenia and thrombosis syndrome (HITTS;
HIT) is caused by heparin therapy, especially unfractioned rather than low
molecular weight heparin (Warkentin, 2003). Like DIC, HITTS can become
fulminant, causing major organ infarction (e.g. myocardial, cerebral). Platelets
may cause acute arterial thrombosis so should not be given (British Society for
Standards in Haematology, Blood Transfusion Task Force, 2003). Unfraction
heparin is now rarely used.
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Bleeding can occur anywhere, internally or externally. Nurses should therefore

B observe skin for bruising, petechial or purpuric haemorrhages

B observe any invasive sites for oozing/bleeding (e.g. intravenous cannulae,
drains, wounds)

B observe and test any body fluids for blood (nasogastric aspirate, vomit,
stools, urine).

Daily urinalysis may also reveal protein. Any abnormal findings should be
reported.

Although DIC is a medical problem, and treatments will be medically
prescribed, nursing care can significantly reduce complications from trauma,
sepsis and bleeding. Many nursing interventions may provoke haemorrhage:

endotracheal suction

turning

cuff blood pressure measurement
enemas

rectal/vaginal examinations
plasters/tape

shaving

mouthcare.

Some interventions may be necessary, although alternative approaches should
be considered. For example, as wet shaves are likely to cause bleeding; electric
shavers may be safer. Similarly, foam sticks are less traumatic than tooth-
brushes. Lubrication of skin and lips (e.g. with white petroleum jelly) helps
prevent cracking. Invasive cannulae and procedures should be minimised to
reduce risks of haemorrhage.

Small bleeds which may be physiologically insignificant can cause great dis-
tress, and possible fainting. Visitors should be warned about the possible sight
of blood, escorted to the bedside and observed until staff are satisfied about
their safety. If patients sense their relatives are distressed, they may themselves
become distressed, aggravating their disease.

Deep vein thromboses

Risk of thromboembolism is significantly increased with bedrest. ICU patients
are often at especially high risk of developing deep vein thrombosis (DVT), as
systemic inflammatory responses cause hypercoaguability. ICU incidence
ranges between rates 22-80 per cent (Attia et al., 2001), incidence increasing
with age (Jacobs, 2003). Pulmonary emboli are almost invariably from DVTs
(British Thoracic Society, 2003). DVT delays hospital discharge by an average
of one week (Parnaby, 2004).



Development of DVT is significantly reduced with subcutaneous low
molecular weight heparin (Attia et al., 2001; Jacobs, 2003) and knee-length
anti-thrombotic stockings (‘TEDs’)™ (Attia et al., 2001; Howard et al., 2004;
Morris & Woodcock, 2004; Parnaby, 2004; Prandoni et al., 2004). Unless
there are specific contraindications, such as excessively prolonged clotting, all
patients in ICU should have

daily subcutaneous low molecular weight heparin

daily clotting screens (target INR 2-3 (BCSH, 1998))
knee-length anti-thrombotic stockings

twice daily removal and remeasuring of stockings twice daily.

Patients should be closely observed/monitored for complications in all
body systems.

Nurses should minimise interventions that will cause trauma/bleeding.
Visitors should be warned of the possibility of seeing blood, and should be
escorted and observed until safe.

B Unless specifically contraindicated, all ICU patients should receive DVT
prophylaxis (anticoagulants, TEDs™).

Summary

DIC is a complication caused by a variety of pathological processes. Early
treatments with anticoagulants have been largely superseded by more conser-
vative (temporary) approaches of replacing clotting factors and treating symp-
toms to buy time while the underlying pathology is treated.

Nursing care should focus on avoiding complications of trauma, while min-
imising anxiety to both patients and relatives.

Patients in the ICU are at especially high risk of developing deep vein
thromboses often due to prolonged immobility and pro-coagulant diseases and
syndromes. DVT prophylaxis is, and should be, routine for all ICU patients,
unless there are specific contra-indications. Prophylaxis generally includes
daily subcutaneous injection of low molecular weight heparin, knee-length
anti-thrombotic stockings and daily clotting screens.

Further reading

Management of DIC has changed significantly over recent decades, so old mate-
rial should be actively avoided. Levi and ten Cate (1999) provide the best recent
medical review, but Green (2003) and Bastacky and Lee (2001) are also useful.

The British Society for Standards in Haematology, Blood Transfusion Task
Force (2003) offers details and definitive guidance for platelet transfusions.

DVTs remain problematic in many specialities, generating articles in
various journals. Morris and Woodcock (2004) is a useful medical review.
www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239
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Gary Williams is a 56-year-old Afro Caribbean admitted with a coagu-
lopathy of unknown cause. Initial investigations revealed deranged clot-
ting, 15-20 ml/h of cloudy urine with casts, fever (37.7°C), tachypneoic
(44 breaths/minute), tachycardic (124 beats per minute) with hypotension
(84/58 mmHg) and severe metabolic acidosis. He has blood shot eyes and
rectal bleeding.

Gary’s blood investigations values include: Laboratory reference range:

INR 1.5 0.8-1.1
APTT ratio 3.78 0.85-1.15
Thrombin time (seconds) 21 11-16
Fibrinogen (g/litre) 1.5 2-4
D-Dimer (mg/litre) 8.48 0.0-0.3
Platelets (10=2/litre) 26 150-450
Hb (g/dl) 7.8 13.0-17.0
WBC (10-9/litre) 23.1 4.0-11.0
Neutrophils (10-7/litre) 22.4 1.7-8.0
Llymphocytes (10-9/litre) 0.7 1.0-4.0
Monocytes (10-9/litre) 0.1 0.24-1.1
HCT 0.24 0.41-0.52
RBC (10~12/litre) 2.91 4.5-6.0
Urea (mmol/litre) 12.9 3-9
Creatinine (wmol/litre) 517 70-114 [Male)
Creatine kinase (U/litre) 15571 30-210
Sensitive CRP (mg/litre) 244.8 0-8.0
Troponin T (ng/lifre) 0.02 0-0.05

Q.1 Interpret Gary’s blood results and note the clinical significance of
abnormal values. Consider which blood results are related to
intrinsic activation and those which are related to extrinsic activa-
tion of blood coagulation.

Q.2 Review which coagulation disorder is most likely to be associated
with Gary’s symptoms, vital observations and blood results (e.g.
HUS, DIC or other). Consider primary cause (e.g. sepsis, rhab-
domyolysis) and how diagnosis may be confirmed.

Q.3 Three units of blood, cryoprecipitate, fresh frozen plasma and
platelets are prescribed. Outline the rationale for this treatment and
nursing approaches which can maximise their therapeutic benefits
(e.g. specify methods, routes and order of administration, storage,
temperature, minimising bleeding points and/or further fibrinolysis,
evaluating effectiveness).
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ARDS, frequently progressing into multi-system failure, is a major cause of
ICU admission. This chapter concentrates on pathophysiology and medical
interventions and treatments. Much nursing time is devoted to assisting doc-
tors (monitoring, giving prescribed treatments) so nurses need to understand
pathology and treatments. Prolonged stay and poor prognosis may increase
psychological needs of ICU patients and families.

Improved management has increased survival over the last decade (Brower
et al., 2001), but mortality remains high — 35-65 per cent (Ranieri ez al., 1999;
Belligan, 2002; Hughes et al., 2003). Outcome is unpredictable either at onset
or when oxygenation is worst (Valta ez al., 1999). ARDS is usually caused by
infection, multiorgan dysfunction syndrome (MODS) or ventilator-induced
lung injury (Tidswell, 2001). Many victims are young, and one year after-
wards survivors have poor quality of life, including respiratory limitations
(Orme et al., 2003), muscle wasting and weakness (Herridge et al., 2003).

ARDS is defined as:

B acute injury to the lung with a PaO,/FiO, ratio below 200 mmHg or
<27 kPa, regardless of PEEP
B bilateral chest infiltrates on X-ray
B pulmonary capillary wedge pressure below 18 mmHg.
(Bernard et al., 1994a,b)

Problems created by ARDS have encouraged attempts with many treatments,
none of which is without problems or criticism. However, the most promising
treatments for reducing ARDS mortality focus on reducing the inflammatory
response and MODS (Esteban et al., 2000).

Pathology
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Early descriptions of ARDS usually identified two stages — exudative, followed
by proliferative. Increasingly these stages have been seen as over-lapping,
forming a continuum. ARDS is like SIRS, only confined to the lungs, causing
coagulation, fibrinolysis and extravascular fibrin deposition (Idell, 2003).
Inflammatory responses increase capillary permeability, so fibrin and other
plasma proteins leak into and fill interstitial spaces (Bellingham, 1999).
Increasingly, neutrophils follow (Deby-Dupont & Lamyl, 1999), releasing
cytokines and oxygen free radicals (Quinlan & Evans, 2000). Oxygen free rad-
icals (see Chapter 24), cause widespread cell damage, including haemorrhage
(Deby-Dupont & Lamy, 1999) and hylaine membrane formation (Salmon &
Garrard, 1999).
These cause

B significantly reduced functional residual capacity
B reduced (self-ventilating) tidal volume



B high airway pressure (from reduced volume)

B  pulmonary ‘shunting’ (V/Q <0.8).

If high airway pressure persists, barotrauma and volutrauma cause progressive
damage (see Chapter 4).

Exudation destroys alveolar basement membrane, replacing normal Type 1
alveolar cells, which produce surfactant, with Type II (Bellingham, 1999). Total
lung collagen can double in two weeks (Bellingham, 1999) making lung tissue
rigid, reducing compliance, increasing alveolar deadspace and accelerating
respiratory failure (Artigas et al., 1998; Bellingham, 1999). Other problems
include

emphysema-like lesions (Gattinoni et al., 1994)

capillary microembolism

pulmonary hypertension

cardiac output, initially high, falls as compensation fails

microcysts developing, especially in dependant lung tissue (Salmon &
Garrard, 1999)

pneumothorax (Salmon & Garrard, 1999).

Treaiment

Treatment focuses on preventing further ventilator-induced injury, recruiting
alveoli and supporting failing systems by

B limiting FiO, below 0.65
B optimising PEEP (10-15)
B limiting peak inflation pressure (maximum 30-35 cmH,O end expiratory
pressure)
B  maximising mean inflation pressure (optimising gas exchange).
(Artigas et al., 1998)

Ventilation

Mechanical ventilation can cause or aggravate acute lung injury (Ranieri et al.,
1999). Trauma from large tidal volumes is called ‘volutrauma’ (some-
times called ‘volotrauma’). Using smaller tidal volumes and accepting
abnormally high arterial carbon dioxide tensions (permissive hypercapnia) to
limit peak airway pressure can help alveoli recover. Reducing pre-set tidal
volume (TV) from 12 to 6 ml/kg reduces mortality (by 22 per cent) and
duration of ventilation (Acute Respiratory Distress Syndrome Network,
2000; Brower et al., 2001). However Brochard et al. (1998) found no
benefits to reducing tidal volume provided plateau pressures were below
35 cmH,0.
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Permissive hypercapnia may create life-threatening respiratory acidosis, so
should be used cautiously or avoided with:

raised intracranial pressure

anoxic brain injury (e.g. following MI)
severe ischaemic heart disease
hypotension

dysrhythmias.

Panaceas for ARDS remain elusive and care should be individualised to each
patient: low tidal volume ventilation is not appropriate for every ARDS patient
(Ricard et al., 2003). Hypercapnia being a respiratory stimulant, neuromuscular
blockage may be needed.

Pressure limited/controlled/regulated ventilation limits peak inflation
pressure, so limits further volutrauma and reduces the risk of pneumothorax
(Valta et al., 1999). Gas exchange can be optimised by increasing mean airway
pressure and manipulating other aspects of ventilation, such as L:E ratio.

Alveolar recruitment is only likely to occur when PEEP exceeds 10 cmH,O,
but high PEEP (15 cmH,0) causes pulmonary oedema (Ricard et al., 2003),
so levels of 10-15 are recommended (Artigas et al., 1998), with levels being
individualised to each patient (Rouby et al., 2002). Preferences between
increasing PEEP above 15 and extending inspiratory time (e.g. inverse ratio
ventilation) remain controversial (Artigas et al., 1998).

Nurses detecting increases in central venous and pulmonary pressures
(indicative of pulmonary oedema) should alert medical staff. Nursing patients
with their head elevated reduces cerebral oedema formation.

Inverse ratio ventilation increases mean (but not peak) airway pressure:
prolonging inspiratory time increases alveolar recruitment, while shorter
expiratory phases prevent alveolar collapse. But inverse ratio ventilation can
cause air-trapping (auto-PEEP) and is usually distressing, requiring additional
sedation and causing further hypotension.

Lung rest may limit or reverse damage (Gattinoni et al., 1993) and high
frequency oscillation significantly reduces ARDS mortality (Derak ez al.,
2002). Liquid ventilation also shows promise (Haitsma & Lachmann, 2002).
These modes are discussed further in Chapter 29.

Exogenous surfactant is ineffective for ARDS (Brackenbury et al., 2001;
Spragg et al., 2003).

The vasopressor almitine has been used to shunt bloodflow from closed to
open alveoli.
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Horizontal positioning encourages oesophageal reflux, potentially causing
aspiration and ventilator-associated pneumonia (Baktoft, 2001). This may
necessitate reducing enteral feed volumes, which will prolong tissue repair,
although increasing feed volumes between prone positioning could ensure



adequate nutrition is supplied (Seaton-Mills, 2000) Angling the whole bed
with the head up reduces reflex.

More lung tissue lies posteriorly. With ARDS, lung weight can double,
causing alveolar compression and atelectasis when patients are nursed supine
(Young, 1999). Nursing prone helps reverse this process.

Tidswell (2001) lists contraindications to proning as:

raised intracranial pressure
unstable head/spine injury

facial fractures/surgery

other (e.g. abdominal distension).

Studies consistently show improvements in oxygenation, reduced shunting,
oxygen requirements and ventilator associated pneumonia (Brower et al., 2001;
Venet et al., 2001; Pelosi et al., 2002; Guerin et al., 2004). This should increase
survival, but does not appear to (Guerin et al., 2004), perhaps because proning
is only effective if instigated sufficiently early — usually within a few hours of
ARDS developing (Breiburg et al., 2000; Nakos et al., 2000). Predicting who
will benefit from proning is therefore difficult (Brower et al., 2001).

Nursing complications of prone positioning are listed in Table 27.1.

Evidence for how long to prone, when to initiate it or when to discontinue
is weak (Brower et al., 2001). Recommended duration of prone positioning
varies from 30 minutes to McAuley et al.’s (2002) 18 hours and Brower et al.’s
(2001) twenty or more hours. Tidswell (2001) suggests some patients may
benefit from 56 consecutive hours and recommends 12-20 hours per day for
most patients. Vollman’s (1997) 4-6 hours (drawn from literature review and
substantial practice) is recommended until systematic evaluation provides
more concrete guidelines.

Proning is labour-intensive. Turning takes 15-20 minutes and requires at
least four nurses to turn the patient and one doctor to manage the airway

Table 27.1 Complications of prone positioning

Pressure sores, especially on the thorax, head, iliac crest, breast and knee
Benefits do not last

Oesophageal reflux and vomiting

Safety of limbs

Extubation and line disconnection

Need for more sedation

Airway obsfruction requiring suction

Facial and orbital oedema

Increased need for sedation and muscle relaxants
Transient desaturation

Hypotension

Dysrhythmias

Need for sufficient staff — up to 6

Difficult to resuscitate
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(Tidswell, 2001). Sufficient staff should be gathered to move the patient safely,
and position changes only once it has been clearly planned, with every member
of the team clear about their role. Harcombe (2004) recommends

B pre-oxygenation before turning
B placing ECG electrodes on the back
B supporting genitalia on a pillow.

Limbs should be placed in a ‘swimmer’s’ position.

L'Her et al. (2002) report development of pressure sores from proning,
although Baktoft (2001) suggests proned patients developed fewer sores.
During prone positioning the patient’s head is at especial risk from prolonged
pressure on a few areas, especially if saliva accumulates on pillows. Absorbent
padding should be placed under the face to collect saliva (McCormick &
Blackwood, 2001). Tidswell (2001) found abrasions frequently occurred.
Prone positioning might also expose the eyes to direct pressure and trauma
from pillows (see Chapter 11). Eyes should be taped or padded to prevent
corneal abrasions (McCormick & Blackwood, 2001). Head positions may
need to be changed more frequently than whole-body positions: MacDonald
and Armstrong (2000) Harcombe (2004) recommend changing head position
2-3 hourly. Baktoft (2001) and Harcombe (2004) recommend repositioning
limbs every two hours. Facial, periorbital and conjunctival oedema frequency
collect (Breiburg et al., 2000), but resolve once supine (Baktoft, 2001).

Ideally, resuscitation should be performed supine. As reversing the patient’s
position safely may cause a delay, compressions can be initiated in prone posi-
tion. Once sufficient staff have gathered to safely turn the patient, prone
positioning can then be reversed. Fortunately arrests in the prone position
are very rare (MacDonald & Armstrong, 2000).

Kinetic therapy can mobilise bronchial secretions (Welch, 2002), reduce
extravascular lung water (Bein et al., 2000) and ventilator-associated
pneumonia (Kennedy, 2004). Kinetic therapy needs to tilt at least 40°
(Kennedy, 2004; Rance, 2005), and maybe 80-90° (McLean, 2001), for
18 hours/day (McLean, 2001; Kennedy, 2004). Problems of kinetic therapy
include

tachycardia
hypotension
desaturation
diarrhoea
discomfort and severe anxiety, necessitating sedation
claustrophobia
accommodating very large (in height or weight) patients
wound dehiscence
need for heavy sedation to tolerate the movement
transportation (e.g. scanning).
(McLean, 2001; Welch, 2002; Kennedy, 2004)



Reducing pulmonary hyperiension

Intra-alveolar damage increases pulmonary vascular resistance, causing
pulmonary hypertension. Systemic vasodilators, such as glyceryl trinitrate
(GTN) may cause problematic hypotension, but nebulised prostacyclin, such
as epoprostenol or phosphodiesterase inhibitors (Sildenafil), dilate pulmonary
vessels without significant systemic hypotension. However, coagulopathies
and frequent complicating ARDS may be aggravated by prostacyclin.

Shortage of both donor organs and centres performing lung transplants,
and the rapid progression of ARDS, prevents lung transplantation from being
a viable option.

Inflammatory response

Limiting inflammatory responses should limit progression of the pathology.
Steroids inhibit complement-induced leucocyte aggregation and reduce capil-
lary permeability, so may reduce lung injury (Meduri et al., 1998), but most
studies fail to show any benefit from steroids (Artigas et al., 1998; Brower
etal.,2001). Antioxidants (e.g. glutathione, selenium) may (Brandstetter et al.,
1997), or may not (Brower et al., 2001) be useful. Ketoconazole has been used
to inhibit thromboxane.

Fluid management in ARDS necessitates balancing problems from pulmonary
oedema against perfusion needs. Increased pulmonary permeability and pul-
monary hypertension create excessive interstitial fluid (oedema); plasma albu-
min displaced into tissues creates an osmotic pull, accentuating tissue oedema
and hypovolaemia. Fluid management therefore becomes a delicate balance of
providing adequate total body hydration and intravascular volume for perfu-
sion without increasing oedema. Myocardial dysfunction frequently occurs,
compounding pulmonary (and systemic) hypovolaemia, so central venous
pressure (see Chapter 20) becomes an inaccurate guide to ventricular filling.
Measuring extravascular lung water (EVLW — see Chapter 20) has refined
fluid management.

Intravascular volume being the likely main priority and colloids with long
half-lifes (see Chapter 34) increase colloid osmotic pressure, improving perfu-
sion and potentially reducing oedema. Early nutrition provides protein for
endogenous albumin production, minimises muscle wasting and promotes
immunity. Once commenced, nutrition should be adequate to meet metabolic
needs (see Chapter 9).

Psychological support

Recovery being prolonged, patients with ARDS may remain in ICU for weeks,
exposing patients and family to prolonged anxiety and stress which may
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exhaust their coping mechanisms. Nurses can valuably offer care and support:

B accommodation and facilities

B enabling visiting whenever possible without causing sensory overload to
patients or guilt to relatives

B being approachable and available.

Prolonged stays can enable close rapport between families and staff, but can
become stressful for both; both bedside nurses and nurse managers need to
recognise distress. Families may seek hope where little exists, placing excessive
trust/reliance/expectations on individual members of staff. As well as being a
symptom of denial, this can be particularly stressful for staff.

One year after discharge most patients still suffer some residual cognitive
impairment (Hopkins et al., 1999), so patients and families should be warned
about this.

Right ventricular workload will be increased by both pathology and
treatments. Cardiac management is a careful balance, attempting to meet sys-
temic oxygen demand without causing excessive cardiac workloads. Inotropes
may be used to increase cardiac output, with vasodilators to reduce afterload
(thereby increasing perfusion).

Implications for practice

B Ventilation is a delicate balance between optimising oxygenation and
preventing further damage; nursing observations provide important
information to guide medical management.

B Prone position remains controversial, and can neither be completely
recommended nor rejected, but if used, should be commenced early
(during the oedematous stage of ARDS).

B Flow monitoring, especially EVLW, may be needed to guide fluid
management.

B Fluid management should optimise perfusion while avoiding fluid over-
load; colloids, especially those exerting high colloid osmotic pressure, are
especially useful.

B Early and continuing nutrition promotes early recovery.

B Prolonged stay and poor prognosis place psychological stressors on
relatives and staff; these stressors should be acknowledged; interventions
should support everyone through an especially stressful time.

Summary
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ARDS is the pulmonary manifestation of inflammatory responses. Like SIRS,
it is largely a creation of the ICU’s success. It causes many ICU admissions, and



complicates progress of many more. Mortality remains high, and although
some medical developments appear promising, panaceas remain elusive. The
mainstay of treatment is system support. Prolonged ICU stay can place families,
friends and nursing staff under considerable stress.

Further reading

Much has been written on ARDS, mainly in medical journals. Evans et al.
(2002) is a comprehensive and authoritative monograph on ARDS. Brower
et al. (2001) provides a recent overview, as will most current textbooks.
Artigas et al. (1998) identify controversies and areas for future research. Acute
Respiratory Distress Syndrome Network (2000) discusses optimal ventilation.
Breiburg et al. (2000) and Harcombe (2004) provide comprehensive reviews
of prone positioning. Kennedy’s (2004) research with kinetic therapy provides
useful insights. www.routledge.com/textbooks/0415373239

For clinical scenarios, clinical questions and the answers to them go to the
support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Ann O’Reilly, a 45-year-old mother of six children who weighs 104 kg
was admitted to hospital for elective ligation of fallopian tubes using
fiberoptic surgery. Initially Mrs O’Reilly was making a good recovery on
the ward, but on the fourth postoperative day she presented with severe
shortness of breath, fever and abdominal pains. Investigations revealed
perforated bowel. Ann became septic, developed ARDS and was
transferred to the ICU for invasive ventilation and organ support.

In the ICU, pressure-controlled inverse ratio ventilation was commenced:
PEEP 10 cmH,0O

Pressure control 30 cmH,O

FiO, of 0.8 (80% inspired oxygen)

Rate 16 per minute

Tidal volumes 600 ml

LE ratio of 2:1

Arterial blood gases on these settings were:

pH 7.25

PaO, 6.53 kPa
PaCO, 8.47 kPa
HCOj3 16 mmol/litre

Base excess —5.8 mmol/litre

Q.1 List the physiological processes, investigations and signs which led
to Ann being diagnosed with ARDS.

295



RESPIRATORY

Q.2 It is decided to place Ann in the prone position in an effort to
improve her alveolar gas exchange. Analyse the rationale under-
pinning this approach and resources required to implement this in
your own clinical area.

Q.3 Ann’s gas exchange improves, allowing reduction in FiO, to 0.6
(60%). Appraise potential adverse effects of prone positioning with
Ann and propose nursing strategies to minimise or prevent occur-
rence (e.g. abdominal wound healing, pressure areas, breast, eye,
mouth care and psychological effect on Ann and her family).
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Sophisticated technology and treatments can now cure many diseases that
were, until fairly recently, fatal. But emergence of new or mutated micro-
organisms has challenged medical and ethical boundaries while attracting
extensive, and often disproportionate, media attention. This chapter discusses
two micro-organisms that have caused epidemics of severe community-
acquired pneumonia in recent years: severe acute respiratory syndrome (SARS)
and Legionnaire’s disease.

Severe pneumonia usually necessitates intubation and artificial ventilation.
Further management focuses largely on

1 identifying and treating micro-organisms
2 prevent further spread
3 supporting other failing systems.

However, diseases such as SARS and Legionnaire’s often cause disproportionate
fears among patients (if conscious), relatives and staff. This chapter is intended
to help readers provide information to others.

Public fear of SARS has raised media reports and discussion of other prob-
lem ‘new’ infections, including avian influenza virus. Recent history suggests
that further problem infections from cross-species and genetic mutations,
especially viral, are likely to develop and spread rapidly. Experience from
SARS suggests that any epidemic may necessitate sudden expansion of
ICU facilities, supported by integrated communication of all services through
a ‘virtual war room’ (Booth & Stewart, 2005), with information and support
being provided to staff as well as visitors (Tolomiczenko et al., 2005).

Severe acute respiratory syndrome

SARS is caused by a new virus of the coronaviridae family (SARS-CoV).
Infection was first reported in China in November 2002, spreading so rapidly
that by March 2003 the World Health Organisation issued a global alert. The
main outbreaks occurred in Hong Kong and Canada, although by June 2003,
infection had spread to 30 countries, infecting 8241 and killing 784 people
(Fowler et al., 2003).

Infection
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Infection appears to be caused by close contact, especially through droplet
spread (Ramsay & Gomersall, 2003), although other suspected possible
means include water, clothing, hands, contaminated food and excreta (Zhong
& Zeng, 2003).

The virus usually incubates in 2-7 days (Manocha et al., 2003), but can
take up to two weeks (Lapinsky & Granton, 2004), causing epithelial and
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macrophages proliferation in the lungs (Nicholls et al., 2003), and initiating a
cytokine cascade. Extent of cytokine response determines severity of the disease
(Nicholls et al., 2003). Infection in children is relatively mild (Hon et al.,
2003), but older people are more often infected and more likely to die
(Hon et al., 2003).

Sympfoms

Initial symptoms are usually those of infective pyrexia, including chills and
rigors (Ramsay & Gomersall, 2003). Within 24 hours temperature usually
exceeds 38°C (Tsang & Lam, 2003).

Respiratory symptoms usually follow within 3-7 days (Tsang & Lam,
2003), including shortness of breath (Ramsay & Gomersall, 2003), and usu-
ally a non-productive cough (Tsang & Lam, 2003). Upper airway symptoms
(rhinnorhoea, nasal obstruction, sneezing, sore throat, hoarseness) rarely
occur (Tsang & Lam, 2003).

Other reported symptoms include malaise and diarrhoea (Peiris et al., 2003;
Ramsay & Gomersall, 2003).

About one-quarter of cases progress to severe respiratory failure (Fowler
et al., 2003; Lew et al., 2003). Of these, half will need invasive ventilation
(Ramsay & Gomersall, 2003), about half of whom are currently likely to die
(Ramsay & Gomersall, 2003), although future medical progress might reduce
mortality.

Diagnosis

Chest X-ray typically shows unilateral and (mainly) peripheral consolidation
(Lee et al., 2003), with patchy infiltrates progressing from basal regions to
much of the lungs (Ramsay & Gomersall, 2003). Pneumonia is visible on
X-ray in 7-10 days and most patients develop lymphopaenia (CDC, 2002).
Computerised tomography (CT) of lungs shows ‘ground glass’ appearance,
with patchy peripheral consolidation (Ramsay & Gomersall, 2003). Blood
creatine kinase (CK) and lactate dehydrogenase (LDH) are raised (Ramsay &
Gomersall, 2003), although few UK hospitals have facilities for testing LDH.
White cell count (WCC) and platelets may be low or normal (Ramsay &
Gomersall, 2003). Specimens for antibody SARS-CoV tests include:

B nasal and throat swabs
B sputum

B blood

B stools (minimum 10 ml).

Specimens should also be tested for the respiratory pathogens influenza A and

B and respiratory syncytial virus. Pleural effusions rarely occur (Ramsay &
Gomersall, 2003).
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Prevention

Rapid spread of an initially unidentified infection exposed people to infection,
especially close contacts of the original families (Manocha ez al., 2003), people
in the hospital (Booth ez al., 2003) and healthcare workers (Manocha et al.,
2003; Lapinsky & Granton, 2004), necessitating emphasis on protecting those
in contact with patients.

As SARS is spread through droplets, risk of spread is increased with coughing
and sputum clearance, so nebulisers, high-flow/venturi (fixed performance)
oxygen masks, noninvasive ventilation, bronchoscopy and other high-risk pro-
cedures should be avoided if possible (Li et al., 2003; Manocha ez al., 2003;
Ramsay & Gomersall, 2003).

Other patients, staff and visitors should be protected by source isolation,
including:

B isolation rooms, preferable with negative pressure

B if patients are not intubated, staff and visitors should wear high-efficiency
masks, such as the N-95 respirator, to prevent air-droplet and airborne
acquisition (File & Tsang, 2005)

B contact precautions, including hat, long-sleeved fluid-repellent waterproof
double gown, gloves, hat and overshoes

B non-reusable goggles or face shield.

As soon as SARS, or any other highly contagious infection, is suspected,
patients should be transferred into source isolation precautions.

Infection control specialists should be actively involved, and can advise on
whether equipment is appropriate. With better knowledge of the disease,
future epidemics may be contained more effectively.

Treatment
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Drug regimes typically include

antibiotics to cover standard community-acquired pneumonia (Ramsay &
Gomersall, 2003)

ribavirin (Manocha et al., 2003; Ramsay & Gomersall, 2003)

steroids — 1 mg/kg/day prednisolone (Ramsay & Gomersall, 2003)
immunoglobulin (Ramsay & Gomersall, 2003)

convalescent serum from recovering patients (Ramsay & Gomersall,
2003).

Plasmapheresis may remove cytokines and other mediators (Ramsay &
Gomersall, 2003) (see Chapter 40).

Because SARS is such a new disease, future progress is likely to be initially
rapid and significant, so management and treatment of future outbreaks
may differ.
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Oufcome

Worldwide, one in 10 cases die (Manocha et al., 2003; Zhong & Zeng, 2003),
although mortality in the Canadian outbreaks was one in 20 (Booth et al.,
2003). However, ICU mortality was one in three (Manocha et al., 2003). Most
deaths occured among older people (Donnelly ef al., 2003; Ramsay &
Gomersall, 2003).

Although it is too early to know the long-term effects of SARS, follow-up
of patients has already identified psychological problems and avascular necrosis
of large joints (Chan & Ng, 2005).

Legionnaire’s disease

Legionella pneumopbhilia is usually a community-acquired infection that can
cause atypical pneumonia. Infection was first identified in 1976, among dele-
gates to the American Legion convention at a Philadelphia hotel, and has since
been responsible for sporadic outbreaks worldwide. Each year approximately
300 cases of Legionella infection are diagnosed in the UK (Harper, 2004),
causing about 3 per cent of UK hospital admissions for community-acquired
pneumonia (Lim et al., 2001), but it is one of the main causes of severe
community-acquired pneumonia necessitating ICU admission (the others being
Streptococcus pneuwmoniae, Haemophilus influenzae, and Gram-negative
enteric rods) (de Castro & Torres, 2003; Blasi, 2004).

Being a waterborne organism, many infections are caused through breath-
ing in aerosol droplets from water-cooling towers (Brown et al., 1999). Some
outbreaks outside the UK have been spread from hospital water supplies
(Stout & Yu, 2003). In the UK 15 per cent of infections occur within hospitals
(Harper, 2004). Being a weak pathogen, immunocompromised and older peo-
ple are at greatest risk (Gould, 2003), although it can infect previously healthy
people.

Atypical pneumonia means that lower respiratory tract infections do not
cause lobar consolidation (Hindiyeh & Carroll, 2000). If atypical pneumonia
is identified, proximity to infected water, or foreign travel could indicate
Legionella infection. Most centres can test urine for Legionella, and blood
cultures should be sent. Testing for Legionella should be specified, as few
laboratories otherwise test for it. Empiric antibiotics should be commenced —
erythromycin or (increasingly) azithromycin are usually used, but clarithromycin
cefuroxime, rifampicin, co-trimoxazole, tetracycline, or doxycycline are also
useful, especially in combination.

Severe pneumonia often causes sepsis, SIRS and multi-system failure, so
following identification and antibiotic therapy, treatment focuses on system sup-
port, especially artificial ventilation. Microbiology services should be urgently
involved, both for advice and to report and follow-up contacts. Overall mortal-
ity from Legionella ranges between 10-15 per cent (Gould, 2003), but due to
increased severity of both infection and complication, one-third of patients with
Legionella admitted to the ICU will die (Gacouin et al., 2002).
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Risks of spread through hospital water supplies have encouraged development
of products such as disposable shower heads and water filters.

B Respiratory infections are usually spread by droplet infection.

B Preventing spread of any infection is important, but where knowledge of
how to cure micro-organisms, such as the SARS coronavirus, is limited,
isolation to protect others is usually necessary, preferably in rooms with
negative airflow systems.

B Staff exposed to SARS Co-V patients should have disposable protective
equipment against droplet and contact infection (gloves, dust mist partic-
ulate, masks, goggles, long-sleeved water-repellent double gowns, hat and
overshoes).

B With SARS Co-V, open respiratory treatments, such as noninvasive
ventilation, nebulisers, or high-flow oxygen masks should, where possible,
be avoided.

B Patients with atypical pneumonia needing ICU admission should have
urine tested for Legionella and pneumococcal urinary antigen; request
forms should specifically state these tests, as they are not routinely tested
by most laboratories.

B Hospital water supplies can spread Legionella infection, so Estates
Departments should be contacted if there is any concern.

B Risk of transmission to staff is high, so Infection Control and
Occupational Health departments should be involved to provide advice
and monitoring.

Summary
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Legionnaire’s disease and SARS are two recent, and often fatal, respiratory
infections that appear to disproportionately affect older and immunocompro-
mised people. Initial limited knowledge of how to treat SARS Co-V, together
with public fear, encouraged emphasis on the containing spread. While contain-
ment is important for any potentially fatal respiratory infection, history of
treating AIDS victims suggests that progress in medical knowledge and treat-
ment will enable more proactive, patient-centred approaches in future. Many
of the current approaches to SARS described in this chapter may be super-
seded in the fairly near future. However, like the HIV virus, possible viral
mutation also makes the continuing effectiveness of current, or future, treatments
unpredictable.

Legionella is a relatively rare cause of community acquired pneumonia, but
is one of the four most frequent community-acquired pneumonias necessitating
ICU admission.



The Canadian and Hong Kong SARS outbreaks prompted many medical case
reports and reviews, including Booth ez al. (2003), Fowler et al. (2003),
Manocha ez al. (2003), Nicholls ez al. (2003), Tsang and Lam (2003) and
Zhong and Zeng (2003). Few nursing articles have appeared on SARS,
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Further reading

Marthaler et al. (2003) being one of the few.

Stout and Yu (1997) is a thorough medical review of Legionnaire’s disease,
while Gould (2003) offers nursing perspectives. www.routledge.com/textbooks/

0415373239

For clinical scenarios, clinical questions and the answers to them go to the

support website at www.routledge.com/textbooks/0415373239

Clinical scenarios

Mr Bishop is a 43-year-old gentleman who works as an air conditioner
maintenance engineer. He recently returned from a month-long holiday
abroad and has since developed a fever and respiratory infection. He was
admitted to the ICU for respiratory support with a diagnosis of atypical
pneumonia and Legionnella pneumophilia or SARS-CoV as the suspected
causative organism.

Q.1

Q.2

Q.3

Identify investigations, tests and other sources of information
which could confirm Mr Bishop’s diagnosis. State which specimens
should be collected, their frequency and type of test used to detect
suspected infection.

Mr Bishop needs to be transferred to a suitable unit equipped with
protective isolation rooms and correct ventilation air flow. Review
the resources and procedures required in order to contain causative
organism, avoid contamination of others, particularly health care
workers. Consider which corridors and lifts should be used and
how the route through the hospitals to and from the transfer ambu-
lance will be kept clear of people. Outline the decontamination
strategy for ambulance and transfer personnel.

Review national and local hospital guidance on managing a patient
who has suspected or confirmed SARS-CoV. Note the location and
geography of negative pressure isolation rooms with critical care
facilities, infection control policies for containment and screening
of SARS-CoV. Specify types of protection clothing, masks, educa-
tion and skills required for health care staff and visitors, reporting
outbreaks, cleaning regimes and decontamination strategies.

303



Chapter 29

Contents
Infroduction 305
ECMO 305
ECMO variants 306
High frequency ventilation 3006
High frequency oscillatory ventilation
[HFOV] 307
High frequency percussive ventilation 308
High frequency jet ventilation 308
Liquid ventilation 308
Hyperbaric oxygen 309
Implications for practice 310
Summary 311
Further reading 317
Clinical scenarios 311

Fundamental knowledge

Alveolar physiology, gas exchange and pulmonary function
Surfactant production and physiology
V/Q mismatch

304



ALTERNATIVE VENTILATION

Introduction

Conventional ventilators remain the mainstay of ICU respiratory support, but
there are some significantly different methods of ventilation which are
occasionally used, usually as ‘rescue therapies’ when disease (usually ARDS)
deteriorates despite optimal conventional ventilation. Modes discussed in this
chapter are

B extracorporeal membrane oxygenators (ECMO)

B extracorporeal carbon dioxide removal (ECCO,R)

B intravenous oxygenators (IVOX)

B high frequency ventilation (HFV), especially oscillatory (HFOV) and jet
(HEJV)

B liquid ventilation (perfluorocarbon — PFC)

B hyperbaric oxygenation

although availability is often confined to specialist units.
Alveolar recovery is optimised if

B inflated sufficiently to prevent further atelectasis
B movement is minimised (low tidal volumes, to minimise volutrauma)
B overdistension (high peak inflation pressures — barotrauma) is avoided.

Many modes discussed here achieve these aims, assisting alveolar recovery.

Some modes are neither new nor established. Evidence on these is often
sparse and dated, usually reflecting paediatric practice.

Most modes provide comparable oxygenation to conventional modes, but
may provide lung protection. Many achieve better carbon dioxide clearance
than conventional ventilation, so reducing respiratory drive. This may enable
reduction of sedatives, and so side-effects. Hypocapnia may cause respiratory
alkalosis (see Chapter 18).

Extracorporeal membrane oxygenation (ECMO), initially developed as
‘bypass’ for open-heart surgery (see Chapter 31), can replace or augment
conventional ventilation.

Neonatal survival with ECMO support remains consistently high — 88 per
cent (Bartlett ez al., 2000). Older children fare less well — 70 per cent (Bartlett
et al., 2000). Adults generally fare worst — 56 per cent, and lower with cardiac
failure (Bartlett ez al., 2000), although Hemmila et al. (2004) found ECMO
improved survival from ARDS.

Like haemofiltration, ECMO pumps blood extracorporeally through a
semipermeable membrane, usually at 70-120 ml/kg/minute (Caron & Berlandi,
1997). Circuits can be venoarterial (V-A) or venovenous (V-V). Venoarterial
circuits (usually from right jugular vein to right common carotid artery) expose
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ECMO

the patient to greater risk from fatal emboli, so are rarely used with adults.
Venovenous (usually right internal jugular vein to femoral vein) are usually used
for adults (Bartlett et al., 2000), but require adequate cardiac function, so venoar-
terial circuits may be used if patients have cardiac failure (Bartlett et al., 2000).
Conventional lung ventilation using low rate and volumes is usually main-
tained during ECMO to prevent atelectasis.
Complications of ECMO include

B respiratory alkalosis: supplementary carbon dioxide (e.g. carbogen — 5 per
cent carbon dioxide, 95 per cent oxygen) may be needed (Caron &
Berlandi, 1997)

B coagulopathies/DIC: circuits cause physical trauma to platelets (as with
haemofiltration), compounding problems from anticoagulants and under-
lying pathologies; platelet and erythrocyte damage is reduced with
transmembrane pressures below 300 mmHg (Caron & Berlandi, 1997)

B cost: from equipment, staff and extending life (or death) of very sick
patients. Firmin and Killer (1999) suggest that 80 per cent of patient
workload is from attending to circuits, compared to 20 per cent on
nursing care of patients.

variants

Extracorporeal Carbon Dioxide Removal (ECCO,R) uses modified ECMO with
low blood flow (20-30 per cent of cardiac output) to remove carbon dioxide.
Supplementary oxygen will be needed, but ECCO,R allows significant reduction
in mechanical ventilation (Conrad et al., 2001). ECCO,R and ECMO have
similar complications, although ECCO,R is less invasive.

Intravenous oxygenators (IVOX) resemble miniature ECMO membranes,
inserted percutaneously. Pure oxygen is passed through the fibres, which
provides supplementary (not complete) oxygenation. Carbon dioxide removal
is more efficient. IVOX shares most complications of ECMO. Additional
complications include

B internal placement which makes monitoring, adjustment and control more
difficult than ECMO

B thrombus formation

B oxygen toxicity: although not reported in literature, prolonged exposure
of endothelial cells to pure oxygen with IVOX presumably causes
the same complications as pure oxygen from conventional ventilation
(see Chapter 18).

High frequency ventilation
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High frequency ventilation (HFV) includes various infrequently used modes,
which have largely failed to establish a place in practice. Frequent but small
tidal volumes prevent alveoli closure, so may prevent ventilator-associated
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lung injury (Carney et al., 2005). High frequency jet ventilation (HFJV) and
high frequency oscillatory ventilation (HFOV) are used in some ICUs.
Complications of most high frequency modes include

B safety: chest wall movement and air entry are barely perceptible and spirom-
etry is impractical, and some ventilators have few alarms. Blood gas analysis
and pulse oximetry are among the few remaining means of monitoring

B variable tidal/minute volumes are difficult to measure (Krishnan & Brower,
2000)

B gas trapping/shunting

B peak intra-alveolar pressures are higher than measurable peak airway
pressure. Excessive pressure may impair perfusion, so increasing mean
airway pressure may exacerbate V/Q mismatch

B humidification: early problems have largely been overcome by pump-
controlled instillation of fluid (Pierce, 1995) and specialised humidifiers (e.g.
high temperature vaporizers (ACCP, 1993)). However, nurses should actively
assess effectiveness of humidification, reporting and recording problems.

B noise like CPAP, high frequency modes are usually noisy, provoking stress
responses, inhibiting sleep and contributing to sensory overload

B [imited evidence.

High frequency oscillatory ventilation (HFOV)

Adding oscillation (5-10 Hz) to modified CPAP circuits or near-conventional
ventilators achieves a form of high frequency ventilation that can significantly
reduce mortality from ARDS (Derak ef al., 2002; David et al., 2003).
Oscillation of alveolar air creates an active expiratory phase, reducing gas-
trapping and improving carbon dioxide clearance. Carbon dioxide clearance
can be increased either by increasing the power of the diaphragm or reducing
the frequency. CPAP recruits alveoli and improves oxygenation. Both CPAP
and fast respiratory rates (150-600 breaths each minute) keep alveoli open.

Usually a rescue therapy, FiO, is usually commenced at 1.0, with mean peak
airway pressure slightly above the patient’s previous setting (usually 3 cmH,0)
(Macintosh & Britto, 2000). As with other high frequency modes, tidal vol-
umes are small (10-15 ml), so only slight chest and abdominal wall movement
(‘wiggle’) is seen. Amplitude of oscillation (delta P, AP) is increased until this
movement reaches the groin or upper thighs (usual adult frequency 3-8 Hz).
Mean pressure and oxygen are titrated down as oxygenation allows. Carbon
dioxide removal can be increased by increasing amplitude, decreasing
frequency, or creating a cuff leak — usually 5-7 cmH,O (Higgins ez al., 20035).

Lungs should be auscultated, but low tidal volumes prevent clear air entry
sounds. ‘Wiggle’ should be monitored — change indicating altered lung com-
pliance or airway resistance. Suction causes alveolar deflation, and possible
atelectasis, so should only be performed if specifically indicated, and if possible
avoided completely for the first 12 hours. On chest X-rays at most eight pairs
of ribs should be visible; if more appear, lungs are overdistended.
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Neonatal use has demonstrated alveolar recruitment and maximisation of
alveolar lung volume (Bouchut et al., 2004). It may increase risk of intraven-
tricular haemorrhage (Keogh & Cordingley, 2002), although Bouchut et al.
(2004) found no difference in cardiac output, organ perfusion, central venous
pressure or cerebral perfusion between HFOV and conventional ventilation.

Fort et al’s (1997) preliminary study with ARDS patients found HFOV
achieved higher mean airway pressures (improved gas exchange) with lower
peak pressure (less barotrauma) and reduced (potentially toxic) oxygen levels
than conventional ventilators.

High frequency percussive ventilation

This mode delivers 200-900 pneumatic percussive beats/minute superimposed
on traditional large tidal volumes (Hynes-Gay & MacDonald, 2001) to
mobilise secretions (Velmahos ez al., 1999). Alternating traditional ventilation
between high frequency breaths releases pressure, and so limits complications
from breath stacking (Velmahos et al., 1999). To allow air to escape, the ETT
cuff is partially deflated (Velmahos et al., 1999).

High frequency jet ventilation

HFJV (or Set’) uses tidal volumes of 1-5 ml/kg — with most adults, approximately
the same volume as physiological deadspace. Small tidal volumes may reduce
lung injury, especially if patients have bronchopleural fistulae (Krishnan &
Brower, 2000). Rates of 100-300 are usually used (Keogh & Cordingley,
2002). HFJV can be delivered through minitracheostomy (Allison, 1994),
preventing many complications of intubation.

Carbon dioxide clearance is efficient. Pulmonary secretions are mobilised,
presumably due to constant chest wall ‘quivering’ resembling physiotherapy,
so increasing alveolar surface area and gas exchange. However, there is insuf-
ficient evidence of benefits for most units to justify costs of buying equipment
and training staff for the small number of patients who might benefit
(Krishnan & Brower, 2000).

Liquid ventilation
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Liquid ventilation with perfluorocarbon (PFC) is now being used in some adult
ICUs to treat ARDS. Perflurocarbons are very efficient oxygen carriers, dissolving
17 times more oxygen than water (Brower et al., 2001). Up to 50 ml of oxygen
can be dissolved in every 100 ml of perfluorocarbon (Greenough, 1996) (plasma
carries 3 ml per 100 ml). Unlike haemoglobin, perflurocarbons do not bind
oxygen; so more oxygen is delivered across the fluid-filled airways (Remy et al.,
1999). Carbon dioxide, which is more soluble than oxygen, is four times more
soluble in perfluorocarbon than in water (Greenough, 1996). Perfluorocarbon is
also anti-inflammatory, improving macrophage responses and creating fewer
oxygen free radicals (Lange et al., 2000; Haitsma & Lachmann, 2002).
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Partial liquid ventilation can be achieved using conventional ventilators,
although perfluorocarbon los