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Critical Care Nursing in Resource
Limited Environments

All hospitals have critically ill patients, and their management depends upon the
resources available. In many low income countries, critically ill patients may be admit-
ted to a critical care unit; however, many are nursed on wards due to a lack of critical
care beds or simply die before they reach the hospital.

This book provides guidance on the unique situations for nurses working in these
challenging environments, while considering ethical decision-making, providing appro-
priate services, and the types of patients admitted. Topics covered include:

e working in a resource limited environment;

e cultural awareness and international agendas;

e provision and access to healthcare services;

e ecthical considerations in the context of resource limited environments;

e  best practice and knowledge regarding rehabilitation, pain management, manag-
ing a major incident;

e relevant research concerning resource limited environments.

Critical Care Nursing in Resource Limited Environments prepares readers to consider
how best to utilise their skills and deliver safe patient care within a resource limited
context. Each easy-to-read chapter provides core knowledge and relevant research, as
well as useful ideas and solutions, with further reading sections to signpost readers to
key international resources. This text provides practical ideas for nurses working in
critical care and defence nursing, and acute areas in resource limited environments.
It can also be used to support educational courses and pre-deployment training for
nurses hoping to work in Global Health.

Chris Carter is a Major in Queen Alexandra’s Royal Army Nursing Corps, where he
has had roles as a practitioner and as an educator. He is currently a nurse lecturer at
the Defence School of Healthcare Education, Department of Healthcare Education,
Birmingham City University, UK. Major Carter chairs the Royal College of Nursing
Defence Nursing Forum.
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When James Orbinski collected the Nobel Peace Prize in 1999 he famously said, “We are
not sure that words can always save lives, but we know that silence can certainly kill’.
With few resources available to help prepare critical care nurses to work in resource
limited environments, it is hoped the words in this book will assist nurses deliver the
best standard of care, wherever they are in the world. This work has been inspired by
the many civilian and military critical care nurses and healthcare professionals who I
have had the opportunity to work alongside and meet. This book is dedicated to those
who work in resource limited environments.
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Introduction

Most of the world’s population lives in low-income countries and approximately
1 billion people will never have access to a trained healthcare professional (Lancet
Commission, 2016). In many countries, healthcare systems are fragile, with limited
workforce, financing and resources, yet in many of these countries critical care services
have developed over time. With limited additional professional support, nurses are
often the backbone of these services. They provide expert care not only to critically ill
patients and to their families within their critical care units but are often called upon
to support nurses and doctors on wards and emergency departments. Respected by
their peers and other professionals, just a small number of critical care nurses often
have a hospital-wide impact, and investment in them has shown to have a ripple effect
throughout the hospital (Towney & Ojara, 2008). However, critical care nurses and
services are often not recognised for the impact and potential impact they have.

There is now increasing recognition that surgery and critical care has been the
‘neglected stepchild of global health’ and with changing epidemiological trends, the
burden of non-communicable diseases and injuries, there is a need for critical care
(Meara & Greenberg, 2015; Dean, 2016; Lancet Commission, 2016). This provides
critical care nurses with opportunities and a responsibility to share knowledge with
peers in other countries and to be recognised for this contribution to improving the
health of communities.

When considering working in a resource limited environment, it must be recognised
the environment is different to what you know, and additional training and preparation
will be required. We work in high-tech environments and our education programmes
and clinical experiences are unlikely to prepare us for the situations or conditions you
are likely to see (Castledine, 2010). While there are several courses available, most do
not focus specifically on the nursing of a critically ill patient and gaining experience to
become confident and be of value is difficult. This book allows you, the experienced
nurse, to translate your skills and experiences into a different environment, but also
helps you recognise areas you may need to undertake further study or experience in.
Each section focuses on a specific area of critical care nursing, and can be used as a
resource in practice, as it provides useful references and suggestions that may help you
when faced with a situation or disease you are not familiar with. In conjunction with
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short courses, reflection and discussion with experienced nurses this resource will be a
valuable guide in preparing to provide critical care in resource limited environments.
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Global health and
United Nations
Sustainable
Development
Goals

Global health is a relatively new ‘buzz’ phrase in the international community and
means different things to different people and organisations (Webb & Giles-Vernick,
2013). Global health is defined as the ‘sharing of knowledge, resources and experi-
ence across cultures, societies, and international boarders’ (Merry, 2012). The origins
of global health are complex and unique to each country. When choosing to work
internationally, taking time to understand the history of the provision and response to
health will give you a greater understanding of how healthcare is provided and used,
and the view towards international health agendas.

To improve the health of individuals and populations, global health focuses on
partnerships and it is important that the next generation of healthcare workers under-
stands the ‘worlds in which their projects would operate’ (Webb & Giles-Vernick,
2013 p. 1). Countries may have been affected by wars, colonialism, the transition to
independence, geopolitics, the Cold War and epidemics including HIV and Ebola. In
consequence, global health principles have been applied in response to these, and there
is no one solution which can be applied to every country. In this chapter, we explore
how decisions made in the past have contributed to our current thinking and interna-
tional response to global health (Webb & Giles-Vernick, 2013).

The impact of colonialism

The history of tropical medicine is based on colonialism, when Europeans found their
own experiences and knowledge was limited with dealing with many infectious dis-
eases seen in the tropics (Webb & Giles-Vernick, 2013). This lead to the investment
of resources to understand and control major diseases and the establishment of many
schools and institutes in European countries.

In many low resource settings, the need to provide healthcare resulted in nurse
education and healthcare systems being modelled on their colonial leaders’ (Taylor,
2017). During the transition from colonialism to independence countries faced the
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challenge of how to upscale healthcare services which were designed for the colonial
elite (WHO, 2018b). Today, many of these challenges continue with most healthcare
facilities based in cities but most of the population living in rural communities. Primary
healthcare attracted significant funding and development which has resulted in pos-
itive changes; however, many secondary care services did not develop concurrently,
resulting in the varied provision of a range of healthcare services including critical care.

Policy

The World Health Organization was formed in 1948 with a primary role to direct
and co-ordinate international health within the United Nations (UN) system (WHO,
2018b). A range of initiatives to combat disease have been tried by a variety of organ-
isations and failed (WHO, 2018a). These activities tended to be disease-specific
programmes, which allowed for donors not to get involved in political and economic
priorities and provided technical solutions to provide results quickly (Webb & Giles-
Vernick, 2013). The response to these failings resulted in countries requesting that the
WHO take a greater role in co-ordinating a collaborative response. In recent years,
there has been an explosion in the number of philanthropic and non-governmental
organisations (NGOs), each with a different focus and view on global health, which
at times has resulted in overlapping and a fragmenting of healthcare (WHO, 2018c).

Cold War and geo-politics

Between 1949 and 1956, the Soviet Union and other communist countries withdrew
from the UN and WHO, resulting in a greater American influence globally (Webb &
Giles-Vernick, 2013). The ideological war between the East and West was played out
in many low-income countries (WHO, 2018a). At the height of the Cold War it was
acknowledged that many of the grants and loans would not achieve their desired goals,
yet the funds continued to secure political allegiances. The long-standing effect of epi-
demics, political instability and ethnic conflicts have driven out foreign investment and
prevented new areas of development in many countries (Little & Green, 2009).

The end of the Cold War marked a change in the provision of aid to low-income
countries, with a greater focus on independence. In the 1980s, the HIV epidemic
became a real threat for the world and governments became increasingly concerned
about the impact. The USA acknowledged the HIV pandemic as a geo-political threat
that could destabilise African states by impacting on their economies. This fear became
a driver for an international response to HIV and attracted significant donor funding.

Views of healthcare workers

A lack of transparency in healthcare delivery can influence the views of healthcare
workers and those accessing healthcare. For example, in Egypt, the largest iatrogenic
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transmission of blood-borne pathogens resulting in a significant increase in hepatitis
C and hepatitis B cases was due to the re-use of needles during a mass immunisation
programme. The subsequent lack of acknowledgement by the government resulted in
a significant proportion of the public not trusting the healthcare system or healthcare
workers (Moulin, 2013).

In many countries, doctors may be shielded from patients’ views and concerns
behind scientific expertise, jargon and technology. Doctors may be expatriates and
tend to be held in high esteem, with prestige, resulting in some patients being unwill-
ing to challenge them (Moulin, 2013; Livingston, 2012). In contrast, nurses tend to be
local nationals, who cannot hide behind jargon and may not have the status in their
communities enjoyed by medics. Nursing is also more accessible, visible and public,
meaning evaluation of nursing care is an easier target for those dissatisfied with health-
care (Livingston, 2012). This can result in nurses being blamed and becoming easy
targets for deficiencies in the healthcare system.

Access to healthcare workers and outbreaks

Often both doctors and nurses struggle to provide services within very fragile health-
care systems which can become overwhelmed. Prior to the Ebola outbreak in Sierra
Leone in 2014, there were just 70 surgeons and 68 nurse specialists providing care to
5.8 million people through 23 public hospitals (Brown et al., 2015). Following the
outbreak, the number of healthcare workers reduced, because they fled, died or could
not come to work as they were afraid or looking after relatives. While the immediate
outbreak was contained and managed, the long-term recovery from this disaster will
take years, due to the loss and void left by experienced healthcare workers (Holmer
et al., 2015). In addition, globally there is a shortage of healthcare workers; the
WHO estimate there could be a shortage of 12.9 million healthcare workers by
2035 (WHO, 2013). With nurses forming the largest part of the healthcare workforce
in many countries, the shortfall in nurses will have a significant impact on how uni-
versal access to health coverage (UHC) and the SDGs will be achieved (International
Perspectives, 2016). In consequence, the demand for healthcare services will continue
to increase and with fewer ‘trained’ healthcare professionals, global health agendas
need to be realistic with the current and future workforce and resources available.

Global health today

Today, the world is better connected and recent epidemics including Ebola, Middle
East respiratory syndrome coronavirus, severe acute respiratory syndrome (SARS) and
Zika virus have demonstrated that national healthcare systems, governments and inter-
national organisations need to work collaboratively to respond to global health issues.
Until the Millennium Development Goals (MDGs), healthcare campaigns tended to
be isolated, and not connected or linked to other areas of development, for exam-
ple reducing gender inequality or recognising the true value of global partnerships.
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The MDG marked a historic 15-year approach of ‘global mobilisation’ to achieve a set
of social priorities worldwide (Sachs, 2016). The acceptance, international adoption
of and commitment to a set of moral and practical, non-legally binding principles was
rare and demonstrated an international commitment to change (Sachs, 2016). Critics
felt there needed to be a wider focus as the MDGs only focused on LICs and LMICs
and the role of HIC was to provide support, financial and technological assistance.
This was felt to be one sided and there was no recognition of factors which affect
healthcare globally, for example over half of the 1 billion people affected by poverty
now live in middle-income countries and these countries have the financial and tech-
nological ability to address poverty (Sachs, 2016).

Building on the successes and responding to lessons learnt from the MDGs, the UN
replaced this programme with the Sustainable Development Goals (SDG) (Figure 2.1)
in 2015. The SDGs outlined 17 new ambitious goals and 156 associated targets, which
were far more wide-reaching and took account of the inter-dependency between health,
financial security, education and environmental damage. In addition, the SDGs are rele-
vant to all countries regardless of status. Agreed by 193 world leaders and, if achieved,
it is hoped by 2030 there would be an end to extreme poverty, inequality and climate
change (Bradbury-Jones & Clark, 2017). Described as ‘easy to understand, ambitious
and achievable’, the SDGs have had to compromise to make them easy to communicate
(Brende & Hoie, 2015). Waage et al. (2015) outlined that the SDGs have three layers,
reflecting their impact on an individual’s well-being, infrastructure and environment.
Health-related goals have been identified as forming part of people’s overall well-being.
Concerns regarding health have been voiced, as three MDG health goals were merged
into one SDG under one defining goal. This has been referred to as a ‘shopping list’
and opponents are concerned one goal with many standards will not be seen as a pri-
ority (Brende & Hoie, 2015). Buse and Hawkes (2015) suggested the move to the SDG
requires a significant paradigm shift with a need for leadership across sectors (health,
legal, social, political and economic), with a change in focus from treatment to preven-
tion, civic engagement and social accountability and responsibility for health.

The nursing profession was felt to be slow to respond to the opportunities offered
by the MDG and this was deemed to be a potential missed opportunity to showcase
the unique roles nurses play in promoting health, and preventing disease and disability
(Benton & Shaffer, 2016). Nurses are the backbone of healthcare services globally and
play a vital role in meeting many of the SDGs and it is recognised that universal access
to healthcare will be won or lost by nurses (All-Party Parliamentary Group on Global
Health, 2016). In 2017, the International Council of Nurses launched a campaign,
‘Nurses: A voice to lead — Achieving the Sustainable Development Goals’. The aim of
this campaign is to raise awareness amongst the nurses, the public and policy makers
to what the SDGs are and why they matter. Recognising the evidence on the vital role
nurses play in healthcare, the Nursing Now campaign was launched by the WHO and
ICN (Nursing Now, 2018) to raise the status and profile of nursing and respond to the
changing healthcare challenges we will all face.

For nurses choosing to work internationally, the opportunity to inform, shape and
develop the future through capacity building partnerships is vast. However, it should
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be recognised that the opportunity is not solely limited to this type of work; opportuni-
ties must include sharing experiences through professional publications, research and
education roles (Sachs, 2016; Benton & Ferguson, 2016). This will have the long-term
impact on peers, policy makers and the public, to demonstrate the unique contribution
nurses make in meeting the SDGs and patient care.

This book focuses on critical care conditions; and critical care services needs to fit
within the wider healthcare system. When choosing to work in a particular country,
understanding the healthcare infrastructure will help prepare you to understand how
nurses and other healthcare workers are employed and services provided. Areas you
may want to research include the following;:

What has the World Bank classified the country as?

What is life expectancy?

How did the country meet the MDG/SDGs relating to health?

Review the WHO Health Systems Framework (2017a) and consider the following:

o  How much of the country’s GDP is allocated on healthcare?

o How is healthcare delivered and funded (consider primary healthcare, chronic
disease management and rehabilitation)?

o Whether nurses and midwives are registered?
How are nurses regulated?
What strategic leadership roles do nurses undertake? Is there a chief nursing
officer?
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e Look at the WHO country profile for life expectancy, communicable and non-
communicable diseases and other metrics including maternal and child health.

e What is the culture, national religion?

e Do nurses have a Code of Conduct to follow in practice? Are there any other
guidelines available, e.g. standards for medicines management, continuing profes-
sional development?

e  What is the educational standard of nurses during pre-registration and at post-
registration?

e  How many nurses, midwives, doctors are there for the population?

Exploring these concepts before you travel will provide a useful background to the
wider delivery of healthcare in the country you are choosing to work in and how well
information and data are collected and shared.

In summary, each country and region will have their own healthcare priorities;
healthcare can no longer be seen in isolation, and the WHO (WHO 2017b) has called
for health to feature in all policies. The SDGs provide an opportunity to ‘reimagine
global health’ and to re-position health centrally on the wider national and interna-
tional agenda (Buse & Hawkes, 2015).

Understanding the country’s history, how healthcare has been developed and deliv-
ered and the views of the public towards healthcare workers will help provide context
and a deeper understanding of the potential challenges you may face. This will help
prepare you for your role, and no matter how small you may consider your contri-
bution when working internationally, you are going to play a vital role in helping the
country and healthcare system to meet their national and international goals.
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Surgical care

In 1980, the Director-General of the World Health Organization identified surgery
as an essential part of primary healthcare and challenged the global community to
address the inequalities in surgical care (Mahler, 1980). This was largely ignored and
for the next 30 years surgical care remained the neglected stepchild in healthcare. Only
recently has the international community acknowledged the need to provide universal
access to safe surgery (Ng-Kamstra ef al., 2016; Akenroye et al., 2013).

Today, the provision of safe surgical care is variable, with an estimated 4.8 billion of
the world’s population not having access to surgery and ongoing surgical care (Alkire
et al., 2015). Within low resource settings often preventable and treatable surgical
conditions such as fractures, appendicitis, strangulated hernia or childbirth result in
permanent disability or death. Those that make it to a surgical facility are still not safe
due to a lack of staff, and those available may not be appropriately trained or have the
resources to treat them safely. For the first time in history, people are more likely to
die from a surgically treatable condition rather than an infectious disease, representing
a global crisis (Lifebox, 2018). However, many of the specialities involved in surgical
care are underdeveloped and under-resourced, and with most resources focusing on
the immediate intraoperative period (Kinnear et al., 2013), with variations in care
during the pre-, post-operative and rehabilitation periods. The following case studies
demonstrate the complexities in providing universal access to surgical care.

Case study 1: Accessing surgical care

Ugboma et al. (2014) describe the care of a 35-year-old female trader who had a
6-day journey involving local remedies, a private clinic consultation, and travelling to
a public hospital before receiving surgical care for a ruptured ectopic pregnancy. The
patient initially sought treatment from a traditional healer. As her condition continued
to deteriorate the generalised symptoms of early gestation, including malaise, weak-
ness, nausea and vomiting, made it difficult to diagnose an ectopic pregnancy. When
she developed a low-grade pyrexia caused by blood in the pelvis, these symptoms were
attributed to malaria. She then passed dark-coloured loose stool suggesting an upper
gastro-intestinal bleed, further making diagnosis difficult.
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Delays in performing confirmatory investigations were cited due to the patient having
to pay for them and she had limited health insurance. In addition, an incomplete history
and examination resulted in a delay in diagnosing an ectopic pregnancy. There was then
a delay before surgery could be performed due to limited resources and unavailability of
the surgical team. The challenges raised in this scenario are complex and touch on cul-
tural issues towards traditional versus Western medical approaches, access to emergency
healthcare services, training of healthcare workers and the provision of surgical care.

Case study 2: ‘You can’t fix it without data’
(Weiser et al., 2015)

A retrospective cohort study of perioperative deaths of surgery within a tertiary refer-
ral hospital (Lillie et al., 2015), found the surgical pathway within the hospital had
several areas of vulnerability, including:

e a delay in booking operating theatres, resulting in a delay in surgery and a lack of
blood for transfusion;

e communication breakdown, including a failure to consult cases with senior colleagues;

e failure to recognise and respond to the deteriorating patient;

e few intensive care beds, limited equipment and resources, coupled with no dedicated
intensive care physicians, which lead to delays in escalating care;

e suboptimal nursing care on the ward due to few staff.

Lillie et al. (2015) compared their data with a previous study published in 1987
(Heywood et al., 1989) and concluded they were unable to show a decrease in the total
perioperative mortality rate. Lillie et al. (2015) cited limitations in the study including
gathering standardised data, inconsistencies in record-keeping and a lack of reliability
with records, for example records were missing or nurses told auditors of patients who
had died but who were not listed in mortuary records.

This case study highlights the realities of surgical care within a hospital and the
challenges in collecting perioperative statistics. Weiser et al. (2015) commented that
the lack of data potentially demonstrates the lack of interest amongst Ministries of
Health and international bodies to encourage comprehensive data collection. In con-
sequence, without data to identify the need and measure the impact of interventions,
the allocation of resources and funding will remain sporadic and not focused to areas
where they are most needed.

Case study 3: Surgical workload in critical care

Studies have shown most reasons for admission to critical care are due to surgery,
demonstrating the high burden of surgical disease in LICs or LMICs (Towney &
Ojara, 2008; Tomlinson et al., 2013). Tomlinson et al. (2013) found most patients
admitted to a tertiary referral hospital in Malawi were due to trauma (58.3%), surgery
(39.3%) and obstetrics/gynaecology (32.9%). Mortality was highest amongst patients
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who sustained a head injury (57.1%). Similar findings were obtained in a regional
referral hospital in Uganda. Ttendo et al. (2016) found 49.3% of admissions were
due to surgery, obstetrics/gynaecology (22.3%) and medical/paediatric (27.4%). The
authors further identified most patients were young (median age 22 years), which
reflected the younger population with a lower life expectancy than seen in HIC. In
addition, Ttendo et al. noted due to limited access to rural healthcare, this resulted in
many patients being admitted with advanced stages of diseases, and the majority of
patients died within the first 23 hours of admission (46.9%). These papers demon-
strate the difference in case mix, ages and outcomes of patients admitted to critical care
units in low-income countries compared to HICs.

Case study 4: Stoma care in LICs or LMICs

The formation of a stoma involves complex surgery and is often undertaken in tertiary
centres. Following surgery individuals are often unable to afford disposable commer-
cial stoma products (Buckley et al., 2012). Many individuals improvise ostomy devices
and use pieces of plastic or jar lids to secure plastic food bags or gloves in place over
the stoma, then elastic garters, leather, cloth are wrapped around the body to hold the
stoma bag in place. While many of these are noted to be effective, the prevalence of
skin excoriation is significant (Razon-Gonzalez, 2011). Once discharged from hospital
the ongoing care for these patients will likely be provided by primary healthcare nurses
and doctors who may be unfamiliar with stoma care. With limited access to specialist
knowledge and support groups this leads to isolation. This scenario demonstrates the
need for the whole surgical care pathway to be understood, including the long-term
consequences of a surgical intervention.

There remains little information available on adults and children requiring impro-
vised ostomy devices and evidence tends to focus on the surgical intervention. As
outlined in case study 1, the surgical pathway for both acute and emergency surgery is
complex and not only the domain of the hospital setting. Healthcare workers at every
stage of the patient journey, from referral to ongoing care, need to have access to cur-
rent information and resources. However, deciding what is a priority when there are so
many competing priorities within an already limited environment is a significant issue
for policy planners and governments.

Lancet Commission on Safe Surgery

Recognising the inequalities in access to surgical care globally, the Global Safe Surgery
Campaign was launched in January 2014. The findings of a worldwide review of sur-
gical and anaesthetic care in low-income and low-middle-income countries outlined
a vision for ‘universal access to safe, affordable surgical and anaesthetic care when
needed’ (Global Safe Surgery, 2018). The campaign recognised that for over 20 years,
global health had focused on individual disease and the scale-up of hospital services
including surgery had been neglected. The campaign has set goals to be achieved by
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2030 and requires donors, governments and healthcare workers to work towards the
recommendations (Global Safe Surgery, 2018):

e Access to timely essential surgery;

o Minimum 80% coverage of essential surgical and anaesthetic services per
country;

e  Specialist surgical workforce;

o  100% of countries with at least 20 surgeons, anaesthetists, obstetricians per
100,000 population;

e Surgical workforce;

o In stages, develop tracking of surgical volume:

o 80% of countries by 2020;
o 100% of countries by 2030. With the aim of a minimum of 5000 procedures
per 100,000;

e Perioperative mortality rate (PMOR);

o In stages, identify PMOR:

o 80% of countries by 20205 this will allow evaluation of global data and
setting of national targets to be achieved by 2030;
o 100% of countries by 2030 tracking POMR;

e Protection against impoverished expenditure;
o 100% protection against poverty caused by out-of-pocket payments;
e Protection against catastrophic expenditure;

o 100% protection against extreme poverty caused by out-of-pocket payments
for surgical and anaesthetic care.

Finally, for many countries, surgical systems are unlikely to meet the population need
by 2030 (Uribe-Leitz et al., 2015) unless there is a significant scale-up in resources,
healthcare workers and research. Critical care nursing is an essential but small part of
the surgical patient pathway; however, with an estimated 70% of admissions to criti-
cal care requiring post-operative care (WHO, 2003) nurses have an important part to
play in improving the outcome of surgical care. In this chapter we have explored the
complexities in providing surgical care through a series of case studies to demonstrate
the complexity in accessing and providing safe surgery.
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Choosing
to work
internationally

There are many opportunities for nurses to work internationally, with Non-
Governmental Organisations (NGOs), to join the military or work with other organ-
isations such as international assistance teams. These experiences provide nurses with
an opportunity to work in an unfamiliar environment, experiencing a new culture,
gain an appreciation of conditions not seen in their practice, learn about global health,
ethics, professionalism, health systems and policy. The experience can also bring per-
sonal benefits for the individual too, for example the experience may give you a new
perspective on your own life or get innovative ideas for the future (Crisp, 2017).

The benefits and the impact of working internationally is acknowledged as having a
positive impact on practice when individuals return home (Simms, 2016; Carter, 20135;
Carter & Snell, 2016). In 2015, 96% of 339 volunteers who had been working in a
low resource setting self-reported or demonstrated improved clinical and leadership
skills (Haines, 2016). In addition, working internationally helps develop resourceful-
ness, cultural competence and resilience, which are all key skills nurses need regardless
of where they work (Crisp, 2007).

Often the terms ‘resource limited’ and ‘low resource setting’ can be used interchange-
ably; however, it is worth recognising they often have different meanings to different
organisations. You may have the skills but lack the resources, for example, due to the
physical situation (during times of conflict), being in a remote area (dealing with a
medical emergency onboard an aircraft), living and working in a low-income country
or in a disaster or the immediate aftermath (Iserson, 2016). Within this book, the focus
is on nursing in an LIC or LMIC, where you will have limited access to resources and
professionals. Working in this environment will provide unique experiences and chal-
lenges and how you respond will be determined by your previous experiences and how
well prepared you are.

Working in any resource limited environment will require you to adapt to the
new situation quickly; nurses often practise in controlled situations, with additional
resources and immediate access to specialist staff. In practice, you may find yourself
on your own or with few resources available as often healthcare services are fragile
and function with limited trained healthcare professionals. In consequence, it is widely
accepted that your current role may not adequately prepare you with the necessary



16 Choosing to work internationally

judgement and skills for your role abroad (Hodgetts, 2012; Cox & Briggs, 2004).
When planning to work abroad, you need to think about the organisation and role
you are planning to undertake. Often following an immediate humanitarian disaster
there is constant media coverage; however, the opportunities and roles available are
much more varied, ranging from immediate disaster response, to capacity building and
sustainable development programmes to help improve livelihoods, health, policy or
education (Royal College of Nursing, 2017).

When choosing to work abroad it is important to consider the roles available and
match your skills and experience to the right organisation. It takes confidence to work
abroad, especially if you are going to work in a conflict or humanitarian situation.
Many NGOs vary in their work, for example Médecins Sans Frontieéres (MSF) and
the Voluntary Service Overseas (VSO) have contrasting approaches to projects. MSF
is independent and tends to focus on the immediate response to a crisis, whereas VSO
works on long-term projects with placements with host organisations (Royal College
of Nursing, 2017).

It is important to research the organisation you chose to work with; NGOs can be
based on faith or a political view with an expectation volunteers participate in daily
worship or take a political viewpoint (Royal College of Nursing, 2017). Understanding
the type of organisation you plan to work with and your own values, motivation and
goals can help you choose the correct organisation.

In recent years, there has been a focus on greater collaboration between NGOs and
military organisations (termed CIMIC). For example, following the Ebola outbreak
in Sierra Leone, the UK Defence Medical Services shared pre-departure training and
resources to deal with the humanitarian response. However, working with military
organisations can be viewed as a blurring of lines by some NGOs as it risks their
security and neutrality. Even within the NGO community, different mandates and
expectations between organisations can cause conflict over expectations and roles,
which risks the goals of the project. Understanding other organisations that you may
be working alongside is an important part of the pre-departure process.

Working abroad will require you to respond to conditions not normally seen in
your home country, which will test your leadership, resilience and resourcefulness. To
help you prepare, the following guidance can help you consider the type of organisa-
tion, role and the practicalities of working internationally.

—  Choosing an organisation:

o Does the organisation you are working for require you to have any additional
training prior to departure? For example, some organisations require you to
have tropical medicine courses or experience of working in a low resource
setting.

= How long will it take to achieve all the courses and where will the training
take place?
= Who will pay for this?

o How long do you plan to be away for?
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o  What about your commitments at home? For example, how will you meet
your financial commitments while you are away? How will your family take
you not being around or not having frequent regular contact?

Consider any cultural sensitivities, for example what are you expected to wear?
Can men treat women and vice versa? There may be different attitudes to what you
agree with, for example views towards women, LGBT people, minority groups,
which you may not agree with.

Language. Not everywhere will speak English; therefore, you may need to consider
if you don’t speak another language it may limit your working opportunities in
some countries and environments. Some groups may speak in local dialects or
languages, which may hinder your role in delivering healthcare.

Professional perspective:

o Do you need to register as a nurse with the country you are planning to
work in?

o How will you maintain your home registration while you are away? With lim-
ited access to the internet if your registration requires renewing, how will you
do this?

Professional indemnity. Who will provide professional indemnity? Ideally the
organisation you are working with should provide this; however, it is work
considering.

What are your plans when you return home? You need to consider your long-term
nursing career. While there are many benefits and opportunities when working
internationally, you may want to consider how this meets your short-, medium-
and long-term career aspirations.

You may want to talk to others who have worked in that country. Often talking
to someone who has worked in that country or done a similar role can provide
you with more information than you could find on the internet and give you some
handy practical tips. Box 4.1 provides some ideas of useful tips.

Safety. Look at your government and international websites for information on
safety. Consider how you are going to look after yourself while away.

o Upload copies of any important documents to the Cloud, so that if you lose
any critical documents you can access copies of the documents.

= Many places are dangerous and there is a risk of serious incident and
death. Incidents may include exposure to tropical diseases, dangers of war,
hospitals being targeted, unexploded ordnance, violence, abduction and
rape —these are all potential risks you may face. It is important to consider
what security and support will be available by your organisation. Often
road traffic collisions are the highest cause of injury.

o How will you communicate in-country, e.g. mobile phones?

o  How will you have access to communications with people outside of the coun-
try, e.g. internet access, satellite phones, or will there be restrictions dues to
security?
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o Health considerations:

= Do you need to take malaria prophylaxis?
= Do you need to have any vaccinations?

= Do you need a personal first aid kit?

= Sun protection?

—  Be careful with your personal belongings, for example cash, valuables like laptops,
phones.
(Royal College of Nursing, 2017)

Box 4.1 Practical critical care resources

— Head torch (including spare batteries).

—  Pocket book with relevant useful information (paediatric observations, emer-
gency calculations, conversion from mmHg to kPa, normal ranges, etc).

- Stethoscope.

—  Pens and a notebook.

- Fob watch.

—  Pen torches — take a few.

—  Permanent markers — useful for writing on IV bags when you have added a
drug if there are no additive labels available or you are dating a giving set, etc.

—  Padlocks.

—  Pocket alcohol hand gel bottles.

— Non-latex/powdered gloves.

—  Scrub uniforms.

—  Comfortable shoes.

- Goggles.

—  ‘Bum bag’ to keep key documents and essential equipment together and on
your person.

Professional and ethical issues

First, expect things to be different; you are going to experience a different culture,
healthcare system and expectations towards medicine. You need to expect there
are going to be different professional perspectives and potential ethical challenges.
Nurses work in the real world and need to make ethical decisions while delivering
care. Working in resource limited environments provides unique ethical challenges
(Matheson & Hawley, 2010). The situation could determine the type of professional
issue you may face. These may include the following:

e Dealing with child soldiers and prisoners of war or captured persons.
e Theft and crime towards patients or healthcare facilities.
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e Treating children, which can be emotive and deciding who to admit can be chal-
lenging, particularly if it is undertaken by junior staff.

e Making complex treatment decisions when you have limited blood and blood
products, or surgical sets.

e Ciritical care is political, as you will need to co-ordinate human and other resources
daily to manage patients. Limited critical care resources could result in a potential
‘competition’ for a bed; this may be uncomfortable particularly if the decision is
to admit an important person who may not require critical care, but the care is
deemed better due to a higher nurse to patient ratio.

e Working with multi-national staff with differences in opinion with regards to care
delivery and management.

e If there are no ‘step-down’ or high-dependency beds, when is it appropriate to
discharge a patient, with little follow-up?

e How appropriate is it to perform complex surgery, when there may be limited
access to dressings, to manage complex wounds, undertake future skin grafts or
provision of basics such as stoma bags? In addition, following complex surgery
and critical care illness there may be limited rehabilitation opportunities including
prosthetics, physiotherapy services.

e Dealing with end-of-life decisions and withdrawal of treatment, for example when
dealing with brain death and decisions to stop ventilation. These variations in
cultural perspectives may cause conflict.

e Medication challenges:

o You may not have access to the internet, computer or resources to check medi-
cations.

o There may be no paediatric liquid medications and you may see people crushing
tablets and capsules and adding water.

o Drugs may come in different names, strengths and routes of administration.

o Instructions may not be in English.

o Drugs may be counterfeit, therefore not effective.

e Lack of patient safety, guidelines, policies to support care. The WHO (2008) esti-
mated in low resource settings adverse events occur in 4-16 of all hospitalised
patients.

e  You are likely to have more responsibility than you do back home and have to
make decisions and clinical judgements in isolation.

(One Nurse at a Time, 2015; Royal College of Nursing, 2017)

It is important to remain within your scope of practice. To help you prepare, the
organisation you are working for should provide you with a set of terms of reference
or a job description, so you can understand what will be expected of you. You may
find talking to others who have worked in that country or reading their blogs can
provide you with up-to-date information and real-world perspectives, and provide top
tips to take or consider. There are also a variety of global tools and resources available,
which may help you prepare for your role, for example:
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e  The Sphere Project provides humanitarian protocols and guidance for working in
disaster situations.

e The World Health Organization provides a variety of resources to be used in clinical
practice.

e The International Council of Nurses provides resources and has a code of ethics
for nurses.

Dealing with a professional or ethical issue can be challenging, as the views may be
very different to what you are used to or believe is right or wrong. Understanding the
context in which you are practising can help you prepare; for example, you may also
need to deal with complex hierarchies, where nurses may feel powerless to challenge
doctors or escalate their concerns (Thornton, 2017; Royal College of Nursing, 2017).
If you do not understand the issues facing healthcare staff, this may result in unrealistic
expectations and ‘exporting’ of our practices and views which are unrealistic (Tingle,
2012). The process of understanding the diverse values, beliefs and behaviours forms
part of cultural competence. Poor cultural competence can lead to poor communica-
tion, negative experiences, misunderstanding and compliance amongst both healthcare
workers and patients (Benbenishty et al., 2017).

Looking after yourself

It is important to look after yourself before, during and after your trip. Therefore,
you need to prepare both emotionally and mentally before you go (Royal College of
Nursing, 2017). You are going to experience a different culture, healthcare system
and expectations towards medicine, and it is not unusual to be overwhelmed at first.
You may have travelled for several days, crossed time zones and be expected to work
immediately on arrival. Your working days may be 12-14 hours. This will be tiring
and cause stress on your body.

There is likely to be lots of work to do and prioritising what needs to be done can
be difficult. Writing a to-do list and prioritising tasks which need to take place and
those that can wait can be helpful. You are likely to have some good and bad days,
and identifying your achievements and positive aspects of your trip can help when you
are having a difficult day. There are various apps and organisations which can also
be helpful, for example Headspace is a mindfulness app that is endorsed by various
NGOs. Your organisation may also have support mechanisms in place if you are really
struggling. Other tips to look after yourself include the following:

e Give yourself time to settle in and understand your unfamiliar environment.

e Itis important to make sure you eat, hydrate and rest. When you can take a lunch-
break, the short time away from work can be refreshing and help you re-focus.
Before you go find out, what the food will be like. If food is expensive, you may
be served things you don’t like. Therefore, you may want to take snacks or dry
foods with you to help.

e Don’t work longer than nine hours per day.

e Take one day off per week.
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Make time for social interaction.
If you are allowed, bring some reminders of home, e.g. pictures of family.
If safe to do so, go for a walk to help clear your head, or go to the gym.
Make sure you take your medication regularly.
(Royal College of Nursing, 2017)

When you return home, you may experience ‘reverse culture shock’ and feel numb, frus-
trated with Western views and priorities. It is important to participate in the debriefing
provided by your organisation and having a strong support network, accommodation
and plan for when you come home can help (Royal College of Nursing, 2017).

It is important to look out for signs of post-traumatic stress disorder (PTSD) which
may include flashbacks, nightmares, repetitive distressing images and physical signs,
e.g. pain, sweating, nausea, vomiting (NHS, 2018). It is important to seek help.

Working abroad is a life-changing experience, which will hopefully leave you with
many good memories and lasting friendships. In this chapter, we have explored the
importance of being adequately prepared, informed and trained from your role.
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Project
management

Theory of change

Theory of change (ToC) is a methodology for planning and participation used by not-
for-profit organisations and governments to promote social change. ToC are used by
philanthropic, Non-Governmental Organisations (NGOs) and government organisa-
tions when planning projects. ToC involves identifying the steps of an intervention and
how it will achieve the goals of improving people’s lives (Brown, 2016). Other models
include Logical Frameworks (also referred to as LogFrames). Although different, both
the ToC and Logical Frameworks aim to provide a structure to projects and how they
will lead to results (Bullen, 2014). There are various models and terminology for theo-
ries of change, most involve identifying inputs, activities, outputs, outcomes and impact
(Figure 5.1). The process involves identifying long-term goals and begins by ‘backward’
mapping and connecting pre-conditions or requirements needed to achieve the goal.
Identifying assumptions and interventions your project will need to achieve and devel-
oping indictors to measure and evaluate outcomes. This process is developed in a log
frame which contains a matrix of outputs and a narrative explaining the stages (Center
for Theory of Change, 2017; Tropical Health & Education Trust (THET), 2018a).

To develop a ToC it requires good understanding of the situation, which can be
difficult when first establishing a project. To understand the situation, this may involve
visits and completing a needs assessment. The needs assessment may follow standar-
dised tools, for example the WHO (2019a) equipment lists for essential equipment,
anaesthetic supplies and needs assessment. This provides baseline data and initial
information that can be used to identify the specific issues. It is recommended needs
assessments are completed with local partners to understand the environment and
context in which they work. Considerable time is required to develop and evaluate the
use of ToC, which can be challenging when working with limited resources and short
funding timeframes (THET, 2018a). The ToC model provides an overall picture of the
problem, the environment and context. To show the interdependent and interlinking
in finding solutions, links to other variables which may affect the change are also
included; these may be external to the project. It provides a logical structure to the pro-
cess for change and how it will be happen. The ToC model is presented as a diagram
with an accompanying narrative to explain each stage. (Brown, 2016)
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Monitoring and evaluation

The term ‘M&E’ is used by many NGOs and international organisations including
the World Bank and the United Nations to determine the impact of programmes and
provide accountability to donors. M&E is developed as part of the ToC model and
provides evidence to raise awareness and promote debate about the efficiency of pub-
lic programmes and projects (World Bank, 2013). M&E promotes accountability, as
many donor projects are publicly funded and ultimate accountability to governments
who provide international development funding needs to be justified. M&E involves
strategic support and collaboration with governments, organisations and healthcare
workers where the project is going to take place; this provides the basis for sustaina-
bility and acceptance of the data. The World Bank (2013) requires M&E to use data
to analyse the difference in outcomes with or without the project.

At local level, M&E is an ongoing process to allow the project team to check they
are meeting targets, provide evidence to motivate and celebrate successes with teams,
support the evidence for change, provide accountability to stakeholders and funders
and identify strong and weak areas (Burn & Ritman, 2013). The principles of good
MA&E should be: independent, intentional, transparent, ethical, impartial, high qual-
ity, timely and, finally, used (United Nations, 2006). Good M&E practices involves
the following:

e Designing and agreeing the M&E activities at the start of the project. M&E activi-
ties are identified and agreed during the project planning stages of the project.

e  MAK&E should involve all stakeholders involved in the project. This provides good
project governance as strategic and organisational partners understand their role
within the project and who is responsible for collecting what data and when.

e Data should be collected at key stages throughout the project in order to inform
decisions to keep the project on track and support the overall project evaluation.

e Depending on the initial needs assessment completed, this may provide baseline
data for subsequent M&E to be compared against. If standardised templates and
reports are used, this may allow for the data to be compared to other sources and
projects.

e  MU&E results should be shared with stakeholders and include recommendations.

A partnership project between the Kambia Appeal and Kambia District Health
Management Team in Sierra Leone to upskill healthcare workers (THET, 2018b),
used both qualitative and quantitative M&E approaches to monitor change:

e Mini-evaluations of the project. This included visits led by the UK partners in
conjunction with local healthcare workers.

e Assessment. Pre- and post-testing of knowledge and skills after education and
training of trainer events.

e Observation in practice. Conducted by ward nurses, standardised data collection
forms provided consistency and standardisation.



Project management 25

e  Volunteer pre- and post-self-assessments to identify what they had learnt and expe-
rienced. Post-trip reports provided information on activities undertaken, including
successes and challenges.

e Regular audits of notes and practice, with results being shared at all levels.

e Recognising the importance of personal evaluations and comments to identify
issues and concerns early.

The Kambia partnership (THET, 2018b) identified a series of challenges relating to
M&E, which included the following;:

e  Maintaining momentum when there is a high turnover of volunteers.

e  Once competency charts and observations in practice were completed, they lost
value as the activity was deemed completed and resulted in limited change in ongo-
ing practice.

e When strengthening data systems, the health indicators are likely to be worse, as
the data becomes more accurate.

e Data collection tended to focus on immediate results and only at local level. The
importance of sharing the data widely including those managing services at organ-
isational, regional and national levels ensures the information can be used for
future planning.

e Additional challenges to M&E include poor or inconsistent pay, demotivation and
high turnover of staff, which will then impact on the long-term sustainability of
any projects (Burn & Ritman, 2013).

While it may not be possible to address all these factors within partnerships and pro-
grammes, identifying these factors and challenges during the ToC process can help the
partnership to recognise the impact of their project. In addition, reviewing and recog-
nising new factors influencing M&E provides valuable information which can be used
in future ToC models (THET, 2017).

Evidence-based practice

The International Council of Nurses (ICN) (2016) acknowledged that evidence-based
practice and nursing research is essential to provide quality and cost-effective health-
care. Sharing ideas and promoting the nursing research agenda through publications
allows it to be visible and accessible to those who deliver nursing care (ICN, 2016). In
recent years, there has been a paradigm shift from HIC conducting research and health
programmes to now including local healthcare workers helping to design, implement
and evaluate programmes (Webb & Giles-Vernick, 2013). While LICs and LMICs
have been viewed as the ‘laboratory for human research and experimentation” (Webb
& Giles-Vernick, 2013), research must be appropriate and ethical. Access to local staff
with research skills may be limited and some staff may have academic titles but have
limited research and scientific experiences (Zerem, 2013). However, including local
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nurses in research activities helps build the nations’ research capacity and development
opportunities for nurses.

Research and audit may form part of M&E processes and can be used to strengthen
health data systems and identify problems. To effectively use the data there must be a
willingness to accept these problems and have the leadership capable and motivated to
change (Hirst & Jeffrey, 2013). There are examples of research that encompasses these
elements, for example the QUARITE trial demonstrated a 15% reduction in maternal
mortality and was the first randomised control trial to incorporate education and audit
on a large scale (Dumont ef al., 2013). It was recognised as a comprehensive approach
to using changing practice and M&E to include audit, leadership development, train-
ing in obstetric emergency care and outreach programmes.

The challenge to providing quality healthcare in low resource settings includes a sig-
nificant shortage of healthcare workers, imbalanced skill mix and uneven distribution
of healthcare workers (WHO, 2018). Those providing direct care often have difficulty
accessing current, appropriate information and opportunities to conduct research and
publish their ideas and undertake continuing professional development (CPD).

The increased use of the internet has allowed many publications and resources to
become more accessible. To improve access to critical healthcare information, the
WHO HINARI project has facilitated over 140 publishers to provide free access to
journals in resource poor countries. In recent years, improved access to the internet
has meant there is also an increasing move towards open-access journals, for example
NursingPlus Open.

The United Nations (UN) (2011) acknowledged access to information and the inter-
net is deemed a basic human right, yet in many countries internet connections remain
expensive and access to databases such as HINARI are only available in institutions
while on courses. In consequence, this means unless nurses are on a course with access
to both the internet and databases they do not have access to current information.
Limited internet means downloading documents can be time-consuming and challeng-
ing. In addition, many journals are not accessible as users need to pay to access the
journals (Deonandan et al., 2017).

This may result in nurses and other healthcare workers accessing information from
various sources such as Wikipedia. In both high- and low-income countries studies
have shown doctors and medical students use Wikipedia to answer clinical questions
(Park et al., 2016). Wikipedia is easy to access and it is likely many healthcare workers
globally use it as a source of information to make clinical decisions. While it could be
argued Wikipedia lacks credibility, is not evidence-based and can be changed by any-
one (Rasberry, 2014), it has been proposed Wikipedia could reach millions of people
and already has many health-related pages, which could be expanded and validated
(Bould et al., 2014). This provides a potential practical solution to the immediate
access to information, there is still the need for support for local nurses to publish their
work in peer-reviewed journals.

With limited national journals many nurses and doctors are forced to publish in
Western journals; in addition, this may be the only way to increase their research
profile and attract international donor funding for projects. Most nursing journals are
published in English, yet only 5% of the world population speaks English, making it
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difficult when authors are preparing submissions (Rezaei-Adaryani, 2012). For nurses
who do not use English as their first language manuscripts may get rejected due to
poor grammar or an inability to afford the translation into English.

Mentorship for novice authors is often limited or non-existent. With limited support
within hospitals and Schools of Nursing to help prepare manuscripts many prom-
ising ideas and evidence is not getting published and ultimately shared. The Lancet
Commission on Global Safe Surgery made recommendations for journal editors and
publishers to improve access to relevant knowledge, authorship to properly reflect con-
tributions from low-income countries, strengthen the quality of research conducted,
educate researchers, promote global agendas and aid development of manuscripts
(Ng-Kamstra et al., 2016). However, in practice ‘local level’ support remains limited.

Within medicine the African Journal of Emergency Medicine (AFEM) recognises the
need to ‘improve the quality and quantity’ of publication and developed a formalised
mentorship programme. The ‘author assist’ programme used a peer-to-peer service
of experienced volunteer assistants to help authors develop their work. Bruijns et al.
(2017) reported through this programme that out of 47 (43%) original articles initially
rejected, 28 (60%) took this opportunity to work with the ‘author-assist’ programme,
resulting in 14 (50%) manuscripts re-submitted and 12 (86%) being accepted for pub-
lication. In consequence, peer mentorship schemes for nurses will increase the body
of evidence available within a specific context (Klopper & Uys, 2013). This will help
other practitioners to put the ‘evidence into practice’, bridge the theory—practice gap
and contribute to scaling up quality health systems (WHO, 2019b).

‘Train the trainer’ programmes

Many projects involve increasing the number of skilled healthcare workers through
training and education (Burn & Ritman, 2013). Within all projects the wider issues
facing the education of healthcare workers will need to be considered, for example,
projects may support the increase in the number of nurses being trained, but this needs
to be delivered within the current provision of teaching staff. With few nurse tutors,
they often manage high workloads and may have limited access to peer support, CPD
opportunities and time to research and develop novel teaching strategies. This can
result in the content on nursing programmes being outdated, with a reliance on lite-
rature and materials that have been unchanged for years and focus on rote learning
(British Council, 2016; Livingston, 2012).

Often educational resources, for example textbooks and journals, are donated to
libraries and while they provide an insight into current thinking, using high-income
country resources is unrealistic as pathologies and conditions seen in low resource
settings are not covered in these resources (Martey & Hudson, 1999; British Council,
2016). Nurses often work with limited resources and have greater responsibilities than
those from HIC, therefore they need to develop specialist skills to be able to bridge
theory to practice and find solutions to their problems (Van Wyk, 2002). In addition,
treatment strategies may not reflect current thinking; for example, in Botswana, cancer
care specialists reported reviewing medical journals from the late 1960s, to review the
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literature, debate and determine the best evidence as they were using drugs and treat-
ments from this era (Livingston, 2012, p. 33).

Critical care patients require specialist nursing care, and nurses need to complete
specialist post-registration courses to help them provide holistic evidence-based care.
Some LIC and LMIC organisations have provided ‘short-courses’ in critical care lasting
from one to two weeks. While these short-term courses have upskilled the workforce,
the World Federation of Critical Care Nurses (WFCCN, 2005) mandates ‘innovative
strategies need to be implemented to address the deficit of qualified critical care nurses,
rather than resorting to short training courses to resolve the problem’. Critical care
nurses are often the largest part of the critical care workforce and often called upon
to share their skills with other healthcare workers. This ‘ripple effect’ results in a
wider impact across the whole healthcare system, as knowledge, skills and experiences
are shared at patient care level. Education and healthcare are inextricably linked and
understanding how nurses are trained and access post-registration courses will help
you understand how nursing care is delivered.

As a nurse you may be involved in developing and delivering ‘training of trainer’
programmes. This provides an opportunity to share ideas and resources to update
curriculums, provide CPD opportunities and support the longer-term sustainability of
projects. It is important you do not make assumptions about what is right or wrong
in a new culture and go about making changes (Norton & Marks-Maran, 2014).
Depending on your teaching experience you need to think carefully about how you are
going to deliver and evaluate courses, as you may be used to having more resources
and using different teaching styles. To help you prepare the following points may help:

— Language:

o Will you need a translator?
o  Will your slides/resources need to be translated? Translation of slides may take
time, so you will need to be organised and share these in advance.

- How will the environment affect you and the students?
o For example, teaching in a classroom in elevated temperatures.
—  What resources and tools do you have available?

o You may want to use PowerPoint, but there may be intermittent power or no
projector.

o You may want to use simulation/skills but have limited equipment.

o You may not be able to use a flip-chart as paper is too expensive and not
available.

o You may need to use chalkboards to teach.

o  Without access to resources, it may not be possible to provide students with a
comprehensive reading list as they will need to be able to access the texts. You
should consider how you are planning to do this.

—  Paper and photocopying can be expensive, so if you want students to have hand-
outs how will you share these? Using students’ memory sticks may expose your
computer to viruses.
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- Newer computers may not have connections to projectors, therefore you will need
to check connectors before you start teaching. If you need to buy a cable this may
be expensive or not available.

—  When developing ToT programmes it is important to involve local nurses and
leaders in the process and to confirm the content is culturally appropriate and
meets the context in which the students work.

— Didactic lectures are often the mainstay of teaching methods used; the use of case
studies, presentations and group work may be one way to introduce student par-
ticipation and are often well received.

— Accessing the internet can be challenging, making your preparation or providing
references difficult. Internet connections can be slow and expensive. Accessing
journals requires people to pay subscription fees which are often too expensive
and with variable internet connectivity you may not be able to download articles.
If you want students to read resources and have access to the information follow-
ing the session, how do you plan to give this to them?

— It is important to understand who will be attending your courses. Healthcare
workers may not attend training sessions unless they are paid per diem (also
termed ‘sitting allowances’). Those that attend may agree to the content, but it
may not result in a change in practice (Royal College of Nursing, 2017).

For ToT programmes to be effective in improving the knowledge of healthcare workers
and ultimately the health of the nation, the programme must form part of a strategic
plan. The strategic long-term goals of a project are identified through the ToC and the
training programme should form part of this change and the M&E process.

In summary, International projects often involve an element of training programmes.
Establishing and sustaining programmes with limited resources is a challenge for train-
ers, and something you will need to consider if you are involved in these activities.
When working internationally we are often involved in the delivery of projects; how-
ever, understanding the project’s ToC and M&E plan will help you understand your
role in more detail, the long-term goals and why certain activities have been chosen.
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Critical care in
resource limited
environments

This chapter explores the provision of critical care services in resource limited envi-
ronments. The World Health Organization (2004) defines a critical care unit as ‘an
advanced and highly specialised care provided to medical and surgical patients whose
conditions are life threatening and require comprehensive care and constant monitoring.
It is usually administered in a specially equipped unit of a healthcare facility’. Critically
ill patients can be classified into three groups (Adhikari ez al., 2010):

1. Those with acute organ dysfunction.

2. Those who have undergone major surgery and are monitored to detect any deteri-
oration.

3. Those who have not responded to critical care and are receiving end-of-life care.

Within the low- and middle-incomes countries often many critically ill patients do not
reach critical care units due to a lack of critical care beds or they simply die before
they reach the hospital (Dart et al., 2017). The appropriateness of providing critical
care services has been widely debated. Often sophisticated tertiary referral hospitals
co-exist with inadequate primary healthcare and limited healthcare infrastructures
making it difficult for patients to access care (Li et al., 2013). Critical care requires
intensive resourcing in terms of personnel, equipment, resources and financing. Critics
argue critical care services may not significantly decrease overall mortality and the
development of these services is unrealistic. With limited resources and funding avail-
able the focus should be on investment in prevention programmes such as mass immu-
nisation projects and primary healthcare services (Basnet ez al., 2011).

Conversely, it is recognised all hospitals have critically ill patients and the debate
should not be about ‘is intensive care appropriate?’ but rather ‘what is appropriate?’
(Watters et al., 2004). The recent Lancet Commission on Global Safe Surgery included
the development of critical care as an essential aspect of improving outcomes from sur-
gery (Meara et al., 2014). In addition, most of the population in low-income settings
are young (less than 60 years old), therefore providing critical care services may save
the life of a patient who otherwise would have died from an avoidable or preventable
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cause in a ward (WHO, 2016). Survivors may then be able to return to their communi-
ties and contribute to society and their economies (Krishnamoorthy et al., 2014, Firth
& Ttendo, 2012).

When working in a critical care unit in a resource limited environment it is impor-
tant to understand what is appropriate. On assessment, the unit may appear severely
limited by our standards but may be well equipped by local and national standards
(van Wijhe, 2017). Understanding the limitations and opportunities will help you
make appropriate decisions, which are not guided by Western standards. The basic
requirements for a critical care unit must include adequate human resources, medical
equipment, for example ventilators, suction units, and sufficient resources and drugs
to provide a comprehensive service to the population at risk.

Staffing

To manage an effective critical care unit, there needs to be an identified medical and
nursing lead for the unit. To provide direct care, there must be appropriately trained
nursing and medical staff to meet the needs of patients 24 hours a day. There should
be an adequate number of nurses on duty to meet the patient dependency. All critical
care patients must have access to a registered nurse with a post-registration critical
care nursing qualification, with the minimum of one qualified critical care nurse on
duty for each shift.

Nurses are essential to effective critical care services, as of any service, and often
spend the most time with patients. The success of any intensive care unit is based on
motivated and trained critical care nurses (Giannou et al., 2013). Investing in critical
care nurses often results in a hospital-wide impact as they are often called upon to
work outside of the critical care units and review or provide advice to other healthcare
professionals concerned about patients; this results in a sharing of knowledge and
skills (Towney & Ojara, 2008; Basnet et al., 2011).

The role of the nurse in a resource limited environment critical care unit can be
broad, with a lack of locally trained medical doctors and other professionals, e.g.
physiotherapists, leading to ‘task-sharing’, whereby nurses undertake additional skills
traditionally performed by other professionals. As outlined above, the type of patient
admitted to critical care is likely to be different to high-income settings, and nurses
may need to look after both adults and children. Insufficient numbers of nurses may
mean nurses look after three to four ventilated patients. However, when compared to
the wards, where nurse to patient ratios can be as low as 1 nurse to 40-60 patients,
this is a significant escalation in patient care (Carter & Snell, 2016).

The role of the nurse is to provide effective nursing care by:

e providing patient-centred evidence-based care;

e observing and being proactive in patients’ management, so that any deterioration
or changes can be immediately identified and acted on;

e being able to cope with unpredictable events;
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e being able to explain all nursing procedures to patients and provide emotional
support to patients and their relatives;

e providing detailed information to other members of the healthcare team;

e maintaining and respecting patient dignity and confidentiality.

To achieve these goals, nurses must receive specialist training and opportunities for
continuing professional development.

Critical care unit

The critical care environment should be a dedicated area within the hospital, with
agreed admission and discharge guidelines (Boxes 6.1 and 6.2). The unit should have
an admission book and agreed protocols and guidelines for the provision of care, for
example, ventilator care bundles, transfer standards. These standards should be agreed
by key stakeholders and monitored for compliance.

There must be sufficient space between each bed area to prevent cross-contamination
and ensure there is sufficient space for extra equipment. In addition, dedicated side
rooms for the provision of infectious cases and those requiring barrier nursing, e.g.
burns patients, should be available. Walls should be washable, floors smooth and
curved at the edges to meet the walls, so dirt cannot be trapped. A cleaning rota should
be developed and monitored.

Units must have:

e continuous supply of electricity. Power failures without back-up generators are a
significant patient safety risk making it difficult to provide continuous ventilation,
infusions and renal replacement therapy. During a power failure, sufficient staff need
to be immediately available to respond and manually ventilate patients as any disrup-
tion in treatment may be associated with increased mortality (Iniabasi & Kalu, 2012);

e access to clean water;

e dedicated nurses station including a working telephone, with the ability to phone

outside of the hospital;

designated clean and dirty (sluice) utility rooms;

store room near to the unit;

designated refrigerator for medicines;

lockable controlled drugs cabinet;

lockable cupboards for drugs;

kitchen area to store and prepare patient feeds;

office space for the nurse in charge;

relatives’ waiting area;

unit library and resource area where electro-medical manuals and other profes-

sional resources can be stored and accessed by staff;

an educational resource board;

e ward clerk/desk area for storing notes.
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Each bed-space must have:

e sufficient access around the bed, with access to the head in case of an airway
emergency;

e a continuous supply of oxygen either piped or cylinder immediately available at
every bed-space, with emergency back-up cylinders available. Nursing staff need
to be vigilant when using cylinders to monitor when they are nearly empty and
ensure they are changed. If using oxygen concentrations during a power failure
these may fail, potentially leading to hypoxia and death;

e height-adjustable bed with bedrails;

e curtains or screens between each bed-space for privacy;

e good lighting;

e sufficient number of plug sockets around the bed-space;

e monitoring and leads. Pulse oximetry probes and ECG leads are delicate, may

become damaged and are often difficult to replace, resulting in many working

monitors not being used;

ventilator;

suction unit with appropriately sized suction catheters;

appropriate number of infusion and syringe pumps to deliver medications;

enteral feeding pump;

charting trolley and area to keep patient notes;

intravenous drips stand;

sharps box;

e appropriately sized bag, valve mask and Waters circuit in case of an emergency;

fire blanket;

e emergency torch;

e any other equipment necessary for specific patient groups, e.g. syringes, needles, etc.

Additional equipment and resources:

glucometer and test strips;

urinalysis test strips;

pH test strips for checking position of NG tubes;
weighing scales;

arterial blood gas analyser, test strips and reagents;
adult/paediatric emergency trolley, including:

emergency drugs;

emergency oxygen (with appropriate connect to attach oxygen tubing);
emergency airway equipment (including difficult airway equipment);

manual defibrillator with ability to perform DC cardioversion and external
pacing;

o O O O

e emergency torches and spare batteries;
e transfer bag;
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portable X-ray;
ultrasound machine;
computers to access laboratory results and educational resources.

Equipment care

The World Health Organization (2008) states:

Every patient has the right to be treated using the safest technology available in
health facilities. This implies freedom from unnecessary or potential harm associ-
ated with healthcare. All health professionals and institutions have obligations to
provide safe and quality healthcare and to avoid unintentional harm to patients.

Electro-medical equipment is an essential to the running of a safe critical care unit.
Each bed-space should have appropriate equipment; however, limited equipment,
sometimes shared between patients, increases the risk of suboptimal monitoring or
risk of infection. Within a resource limited environment, the ideal equipment would
(McNicholas & Henning, 2011):

be light, compact and portable so it could be used in a variety of situations and
moved locations if required;

work at different climatic temperatures;

have adequate battery back-up;

require minimal calibration;

have all staff trained in its use and have access to the user manual.

Specific challenges you may face when working in resource limited environments may
include the following:

Being unfamiliar with equipment, which may be different from HIC hospitals.
HIC may donate equipment; while this may be useful initially, it may not be the
best equipment for the environment and without user manuals or training of
electro-medical engineering staff it makes it difficult for staff to use and engineers
to maintain the equipment.

Battery back-up may be affected by the extremes of heat and overcharging.

Poor electrical safety or varying types of plug sockets or voltage may affect the
equipment.

Lack of consumables, for example oropharyngeal airways, ventilator tubing,
means equipment is cleaned and then re-used on another patient. This may increase
the risk of spreading hospital-acquired infections if incorrectly decontaminated or
may result in a lack of basic monitoring, e.g. pulse oximetry when ventilating.
When equipment breaks or requires servicing, there are often insufficient biomedi-
cal engineers available or skilled to service the delicate specialist equipment. In one
country in sub-Saharan Africa an estimated 35-50% of medical equipment is out
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of service, compared to the less than 1% in HIC (Tropical Health & Education

Trust, 2013, 2015).

e Often when equipment breaks it cannot be repaired due to a lack of parts, result-

ing in the equipment being dumped.

e Ad hoc planning, weak procurement and regulatory systems affect equipment

planning.

e Budget problems for operating and maintaining equipment lead to equipment not

being used.

e Some equipment may be ‘locked away’ by senior staff to ensure it does not get

damaged.

Although electro-medical resources may be limited, Table 6.1 provides an overview
of essential devices required to manage the variety of potential patients admitted to a
critical care unit (Low & Harris, 2015). When using some point of care (POC) tests,
including glucometers and arterial blood gas analysers, cartridges, test strips and rea-
gents required to undertake daily tests may not be available or calibrated, potentially
causing incorrect readings. In addition, some tests may be recorded in different meas-
urements, for example arterial blood gases may be recorded in kPa or mmHg. As an
international nurse you may need to convert these results until you are familiar with

the normal ranges.

Table 6.1 Point of care testing equipment

Device Example of use
Glucometers Diagnosis of cause of collapse
[-Stat Diagnosis acute renal failure

and coronary syndromes

Hemocue Decision to administer blood,
often used in the pre-hospital
environment

CoaguChek Checking INR on patient with
intra-cerebral bleed

Hemochron Jr  Patients on intravenous
heparin requiring regular
anticoagulation monitoring

Urine test strips  Diagnosis of pre-eclampsia

Pulse oximetry =~ Monitoring of oxygen therapy

Serial monitoring

In management of diabetic
ketoacidosis (DKA)

CO, control in a ventilated patient
with traumatic brain injury (TBI)

Major haemorrhage

Not required

Patients with an arterial or central
venous catheter in situ

Ketones in DKA

Continuous monitoring when
providing anaesthesia or
mechanical ventilation in ICU
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In the absence of fully functioning laboratory and/or point of care testing, this
results in delayed reporting of results which may be critical to a patient’s condition. In
consequence, care may be provided empirically, for example dextrose solutions may be
given if there are any signs of hypoglycaemia (Bisanzo et al., 2016), or when weaning
a patient from ventilation, care is based on clinical judgement and experience, which
can lead to variations in treatment strategies.

A lack of functioning medical equipment is one of the main challenges facing health-
care professionals daily (Tropical Health & Education Trust, 2017). When working in
an unfamiliar environment you must be competent to use any equipment. The Tropical
Health and Education Trust (THET) (2013) has outlined a series of recommendations
for training users:

How to use the equipment safely and properly.

How to understand the user manual.

What to do if you suspect a problem.

How to care for the equipment (user care and maintenance).

Training should be ‘hands-on’ so healthcare workers become comfortable and
familiar with the device.

Some equipment may be donated from HIC. There are international standards for
donating medical equipment to the low-income countries and some organisations, for
example Lifebox, who provide pulse oximetry to support safe surgery, provide equip-
ment, training and peer support to effectively support the implementation of equipment.

When working internationally, as part of your induction you should familiarise
yourself with the equipment you are going to use and complete the necessary training
to ensure you can use it safely.

In summary, critical care services in low resource settings will continue to evolve
and develop, and can contribute to improving the health of the nation and wider
hospital services. Nurses are essential for any critical care service and play a key role
in the development and delivery of services. Services are likely to be very different to
critical care units in HICs; understanding the type of patients admitted, outcomes and
resources available will help you to ensure appropriate decisions can be made.

Box 6.1 Types of patients that may require admission
to critical care for continuous monitoring and
observation (WHO, 2016)

Cranial neurosurgery.

Head injuries with airway obstruction.

Intubated patients, including tracheostomy.

Major trauma — post-operatively.

Abdominal surgery for a condition neglected for more than 24 hours.
Chest drain in the first 24 hours.

(continued)
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(continued)

e Ventilation difficulties.
e Airway difficulties, potential or established, e.g. post-thyroidectomy, removal
of a large goitre.

e Unstable pulse or blood pressure, high or low.

e Anuria or oliguria.

e Severe pre-eclampsia or eclampsia.

e Surgical sepsis.

e Complications during anaesthesia or surgery, especially unexpected hae-
morrhage.

e Hypothermia.

e Hypoxia.

e Neonates, after any surgery.

e Medical conditions, e.g. organophosphate poisoning.

Box 6.2 The following conditions should be met before
discharge from critical care (WHO, 2016)

Conscious.

Good airway, extubated and stable for several hours after extubation.
Breathing comfortably.

Stable blood pressure and urine output.

Haemoglobin >6 g/dl or blood transfusion in progress.

Minimal nasogastric drainage with the presence of bowel sounds; abdomen
not distended.

e Afebrile.

e Looks better, sitting up, not confused.
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Military
critical care

In times of conflict and disaster, military medical units may be deployed to provide
critical care services to an identified population at risk. Military organisations aim to
provide the same standard of care as expected in their own country, therefore the type of
care provided is likely to be different to those provided by local or Non-Governmental
Organisations (NGOs) and local national healthcare facilities.

Within military medicine, critical care has evolved in terms of its evidence base,
technology and resources required in response to recent conflicts and injury patterns
(McNicholas & Henning, 2011). Each conflict has its own unique signature pattern
and resources will be dependent on the threat and injury patterns seen. Many deployed
Medical Treatment Facilities (MTFs) are located in isolated and austere environments,
which requires the facility and its staff to be as self-sufficient as possible. Where the
MTF is located, for example in a desert, on a ship away from shore or onboard an
aircraft, will determine the challenges for staff, patients and care provided (Box 7.1).

North Atlantic Treaty Organization (NATO) countries escalate treatment from
point of injury to definitive care; this paradigm is described in stages from Role 1 to 4
(Box 7.2). As the casualty moves through the operational patient care pathway, at
each stage more resources and expertise are available. Patients may need to move over
large geographical distances or varying terrain, therefore patients may be moved by
specialist teams in helicopters or special battlefield ambulances.

Box 7.1 Considerations when providing deployed
critical care in different situations

Providing critical care on a naval ship (Risdall et al., 2011)

e No dedicated hospital facility onboard, space and size of the facility is
restricted by the area available to the team.

e Lack of space to store medical supplies.

e Differences in power voltage.

e Patients can arrive either via helicopter or boat. Moving the patients off
these platforms and through the ship to the medical facility may be difficult.
This may involve lifts, ladders and hatchways.




Military critical care 43

All equipment will need to be secured to prevent movement.

Re-supply of essential medical supplies may be challenging, for example
blood has shelf life of 35 days. In addition, ensuring blood is kept at the
correct temperature throughout the entire chain may be resource intensive.
Evacuation of patients to definitive surgery may be delayed, resulting in
patients remaining in the facility for longer periods, until tactically safe or
other ships or helicopters can ensure the patient can be evacuated.

Providing critical care during aeromedical transfer
(Turner et al., 2009)

Healthcare professionals being awake for a prolonged period and crossing
time zones results in fatigue and increases the risk of potential error.
Cramped and limited environment.

Limited access to running water.

Noise and vibrations.

Providing nursing care in tents (Whitcomb et al., 2008)

There may be no piped oxygen, suction or power.

Running water may be limited.

Cleaning of canvas if there is a spillage.

Extremes of temperature and limited ability to control temperature.
Difficulty in maintaining dignity and privacy.

Nursing patients on narrow stretchers may prevent re-positioning and pressure
area care; no backrests to perform the ventilator care bundle or neurological
protection.

Performing CPR on a stretcher.

Box 7.2 NATO roles of care (Remick & Bailey, 2017)

Role 1 Battlefield First Aid (UK)/Combat Casualty Care (USA) to provide

immediate lifesaving care
Triage

Role 2 Triage, resuscitation, treatment and holding of patients so they can

return to duty
Emergency surgery, critical care and essential post-operative management

Role 3 Specialist diagnostic radiography, surgical and medical capabilities

Preventative medicine, mental health teams, dentists
Ability to hold patients, so they can return to duty

Role 4 Definitive care often provided in the patient’s home country. Specialities

include reconstructive surgery, rehabilitation and convalescence
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Resources

Resources will always be the challenge in any deployed setting. With limited re-supply
of resources and the fragility of the cold chain in maintaining blood and drugs at the
right temperature this can pose many problems. While the technology available has
significantly advanced, certain advances, for example renal replacement therapy or
advanced haemodynamic monitoring, in a remote environment are currently limited or
not possible (Nesbitt et al., 2011). Arguably, recent operations have allowed for inno-
vation and development of technology which is more robust and able to work within
these environments. Advances in transfusion practices, including the use of Rotational
Thromboelastometry (ROTEM) and platelet apheresis to provide goal directed trans-
fusion practices, have revolutionised transfusion practices and helped conserve blood
stocks and prevent unnecessary transfusions (Coull, 2013).

Care of local nationals

Most countries are signatories of the Geneva Convention, which requires them to
provide lifesaving life, limb or eyesight surgery. It is recognised clinical care for local
nationals must be appropriate and meet the technology and ongoing care available
locally (Ramasamy et al., 2010). The ongoing care of patients must be considered
during the planning phase of operations and shared with healthcare professionals.
However, the realities of providing high-income standards of care in a low-income
country, which has never had that level of care or been able to continue to provide that
level of care, will cause potential professional and personal dilemmas.

In conflict, it is likely outside of the military MTFs critical care services will be non-
existent or considerably different. The International Committee of the Red Cross War
Surgery Manual recognises critical care may not consist of highly sophisticated equip-
ment, but may include cohorting sick patients together and providing good nursing care
by increasing the patient to nurse ratio from 20 or 30 to 1 to 4 to 1 (Giannou et al., 2013).
Therefore, deciding when it is appropriate to discharge a local national to an NGO or
local hospitals with complex injuries, knowing they have limited facilities, can be a pro-
fessional and ethical issue facing military healthcare professionals (Lockley et al., 2004).

Wanting to do more

When looking after local national patients, it can be emotive, and decisions to change
treatment parameters and provide more when faced with someone with a poten-
tially reversible condition that could be easily treated is a considerable challenge for
clinicians. Senior commanders and politicians may encourage ‘hearts and minds’ pro-
grammes to build relations with local communities; however, in reality this may be
difficult, particularly when treating more complex or non-life-threatening conditions.
When clinicians provide treatment not part of the medical rules of engagement, this
is termed ‘mission creep’. This describes the gradual change to the original mission or
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plan and can affect both military and NGOs, demonstrated in the following vignette
of UK Defence Medical Services (DMS) in Bosnia-Herzegovina.

Over a three-year period, emergency department admissions at a multi-national mil-
itary field hospital deployed to Sipovo, Bosnia-Herzegovina; data identified there was
an increase in civilian admissions during that time (Kenward et al., 2004). This lead to
dependence amongst the local community, which created a complicated exit strategy
when the operation was completed as the local population had become reliant on these
services. Civilians perceived the standard of care was better than what was availa-
ble in their local hospitals, which were gradually being rebuilt. This posed enormous
challenges both for the military and the local agencies to capacity build local services.
In consequence, military medical services often engage with local services and NGOs
particularly when planning the ongoing care of local nationals (Bricknell & Cameron,
2013). This not only provides sustainability for countries recovering from conflict or
disasters but also helps to re-establish local healthcare services.

Working with Non-Governmental Organisations (NGOs)

Often both military and NGOs will be working in the same space and there needs to
be communication, but tensions may exist. NGOs aim to be neutral, impartial and
apolitical, whereas by the very the nature of military organisations they are neither
neutral nor apolitical. Some NGOs will not employ military healthcare staff including
reservists to support their missions or will require them to have a significant period
away from the military.

NGOs can determine their own mandate and mission which is guided by their own
values and beliefs. They may also decide not to work collaboratively with other NGOs,
as they may be competing or trying to attract more donor funding and be independent
and not reliant on others (Bricknell & Cameron, 2013). From a military perspective,
operations tend to be short and often withdraw once the political mandate has been
achieved. In the post-conflict period, there needs to be an integrated approach between
countries and the ‘myriad’ of humanitarian organisations (Sullivan et al., 2011).

Depending on the situation in recent years, there has been greater collaboration
between military and civilian organisations including local authorities, government
agencies, NGOs or international governments, resulting in joint training and oper-
ations (Ankersen, 2008). Humanitarian operations have demonstrated this joint
approach can be powerful. In 2014-2015 the Ebola virus outbreak in West Africa
was a disaster and a global risk. As part of the UK response, in conjunction with the
Department for International Development (DFID), the UK DMS worked with several
NGOs to provide an Ebola Treatment Facility in Sierra Leone (Davies et al., 20135).

Skills of healthcare professionals

As outlined in Chapter 2, the skills of the healthcare professionals in any resource lim-
ited environment are different than what they would expect in a high-income country.
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Recent UK operations in Afghanistan recognised that one six-week deployment pro-
vided the equivalent exposure to penetrating trauma similar to a three-year trauma
experience in the UK National Health Service (Ramasamy et al., 2010). Changes
to healthcare systems and training of healthcare professionals in Western countries
means often military healthcare professionals require significant training, competen-
cies and exposure to the types of conditions seen on operations (Beaumont & Allan,
2012). While treatments have advanced, they may not be able to be used within the
deployed environment and there is a requirement to teach older and simpler skills
which are still appropriate but have been replaced in back home (Ramasamy et al.,
2010). This highlights the importance of appropriate training and understanding of
the realities of deployed healthcare, so that appropriate decisions can be made.

For military critical care nurses responding to the changing challenges and threats
will always be a requirement of the military nurse. Professor Sir Michael Howard
(2015) famously said ‘No matter how clearly one thinks, it is impossible to anticipate
precisely the character of future conflict. The key is to not be so far off the mark that it
becomes impossible to adjust once that character is revealed’. While the future may be
uncertain, history has shown many advances and innovations in critical care have been
influenced by military experiences or being close to conflicts (Murray, 2011).
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Infection
prevention
control
considerations

Healthcare associated infections (HCAISs) are viewed as the most frequent adverse event
threatening patient safety globally (Allegranzi ez al., 2011). Critically ill patients often
develop multi-organ failure that requires complex invasive monitoring and treatments;
these factors increase the infection risk and challenge the healthcare team (Albarran
& Scholes, 2018). In LICs and LMICs, the incidence of HCAI in critical care units is
significantly higher than HIC, with infections ranging from 4.4% to 89.9% (Ulu-Kilic
et al., 2013; WHO, 2008). Surveillance and reporting of HCAIs is difficult as not all
countries have effective national systems in place. The WHO identified only 23 (16%)
out of 147 LICs had effective national surveillance systems for monitoring HCAIs
(WHO, 2010).
Critically ill patients are at significant risk of developing an HCAL due to:

e poor hand hygiene due to limited access to continuous running water or alcohol
hand gel;

increased antimicrobial resistance due to a lack of microbiology services;
effects of malnutrition;

limited access to sterilised equipment;

mechanical ventilation;

use of open suction catheters;

invasive lines, e.g. central venous catheters or peripheral cannula;
urinary catheters;

wounds, e.g. surgical site infections, pressure sores

e re-use of single-use items.

Standard precautions

Standard precautions, previously termed ‘universal precautions’, aim to reduce the
risk of blood-borne pathogens and other pathogens from recognised and unrecognised
sources (WHO, 2007). The principles of standard precautions include:
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e hand hygiene;

o hand washing (40-60 seconds): wet hands, apply soap, rub all surfaces, rinse
hands and dry thoroughly with a single towel. Use towel to turn off faucet
(Figure 8.1);

o hand rub (20-30 seconds): apply enough product to cover all areas of hands,
rub hands until dry (Figure 8.1).

appropriate use of gloves;

facial protection (eyes, nose and mouth);

gowns;

prevention of needle-stick injuries and correct disposal of sharps;
respiratory hygiene and cough etiquette;

effective environmental cleaning;

correct management and disposal of patient linen;

e correct disposal of clinical waste;

e cleaning and decontamination of patient care equipment.

Additional personal protective equipment (PPE) may be required in specific situations,
for example nursing a patient with a viral haemorrhagic fever (Chapter 25) or influ-
enza (Chapter 27).

Access to running water and hand hygiene

Hand hygiene is a major component of standard precautions and one of the most effec-
tive methods of prevention of transmission of HCAIs. However, access to continuous
running water is a problem for many hospitals. A study of 430 hospitals in 19 LICs
and LMICs identified that 34% did not have continuous running water (Chawla et al.,
2016). This impacts on healthcare workers’ ability to maintain basic hand hygiene
and increases the risk of exposing the patients and staff to hospital-acquired infections
and unsanitary conditions. A lack of running water may impact on hospitals’ ability
to clean and sterilise instruments, resulting in a delay in surgery and further patient
deterioration. If running water, soap and disposable hand towels are limited or inter-
mittent, this makes it difficult to maintain hand hygiene practices; as a solution, some
units store water in special containers.

Use of gloves

Single-use examination gloves can be either sterile or non-sterile. They are made from
natural rubber latex or synthetic non-latex materials, for example vinyl, nitrile and
neoprene (WHO, 2009). Healthcare workers, regardless of setting, may inappropri-
ately use and have an over-reliance on using gloves in clinical practice. Gloves do
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How to handrub? How to handwash?

WITH ALCOHOL-BASED FORMULATION WITH SOAP AND WATER

apply enough soap to

Apply a palmful of the product in a cupped
cover all hand surfaces.

hand and cover all surfaces.

Wet hands with water

R

right palm over left dorsum with palm to palm with
interlaced fingers and vice versa fingers interlaced

2

rotational rubbing, backwards and
forwards with clasped fingers of right
hand in left palm and vice versa

backs of fingers to opposing rotational rubbing of left thumb
palms with fingers interlocked clasped in right palm and vice versa

dry thoroughly with a

rinse hands with water .
single use towel

use towel to turn off faucet

20-30 sec 40-60 sec

~ 4

...once dry, your hands are safe. ...and your hands are safe.

WORLD ALLIANCE

TOPATIENT SAFETY <73\
DT A WHO acknowledges the Hopitaux Universitaires de Genéve (HUG), ‘y@\f}/ World Health

in particular the members of the Infection Control Programme, for their active participation in developing this material. \‘lA "y Org anization

October 2006, version 1

Figure 8.1 How to use hand rub and handwash

Reproduced with kind permission from the World Health Organization.
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not provide absolute protection and do not replace hand washing and hand rubs.
Unnecessary use of gloves is a waste of resources and may result in missed hand
hygiene opportunities (WHO, 2006).

In LICs and LMICs, often gloves are latex and powdered, which increases the risk of
latex allergy and dermatitis. The use of powder may be used if gloves are re-processed.
The re-processing causes the glove to stick together, and the powder allows the glove to
be worn. The WHO (2009) identified that the reprocessing of gloves should be avoided
as the integrity of the glove is reduced due to an increased risk of tears. The loss
of integrity provides a false confidence and exposes both the patient and healthcare
worker to potential infection. The WHO also identified the importance of appropri-
ate disposal of clinical waste and reported illegal recovery and recycling of discarded
gloves from hospital dumping areas. Often illegal practices, with uncontrolled or regu-
lated practices, adds a potential additional healthcare risk.

Antimicrobial resistance

The WHO (2018b) defines antimicrobial resistance (AMR) as ‘the ability of a micro-
organism to stop an antimicrobial from working against it’. This results in treatments
becoming ineffective. AMR is present in every country and is a real issue, due to over-
use and inappropriate and uncontrolled use of antibiotics, which has led to increased
resistance (Figure 8.2). Resistance has been found in TB, HIV, influenza and malaria.
Patients with these conditions often require admission to critical care either as a pri-
mary cause or as a complication.

AMR in healthcare is complex and involves production, distribution, prescription,
dispensing and administration of the antibiotic (Ayukekbong et al., 2017). Factors
exacerbating and affecting the quality of antibiotics may include poor drug quality,
counterfeit drugs, high ambient temperatures and humidity, poor storage (Ayukekbong
et al., 2017). Further challenges may include easy access to purchasing antibiotics
from vendors with little experience or knowledge of complications, dosage or indica-
tions. Patients may expect to be prescribed antibiotics as they believe it will cure them.
Doctors may prescribe broad-spectrum antibiotics, due to limited access to microbi-
ology services. This results in overuse of antibiotics and early de-escalation may not
happen due to a lack of microbiology information. The Centers for Disease Control
and Prevention (2017) identifies four actions to prevent the spread of AMR:

e DPreventing infection by following standard precautions, effective hand hygiene,
immunisations and good food preparation.

e Surveillance to identify trends and sources of infection.

e Improving antimicrobial prescribing and stewardship. Avoiding unnecessary and
inappropriate use of antibiotics; in critical care, this can be achieved by effective
daily microbiology rounds which review the patient’s condition, microbiology and
antibiotics, and amending or stopping antibiotics as appropriate.

e Developing new drugs and diagnostic tests to respond to AMR.
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Figure 8.2 Antibiotic resistance: how it spreads

Reproduced with kind permission from the World Health Organization.

Sterilising and re-using equipment

Within resource limited environments, sterilisation departments may not be central-
ised, with each unit being responsible for sterilising instruments. Re-use of medical
equipment is controversial due to the risk of cross-contamination due to inadequate
cleaning, disinfection and sterilisation, which may lead to cross-transmission of dis-
eases (Iserson, 2016). Unfortunately, this is a reality for many resource limited settings
and many single-patient-use items such as airways, oxygen masks and ventilator
tubing are reused, by employing a process of washing and immersing equipment in
various solutions including chlorine and glutaraldehyde. This practice is not uncom-
mon within critical care units (Association of Surgeons of Great Britain and Ireland
(ASGBI), 2014).
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Extreme care must be taken when using sterilising instruments; solutions including
glutaraldehyde may be effective but can cause allergic reactions to the skin and respira-
tory problems (Box 8.1) (ASGBI, 2014).

Box 8.1 Considerations when using glutaraldehyde
(ASGBI, 2014)

e Wear gloves, a mask and eye protection whenever handling instruments that
have been soaked in glutaraldehyde.

e Ideally, an extractor hood should be over the glutaraldehyde tank. If there is
no extractor hood, make sure the tank is placed in a large space with plenty
of good ventilation.

e Always check how long instruments should be submerged to kill bacteria
and viruses.

e Instruments must be rinsed in sterile water before use on any patient.

e If anyone has a sensitisation, they should not work near glutaraldehyde.

e Explore the potential of using other products which may be safer, for exam-
ple peracetic acid, which is non-toxic, but expensive.

While the re-use of the single-use items is controversial and less than ideal, it is
recognised as necessary to provide lifesaving care. Other aspects of medical equipment
may need to be improvised, for example the ICRC War Surgery manual (Giannou &
Baldan, 2010) identifies in extreme circumstances the following items may be used:

sterilised mosquito netting for hernia repair;

e recycling used surgical gloves, washed in hypochlorite solution, rinsed, dried,
powdered and autoclaved;

e cotton thread or fishing tackle for sutures;

e any sterile tube as a chest drain (Foley catheter, naso-gastric tube, IV giving set);

e chest drainage bottle made from jerry cans or plastic water bottles and fixing the
tubing with tape to prevent the end rising above the level of normal saline;

e urinary catheters used as naso-gastric or tracheal suction catheter.

Needle-stick injuries

All healthcare workers who use or are exposed to needles are at risk of a needle-stick
injury. Accidental exposure to blood-borne diseases is common, and the cost of
follow-up is an estimated $3000 per needle-stick even if no infection occurs (Habib et al.,
2011; International Council of Nurses, 2009a). Nurses suffer the most needle-stick
injuries, with an average of 1-4 sharps injuries per year, exposing them to over 20 dif-
ferent blood-borne infections (International Council of Nurses, 2009b). Unfortunately,
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unsafe sharps practices are common, and globally there remains a lack of policy and
regulations to protect healthcare workers from exposure (WHO, 2017).

Poor sharps practices may include having to re-use needles and syringes, no retracta-
ble finger pricking devices for use when checking blood glucose levels, no safety needles,
poor sharps safety, e.g. limited sharps boxes or having to use improvised sharps boxes,
bending needles or re-capping/re-sheathing needles. These practices pose significant
risks for both patients and healthcare workers. The WHO (2018a) estimated approxi-
mately 1.7 million people were infected with hepatitis B virus, approximately 315,000
with hepatitis C virus and an estimated 33,800 with HIV through unsafe injections by
healthcare workers.

The International Council of Nurses (2009a) has identified a series of standards
relating to nurses’ rights and how to protect yourself and others (Box 8.2). These
include:

e a comprehensive national policy on occupational health;

e establishment of occupational health services;

e access to health surveillance, ideally during working hours and at no cost to the
healthcare worker concerned;

e medical confidentiality of health surveillance;

e financial compensation for those exposed;

e participation in all aspects of protection provision.

Box 8.2 Sharps safety (Ross & Furrows, 2014)

e Sharps containers must be a suitable size for the needs of the department.

e Only approved sharps containers should be used.

e Sharps containers must be correctly assembled, with the lid securely attached
all the way around.

e Sharps containers should be clearly labelled and kept off the floor. Ideally
at waist height. Containers must be out of the reach of children/members of
the public.

e  Sharps containers should be signed and dated by the person assembling the
container. Details of the ward/hospital should also be identified.

e When the container is to no longer be used, the person locking the container
should sign and date the label.

e Do not overfill sharps containers. Containers may have a fill level’.

Organisations should have a policy and guidance on what to do in the event of a
needle-stick injury. Principles include the following:

e Encourage the site to bleed. Do not suck, scrub or squeeze it. Wash the area under
running water. Cover puncture site with a waterproof dressing.
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Irrigate splashes to nose, skin and mouth with running water; do not swallow.
Irrigate eyes with clean water or saline.

Report the incident immediately.

Immediately seek medical advice to commence post-exposure prophylaxis.

(Centers for Disease Control and Prevention, 2016; Ross & Furrows, 2014)

Care bundles

A care bundle is a ‘set of treatment goals [usually three to seven] that when grouped
and achieved together over a finite time span are believed to promote optimum out-
comes’ (Dellinger & Townsend, 2013). Examples of care bundles used in critical care
which aim to reduce HCAI include:

e ventilator care bundle (Chapter 14);
e central venous catheter insertion and maintenance care bundle (Chapter 17).

Care bundles are only effective if all the elements are completed consistently. To check
compliance audit and observations of practice should take place and the results shared
with staff.

Environmental considerations
Depending on the environment, extremes of temperature will affect:

e clectro-medical equipment and consumables, resulting in equipment degrading/
failing faster than expected;

e battery life, which may be reduced;

e equipment, which may not function in extremes of temperature and overheat
increasing risk of fire or explosion;

e storage of drugs and blood products, which may be compromised;

e maintaining a clean environment in wet or sandy environments;

o healthcare workers wearing personal protective equipment (PPE) becoming dehy-
drated or collapsing due to heat illness;

e providing care in elevated temperatures, e.g. working in the heat of the day or
performing CPR in a hot climate with no air conditioning;

e the clinical environment being unfit for its role, for example in a disaster working
in a makeshift hospital or a tented facility;

e lack of access to cleaning materials to perform adequate decontamination of
equipment or basic environmental cleaning;

e laundry facilities, which may be unable to process linen and ensure correct tempe-
ratures are reached to prevent cross-contamination;

e staff having limited access to laundry facilities for uniforms to be cleaned between
shifts or if they become soiled.
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HCALI are a significant risk for critically ill patients; healthcare staff have a vital role in
maintaining best practice with the resources available to prevent the spread of infec-
tions. Allegranzi et al. (2011) argue HCAI must be included in the WHO list of major
diseases contributing to the global burden of disease and the UN SDGs. Infection
prevention in a resource limited environment will be challenging, and nurses are faced
with practices, for example reusing equipment, or trying to challenge practices which
are deemed appropriate by others; equally, finding sustainable alternative solutions
with few resources will also be a challenge for the most experienced practitioner.
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Managing a
major incident
in critical care

A major incident (MI) is defined as an incident ‘where the number, type and severity
of live casualties, or location requires special response measures’ (Smith & Zakariah,
2016a). An MI can be classified as simple when the infrastructure, e.g. roads, bridges,
remains intact, whereas a compound MI occurs when there is a breakdown of infrastruc-
ture. A compensated MI is defined when medical resources can deal with the incident
compared to uncompensated when services are overwhelmed; this is termed a disaster
(Carter, 2014). MIs may not only be caused by a pre-hospital incident; but other inci-
dents may include pandemic influenza (Chapter 27), a family involved in an explosion
resulting in several children with severe burns all requiring critical care (Chapters 35
and 38) or a power failure within the hospital causing a critical loss of electricity.

Triage

During an MI, the hospital will need to adapt, prioritise and compromise to meet
the needs of the incident (Sinclair, 2017). Challenges for the hospital may include re-
focusing services to meet the needs of the major incident as it may already be chaotic
and overwhelmed even before the incident (Carlson et al., 2017). To prioritise patient
need, triage is used to identify those in need of immediate care. Triage needs to be fast,
reliable, reproducible, and easy to use and teach (Smith, 2012). Triage is a dynamic
process, and at each stage of the patient pathway they should be triaged, for example
at the scene and on arrival to hospital (Sinclair, 2017).

With limited pre-hospital emergency services, often patients will ‘self-triage’, mean-
ing those that are too sick often die at the scene or die before reaching the hospital.
Those who are not in immediate danger following the incident may deteriorate on the
way to the hospital and arrive critically ill. There are various triage categories and
codes used by different organisations and countries to triage patients. The commonest
system used is either the treatment (‘T”) or priority (‘P’) triage system (Smith, 2012):

e Red (T1 or P1): Casualties who are in immediate danger and require immediate
treatment, for example catastrophic haemorrhage.
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e  Yellow (T2 or P2): Casualties who are not in immediate danger, but are likely to
require surgery within two to four hours, for example casualties with complicated
fractures.

e Green (T3 or P3): Casualties with minor injuries who will eventually require
hospital treatment, for example simple fractures, lacerations.

e Blue (T4 Expectant/no priority)/Black (Dead): A patient who is dead or their inju-
ries are so severe they are unlikely to survive and cannot be saved with the limited
resources available.

T4 Expectant category

The term ‘expectant’ is given to casualties whose survival due to the severity of injuries
is unlikely, to the level of available care. (Carlson et al., 2017; Ministry of Defence,
2012). The T4 Expectant is the category that is the most ethically and emotionally
challenging triage category. The decision to use the T4 category is normally made by
the senior medical officer and not used routinely. If used, palliative care and pain relief
must be provided. Some organisations do not use the expectant category and only use
the ‘dead’ category.

Triage sieve and cards

The triage code is used within a triage sieve (Table 9.1) to filter and identify the sickest
casualties. If emergency medical services have already undertaken triage, patients may
arrive with a label, stating their triage category (Pictures 9.1, 9.2), any treatment given
and a unique patient identification number, which can be used for casualty tracking.
All healthcare workers need to be able to use the triage tool used within the emergency
department, as staff may be allocated to triage patients at the entrance to the hospital
to help identify the patients requiring immediate care and help with the flow into the
hospital.

Often casualties will present at the nearest hospital for treatment, even though
the hospital may not have the full range of services or resources to deal with the
influx. For hospitals responding to an influx of casualties, resources will be needed
to safeguard and maintain services for other patients with long-term conditions, for
example dialysis, cancer and those already admitted to the hospital who will need
ongoing care (Amatya, 2017). Once an Ml is declared, the hospital will need to rapidly
expand and reorganise its capabilities (Smith & Zakariah, 2016b). A unified approach
to MI planning follows the CSCATTT principles; this includes Command, Safety,
Communication, Assessment, Triage, Treatment, and Transport. Figure 9.1 outlines
an MI plan for a hospital.

Critical care nurses may be required to support the care of patients in emergency
departments and help with post-operative care; re-directing critical care staff helps
meet the short-term needs of other departments. The wider impact on the critical care
will mean the unit will be unable to prepare to receive casualties either post-operatively
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Command

Safety

Communication

Assessment

Triage

Treatment

Transport

Table 9.1 MI plan for a hospital

Decide who is in command.

Close the gates and entrances, to channel patients through a
single entrance.

Call in additional staff.

Ensure personnel have access to appropriate personal protective
equipment (PPE).
Ensure security of staff — what is the cause of the incident?

Compile a list of all patients admitted to the facility.
Allocate staff to manage enquiries about patients.

Information may come from a variety of sources including
social media (e.g. Twitter, Facebook), as well as radio and
television. This information may be conflicting, e.g. official
versus eye-witness reports of those arriving at the hospital.
Ongoing assessment of the incident and the hospital response
to re-allocate resources as appropriate and ensure the response
is effective.

Allocate staff to triage patients.
As patients arrive:

o Triage (Priority 1 (immediate), 2 (urgent), 3 (walking
wounded).

o Number all patients on arrival — ideally use a triage tag.

o Channel patients to the appropriate treatment area.

Apply surgical triage and prepare theatre list.
Assemble all bodies in a practical area for management by
police.

Only request diagnostically significant investigations.

Ensure T3 patients are monitored and re-assessed if any
deteriorate; re-triage and allocate to the appropriate area.
Ensure documentation including treatment given and valuables.
Start surgery as soon as possible and ensure appropriate post-
operative care.

Prepare ward for admissions and channel all stabilised patients
to wards.

Consider if appropriate transferring patients from critical care
to wards or other hospitals to create capacity.

Source: Smith & Zakariah, 2016b
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Picture 9.2 Example triage card which includes documentation, unique patient
identification number. If the casualty’s condition changes, the triage category is
changed and displayed
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Ministry of Defence, 2012

or directly from the emergency room. Also, critical care units may be unable to create
capacity for new patients and respond to in-hospital emergencies and potential admis-
sions, for example in-hospital cardiac arrests, acute deterioration of ward patients or an
obstetric emergency requiring a caesarean section may require critical care resources.
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All hospitals and departments must have an MI plan which includes training of
staff. The plan should include identification of surge capacity which can be used to
accommodate patients, action cards with key information for staff, determining what
additional equipment and resources are required/available (Smith & Zakariah, 2016b).
In the hospital setting, triage may consist of identifying patients who can be moved to
other wards or discharged home. While no formal ‘model” will be available to achieve
this, good clinical judgement by experienced healthcare professionals will need to be
utilised and may also include up-skilling families and community teams to help with
the patients’ ongoing needs.

While the immediate response to the MI will be dealt with quickly, the ongoing
impact to the hospital may last from days to weeks. Patients admitted will require
ongoing care, which may include return trips to theatres, ward and rehabilitation care.
In consequence, the hospital may not return to normal services for hours, days and
weeks after the incident.

Disaster management

Any MI will put additional pressures on an already stretched healthcare system; depen-
ding on the incident, this may tip the balance, resulting in services being no longer able
to function, leading to a disaster. The WHO defines a disaster as ‘a serious disruption
of the functioning of a community or a society causing widespread human, material,
economic or environmental losses which exceed the ability of the affected community
or society to cope using its own resources’ (WHO, 2017). The United Nations Office
for Disaster Risk Reduction (2015) reported 90% of disasters have been caused by
weather-related events and are increasing.

Many of the MI principles including triage, and CSCATTT principles and hospital
disaster/MI plan, can be used. During a disaster or conflict, it is unlikely critical care ser-
vices will be appropriate, as services may have been destroyed or become overwhelmed;
however, the skills of critical care nurses and doctors are likely to be invaluable in other
areas of the hospital. Governments may request assistance from other countries and
international organisations; however, to mobilise these resources may take time and
be influenced by political views. The Ebola outbreak in 2014 was a large-scale, gra-
dual onset natural disaster; initially, the political and international response was slow
(Shepherd-Barron, 2015). In consequence, healthcare workers needed to continue pro-
viding care until additional resources were made available; this put considerable strain
on an already stretched healthcare system and healthcare workers.

During a disaster, it may be appropriate to cohort seriously ill patients in one part
of the hospital and provide good nursing care (ICRC, 2013). Following the Pakistan
earthquake in 2005, within 24 hours renal dialysis and critical care were provided in
the basement of a destroyed hospital (Ryan, 2010). This was in direct response to the
needs assessment which identified many civilians had been crushed and entrapped,
causing crush syndrome and renal impairment. The capability of the care will depend
on the resources available; however, any slight increase in nurse to patient ratios may
allow for increased monitoring, administration of oxygen, analgesia and fluids and
observation for any signs of deterioration.
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During the Ebola outbreak in West Africa, critical care focused on avoiding and
correcting hypovolaemia, correction of electrolyte and metabolic abnormalities
and provision of oxygen, ventilation, vasopressors and renal replacement therapy
(Leligdowicz et al., 2016). With few staff and a highly contagious disease, there was
restricted continuous monitoring, with physiological observations being recorded
daily, and care focused on aggressive oral and occasional intravenous fluid resuscita-
tion. As the number of cases reduced and the number of healthcare personnel available
increased, greater assessment and monitoring was possible. Monitoring included vital
signs monitoring, urine output, gastro-intestinal and fluid balance monitoring. Over
time, the ability to provide oxygen, non-invasive ventilation, aggressive volume resus-
citation, enteral feeding, renal replacement therapy was possible (Leligdowicz et al.,
2016). During this outbreak, the role of critical care nurses evolved and spanned both
providing care but also training other healthcare professionals in fundamental critical
care skills.

Conflict and disaster provide a unique situation causing a breakdown in infrastruc-
ture; social structures and the hospital and staff are at risk of attack (Attar & Gupta,
2017). Healthcare staff may be required to undertake other tasks to keep the hospital
operational; this may include building and repairing the facility. These effects and
other degrading factors, for example limited sleep, extremes of temperature and staff
having to administer themselves in this environment, will be challenging (Attar &
Gupta, 2017). As outlined in Chapter 4, it is important to look after each other and
yourself in these stressful environments.

In summary, MIs and disasters are tragic events, which require healthcare systems
to respond. Hospitals need to develop effective planning, training and resources to
develop strong response systems to not only meet the needs of the incident but also
meet the ongoing health needs of the population at risk. While the international com-
munity may be able to provide elements of the response system, it is often the local
healthcare providers who are faced with the immediate and ongoing response and
provide most of the care in these situations. Critical care nurses have a skill set that can
be transferrable to other areas of the hospital and situations.
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Assessment of
the critically ill
patient

Critical care nursing is not just a list of skills or tasks provided to critically ill patients.
Nurses provide continuous observation and care to the patient and detect any deterio-
ration. To achieve this, a thorough patient assessment should be completed to identify
nursing needs and provide structured care. This chapter focuses on the recognition of
the deteriorating patient and the assessment of the critically ill patient. The assessment
principles can be applied in any situation, for example in the emergency department,
on a ward or in a critical care unit.

Recognition of the deteriorating patient

Recognition of the acutely ill patient may be difficult, due to the number of trained
staff, a limited number of nurses and low nurse to patient ratios, limited education
and resources, e.g. oxygen, pulse oximetry, sphygmomanometers to monitor and man-
age patients. Often the number of critically ill patients requiring critical care services
exceeds demands. Dart et al. (2017) conducted a point prevalence study of morbidity
in acute admissions to identify demand for critical care services in a university teaching
hospital in sub-Saharan Africa. Dart et al. (2017) used the UK National Early Warning
Scoring Tool (NEWS) and included HIV testing on adult patients on admissions to
filter, medical and surgical admission wards over 48 hours. The study found 71%
of patients tested were HIV positive, which was higher than expected, and 45% had
objective evidence of a ‘requirement for a critical care review and potential or proba-
ble admission to an intensive care unit’. In consequence, an acutely ill patient may be
initially managed on a ward, until a critical care bed becomes available.

Without an Early Warning Score (EWS) often recognition of the acutely ill patient
may be based on the nurses’ knowledge, intuition and skill of observation. If available,
using an EWS in resource limited environments may be limited due to tools not being
appropriate or sensitive enough to detect deterioration within the patient population,
a lack of equipment to complete full sets of observations and limited staff to respond
to deterioration. In Uganda, Kruisselbrink et al. (2016) outline the use of a Modified
Early Warning Scoring (MEWS) tool (Table 10.1), which has been developed specifically



Assessment of the critically ill patient 67

Table 10.1 Modified Early Warning Scoring tool

3 2 1 0 1 2 3
Systolic blood <70 71-80 81-100 101-199
pressure (mmHg)
Pulse rate (beats per <40 41-50 51-100 101-110 111-129 >130
minute)
Respiratory rate <9 9-14 15-20 21-29 30
(breaths per minute)
Temperature (°C) <35 35-38.4 >38.5
AVPU Score Alert \Y% P U

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

Source: Kruisselbrink ez al., 2016

for sub-Saharan Africa. As found with other studies, Kruisselbrink et al. (2016) found
patients with high MEWS exceeded the physical critical care capacity within the hospi-
tal, but concluded developing and using resources such as the MEWS allowed:

e grouping of unstable patients together to enable closer observation and monitoring
(including pooling of resources). In some hospitals, this area is termed an ‘acute bay’,
whereby patients identified at risk of deterioration are nursed nearest the nurses’
station, to increase observation and have access to oxygen and suction equipment;

e initiating individual and realistic treatments for the deteriorating patient, including
oxygen for hypoxia and intravenous crystalloid for hypotension;

e the MEWS to be used as a triage tool to identify the sickest patients, which allowed
treatment to either avert admission to critical care or death or initiate admission
to critical care.

EWS tools assist healthcare workers in identifying the deteriorating patient. However,
in practice, there can be an over-reliance on the tools used, or they are not effectively
used because full sets of observations are not recorded, and the frequency of observa-
tions may decline over time. Reasons for this are complex but may include low nurse
to patient ratios on the wards, and lack of diagnostic tools, resources and staff to
respond to the deteriorating patient (Asiimwe et al., 2014).

Critical care nurses may be called up to review an unwell patient in the emergency
department or in a ward setting. As outlined in Chapter 6, appropriate critical care
admission guidelines will help identify suitable patients who may benefit from critical
care interventions. Before transferring a critically ill patient, they must be stabilised
first; recommendations are outlined in Box 10.1. Prioritising care using the Airway,
Breathing, Circulation, Disability (neurological) and Exposure approach provides struc-
ture and identification of potentially life-threatening conditions and prioritises care.
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Box 10.1 Core standards to be completed
prior to admission to critical care
(Mwewa & Mweemba, 2010)

To be completed before admission to critical care:

e  Secure airway; all patients in respiratory distress should be intubated before
transfer to ICU.

e Baseline procedures, e.g. intravenous cannulas, naso-gastric tube insertion,
intercostal drainage tube insertion, urethral catheterisation.

e  Stat doses of drugs should always be given and signed for.

e All patients who are unconscious should have their blood glucose level
checked to rule out hypoglycaemia.

e Patients with head injuries must have Glasgow Coma Scale completed and
pupil size and reaction assessed and recorded.

e Critical care nurses should be informed in advance about the patient and
include a detailed handover.

Assessment of the critically ill patient

A patient assessment must be completed immediately following handover, on admission
or if you have any concerns with the patient’s condition. Assessment includes safety
checks of emergency equipment, infusions, ventilator, monitor settings and patient

checks (see Table 10.2).

Table 10.2 Considerations when assessing a critically ill patient

Emergency Oxygen and suction are immediately available at every bed-space.
equipment Check each bed-space has a spare oxygen cylinder, either three-
quarters full or full.
Portable, battery-operated suction should also be available within
the unit.

Bed-space Each bed-space should have:

layout — equipment which may be used frequently or in an emergency, e.g.

syringes, needles, gauze. Ideally, this equipment should be kept
covered (in drawers or boxes);

— an appropriately sized sharps box. This should be kept off the
floor and out of reach of children or confused patients.
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Alarm checks

Patient safety
checks

Airway
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Table 10.2 Continued

Ensure your personal safety — wear appropriate PPE.

Introduce yourself to the patient (remember even though your
patient may be semi-conscious or unconscious they may still be
able to hear, so talk and explain all procedures and interventions to
reassure your patient).

Look at the patient in general — your first impressions are
important. Do they look uncomfortable, breathing fast, sweaty?

Check the monitor and ventilator alarm limits are appropriate and
not silenced.

It is important appropriate alarms are set so that nurses and
healthcare workers do not become desensitised to the alarms and
fail to respond to an emergency.

Transducers:

— Zero arterial and central venous catheter transducer sets

— Check transducer pressure bag is set to 300mmHg

— Check pressure bag fluid is 0.9% Sodium Chloride

— Transducer table in line with the phlebostatic axis (4th intercostal
space, mid axillary line)

Does the patient have a name band on? Is the information correct (check
against the patient’s medical notes, drug chart/observation charts)?

Any allergies are clearly documented in the patient’s notes and drug
chart.

Ventilator connected to an uninterrupted power supply.

Intravenous infusions are correct (check against drug chart).

Is the airway patent?
Any signs of a partial or fully occluded airway?

— Is the patient talking in full sentences?
— Signs of obstruction (choking)?
— Noisy breathing, (stridor, gurgling or wheeze)?

Does the patient have an airway adjunct in place?
What type and is it effective?

— oropharyngeal airway (OP)
- nasopharyngeal airway (NP)
— laryngeal Mask Airway (LMA)
— endo-tracheal tube (ETT)
— tracheostomy tube (TT)

ETT specific checks:

Date of grade of intubation and/or any complications?
Size at ETT

Length at teeth

— Is the tube secure?
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Table 10.2 Continued

— Any signs of pressure damage from the ties, e.g. corners of mouth?
— Last time suctioning performed?
— If available:

o ETT cuff pressure
o EtCO,

TT specific checks:

— Bedside emergency TT kit available?
— Size of TT?
— Type of tube?

o Does it have an inner tube?
o When was the inner tune last checked/changed/cleaned?

— Is the TT secure?
— Any signs of pressure damage from the ties?
— TT dressing clean and intact?

— Last time suctioned?
— If available:

o TT cuff pressure
o If ventilated EtCO,

Breathing Is the chest moving ok?
Assess respiratory rate, rhythm and depth.
Is the patient on supplementary oxygen?

— How much oxygen is the patient on?

— What type of oxygen delivery system is being used, e.g. venturi
mask, non-re-breath mask, ventilated?

— Are you using an oxygen cylinder? If so, how much is left? Are
spares available on the unit?

Assess oxygen saturations.
Assess arterial blood gases.
Respiratory effort:

— Any signs of distress?
— Accessory muscle use?
— ‘See-saw’ breathing?
Auscultate chest.

Is the patient ventilated?

— If so, what mode of ventilation used? Is it effective?
Tracheal sections?

— When were they last suctioned?

— What was the colour, type and consistency of secretions?

— Is a sputum specimen required? When was one last sent and what
where the results?
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Table 10.2 Continued

Any forms of humidification?

— Nebulisers (frequency and type)
— Humidification circuit
— Heat, moist exchange (HME) filters

Does the patient have a chest drain?

— Reason for insertion?

Date inserted?

Size and type?

Swinging, draining and bubbling?
Dressing intact?

Is the patient clammy, cold or warm to touch?
Pulse rate, rhythm and strength (compare central versus peripheral)
Cardiac monitoring?

— Cardiac rhythm (Chapter 15)
— Alarm limits appropriate

Blood pressure:

— Arterial/non-invasive
- Non-invasive — appropriate sized cuff, time cycle for readings?
— Mean arterial pressure (MAP)

Central venous pressure measurements. Within appropriate parameters?
Any cardiac drugs in progress?

— Anti-arrhythmic, e.g. digoxin, amiodarone
— Vaso-active drugs, e.g. adrenaline

Measure central and peripheral perfusion pressure.
Core temperature.
Neurovascular observations:

— Pedal pulses present
— Peripheral perfusion
— Colour, warmth, sensitivity

Urine output >0.5ml/kg/hr
Any sources of fluid loss?

- Wounds

— Surgical drains

— Naso-gastric aspirates
— Bowels

— Burns

— Insensible losses

IV fluids in progress?
— Type
— Speed
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Disability
(neurological
assessment)

Table 10.2 Continued

Skin turgor

Fluid balance (previous 24 hours)

Vascular access:

- Type

— Location

— Size

— Date inserted

— Line patent?

— Dressing intact

— Signs of infection?

Assess blood results (Tables 10.3-10.5). Reference ranges may vary
between laboratories and hospital and are shown as a guide:

— When last taken?
— White cell count

- Haemoglobin level
— Clotting

— Urea and creatinine
— Potassium

— Magnesium

— Phosphate

— Blood glucose levels

Does the patient require bloods, Cross Match or Group and Save?

Examine pupils (size, equality and reaction to light)?
Assess Glasgow Coma Scale and/or Alert, Voice, Pain, Unresponsive.

Glasgow Coma Scale

Eyes

Verbal response

Motor response

4 Spontaneous

3 To voice

2 To pain

1 None

5 Orientated

4 Confused

3 Inappropriate words

2 Incomprehensible sounds
1 None

6 Obeys commands
5 Localises to pain
4 Withdraws

3 Abnormal flexion

2 Abnormal extension
1 None
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Table 10.2 Continued

Pain assessment? (Chapter 19)
— Use of an appropriate tool?
Sedation assessment?

— Use of an appropriate tool?
— Is the patient:

combative?

very agitated?

restless?

calm and alert?

drowsy?

lightly sedated — responds to voice?

moderately sedated — movement or opening eyes to voice?
deeply sedated — no response to voice, but movement or eye
opening to physical stimulation?

o unrousable — no response to voice or physical stimulation?

O O O O O O O O

— Any analgesic and sedation drugs: continuous infusion, regular or
as required?

o Are they working?
o Do these infusions need to be increased or decreased?
o Last time a sedation hold was completed?

History of seizures?

— Reason for seizures?
— When was last seizure?
— Any medication given?

Blood glucose level (including last time checked).

Any rashes or other wounds?

Any signs of abdominal distension?
Bowel sounds present?

Bowels last opened?

Nutritional status — oral fluids, enteral feeding, etc.
Are the calves swollen or tender?
Deep vein thrombosis prophylaxis?
Peripheral oedema

Skin/colour mucosa

Assess pressure areas.

When was the patient last turned?
Assess the patient’s eyes:

— Assess eyelid closure

— Assess each eye using a bright light for signs and symptoms of
infection or disease, e.g. redness, discharge, conjunctival swelling,
haziness or cloudiness of the cornea, patches or spots on the cornea
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Table 10.2 Continued

Assess the patient’s mouth:

Are they dry?

Finally! Have a look at the charts:

Signs of infection?
— Last time eye and mouth care performed?
— Do you need to give eye and mouth care?

— Observation chart: trends, the frequency of observations recorded
— Medical notes and specific information/plan?

— Drug chart: any allergies?

Any spiritual/religious needs?

Communication aids required, e.g. glasses, language?
Next of kin/family aware of admission and current condition?

Next of kin details checked and correct?

Document your findings and make an appropriate nursing plan.

Sources: Birmingham City University, 2017; Marsden & Davies, 2016; Resuscitation Council (UK),

2016

Table 10.3 Biochemistry normal ranges

Test

Albumin

Alkaline phosphatase (ALP)
Aspartate aminotransferase (AST)
Amylase

Bilirubin (total)

Calcium

Chloride

Creatine kinase

Creatine

Glucose
Potassium
Sodium
Magnesium

Urea

Range

36-47¢g/L

25-115u/L

10-35u/L
0.4-174ukat/L, 200u/L
3.5-17umol/l
2.20-2.67mmol/L
100-106mmol/L

0.94-2.89ukat/L
0.51-2.3ukat/L

60-120umol/L
Male: 24-194u/L
Female: 24-170u/L

4—-6mmol/L
3.5-5mmol/L
135-145mmol/L
0.75-1.2mmol/L
2.5-6.7mmol/L
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Table 10.4 Haematology normal ranges

Test Range
Red blood cells Male: 4.5-6.5 x 10"%/L
Female: 3.8-5.3 x 10'%/L
White cell count 4-11 x 10°/L
Haemoglobin (Hb) Male: 13-18g/dl
Female: 11.5-16.5g/dl
Haematocrit Male: 0.42-0.531/L
Female: 0.32-0.451/L
Lymphocytes 1.5-4.0 x 10°/L
Monocytes 0.02-0.08 x 10°
Neutrophils 3.5-7.5 x 10°/L
Platelets 150-400 x 10°/L
Erythrocyte sedimentation rate (ESR) Male: 1-10mm/hour

Female: 3-15mm/hour

Table 10.5 Coagulation normal ranges

Test Range
International normalized ratio (INR) 2.0-3.0
Activated partial thromboplastin time (aPTT) 30-50sec
Prothrombin time (PT) 16—18sec
Fibrinogen 2-4glL
D-Dimer <1.37nmmol/L

Sources: Peate, 2009; Skinner, 2005
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Medicines
management
and useful
calculations

In critical care, nurses often administer multiple high-risk medicines via bolus or infusions
(e.g. potassium and vasopressor drugs) simultaneously to a critically ill patient. In
this chapter, the practicalities of drug administration in resource limited environments
including medication errors, useful/commonly used drug calculations and potential
complications including anaphylaxis will be outlined.

Medication errors

Unsafe medication practices and errors are recognised as leading causes of injury and
avoidable harm globally. In 2017, the WHO launched its Third Global Patient Safety
Challenge ‘Medications without Harm’, with the aim of reducing avoidable harm by
50% by 2022 (WHO, 2018). The challenge facing each country differs; patients in
low- and low-middle income countries ‘experience twice as many disability-adjusted
life years lost due to medication-related harm than those in high-income countries’
(WHO, 2017) and medication errors are common (Feleke et al., 2015; Rowe et al.,
2005; Bull ez al., 2017). Medication errors are defined as ‘any error in the prescribing,
dispensing or administration of a drug’ (Feleke et al., 2015). Weak medication systems
coupled with human factors as outlined below contribute to medication errors:

e High workloads.

e Exhaustion, including those working night shifts who have had disturbed sleep
which leads to performance impairment and exhaustion.

e  Few staff to second check drugs.

e Low nurse/patient ratios.

e Lack of training, education and motivation of staff to change practice or understand

the rationale for doing things differently.

Dealing with drugs and patients you are unfamiliar with, e.g. children.

Errors with drug packaging looking similar or drugs sounding alike.

Illegible handwritten prescriptions.

Inaccurate documentation and poor communication at handover.

Failure to check patient identification.

Storage of similar drugs in the same area.
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e Environmental factors including nurses being interrupted during drug rounds.
e Difficulty in accessing medication resources, e.g. formularies or the internet to
check drug dosages; ideally you should have access to local or national IV guides.
(Feleke et al., 2015; Rowe et al., 2005;
Bull et al., 2017; WHO, 2007, 2017)

Preparing to give a medication

To prevent medication errors amongst nurses, you may find the following guidance
useful:

Always use a calculator (make sure you take one (or more) with you).

Have examples of common formulas used in your clinical area.

Training of staff.

Policy and monitoring of prescribing, dispensing and administration of drugs.
Medication management requires multi-professional input; therefore a collabora-
tive approach is required to reduce the risk of errors.

e Have access to a local, national formulary in the department.

e Ifyouare in doubt, do not administer the drug and seek advice from the pharmacist
or the prescriber.

(Bull et al., 2017; Cavell et al., 2014; Raza et al., 2016;
Feleke et al., 2015; Rowe et al., 2005)

Prior to administration of any drugs (particularly injectable and controlled drugs),

they must be double-checked independently, by another practitioner who repeats the
calculation independently and then compares answers (Cavell et al., 2014).

Commonly used abbreviations

Kilogram kg

Gram g

Milligram mg

Microgram should be written as microgram
Nanogram should be written as nanogram
Litre L

Millilitre ml or mL

Units of international units should be written as units or international units

Millimoles mmol

The following should be avoided:

e  Use of fractional doses, e.g. 0.5g to prevent error should be written as 500mg.
e  Unnecessary decimal points, e.g. Smg not 5.0mg.
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Converting units of weight and volume

Weight

1kg =1000g

1g =1000mg

1mg = 1000micrograms

Imicrogram = 1000nanograms
Volume

1L =1000ml

1ml = Weighs 1g

1000ml = Weighs 1000g or 1kg

Some drug dosages may be calculated on bodyweight or body surface area, e.g. paediatrics.

Calculating oral doses in tablets

Check the amount of drug in each tablet or capsule.

Check the dose on the prescription and that it has the same unit on the medicine
label. You may need to convert. Then use the following calculation to work out the
number of oral tablets required.

Dose

Number of tablets =
Hmber ot fabiels Strength of tablet

Calculating intravenous drug doses

Dose x volume of solution in ampoule

Volume required = -
Amount of drug in ampoule

Calculating infusion rates for infusion devices

This may be prescribed as either volume or amount of drug per hour or minute.
Volume in ml per hour:

Total volume of infusion (ml)

=ml per hour
Duration of infusion (hour) 4

Amount of drug in mg per hour:

Total dose in mg = mg per hour

Duration of infusion (hour)
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Syringe pumps, volumetric pumps and gravity giving sets

In resource limited environments, access to syringe pumps and volumetric pumps may
be limited. Syringe pumps are used when small doses and volumes of highly concen-
trated drugs need to be infused at low flow rates. The volume of the fluid is determined
by the size of the syringe used. These devices tend to be calibrated for delivery in milli-
litres per hour. Whereas volumetric pumps deliver fluid from an infusion bag or bottle
via an administration set and work by calculating the volume delivered. Large volumes
of fluid can be administered this way. Prior to using any infusion devices, nurses need
to check they have received appropriate training in the use of these devices, to prevent
potential complications and medication errors.
Types of gravity flow infusions include:

e a drug administration set, e.g. 0.9% sodium chloride;
e a blood administration set;
e  burettes administration set used to administer paediatric infusions.

Check the administration (giving) set for the number of drops per ml. This is located
on the packaging and varies between manufacturers. You will require this information
to calculate the drip rates.

Volume in mlx number of drops per ml

Number of drops per minute= . . St S
Intended duration of infusion(in minutes)

For example, a 1000ml of sodium chloride 0.9% infused over 8 hours.

1000ml x 20 drops per ml

=42d inut
430min rops per minute

Inotropes
Calculating mcg/kg/min

Converting mg to mcg
Drug (mcg) divided by total amount diluted (ml) divided by 60 (time) divided by
patient’s weight (kg) multiplied by the rate (ml/hr).

For example, 4mg Noradrenaline in 50ml of 5% dextrose running at 3ml/hr. The
patient weighs 80kg:

4000 + 50 = 60 + 80 x 3 = 0.05mcg/kg/min

While there are no internationally agreed standards for medication concentrations in
adult critical care, Table 11.1 outlines commonly used concentrations. Using agreed
standardised concentrations helps to improve prescribing, forms a critical step in patient
safety and efficient use of resources in critical care (Intensive Care Society, 2017).
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Table 11.1 Common medication concentrations in adult critical care areas

Drug

Morphine

Fentanyl
Alfentanyl

Remifentanil

Midazolam

Clonidine

Dexmedetomidine

Adrenaline
(epinephrine)

Noradrenaline
(norepinephrine)

Dobutamine

Dopamine

Vasopressin
(argipressin)

Amiodarone
(loading dose)

Example fluid
composition

50mg in 50ml
100mg in 50ml

2.5mg in 50ml
25mg in 50ml

2mg in 40ml
Smg in 50ml

50mg in 50ml
100mg in 50ml

750micrograms in SOml

200micrograms in 50ml.
400micrograms in 50ml

4mg in 50ml
8mg in 50ml
16mg in 50ml

8mg in 100ml
16mg in 100ml
32mg in 100ml

4mg in 50ml
8mg in 50ml
16mg in 50ml

8mg in 100ml
16mg in 100ml
32mg in 100ml

250mg in 50ml
500mg in 100ml

200mg in 50ml
400mg in 50ml

20 units in 50ml

300mg in 50ml
300mg in 100ml

Concentration

1mg/ml
2mg/ml

50micrograms/ml
500micrograms/ml

50micrograms/ml
100micrograms/ml

1mg/ml
2mg/ml

1Smicrograms/ml

4micrograms ml
8micrograms/ml

80micrograms/ml
160micrograms/ml
320micrograms/ml

80micrograms/ml
160micrograms/ml
320micrograms/ml

80micrograms/ml
160micrograms/ml
320micrograms/ml

80micrograms/ml
160micrograms/ml
320micrograms/ml

Smg/ml
Smg/ml

4mg/ml
8mg/ml

0.4units/ml

6mg/ml
3mg/ml

Central (C) or
Peripheral (P)
administration

C/P
C/P

C/P
C/P

C/P
C/P

C/P
C/P

C/p

C/p
C/pP

OO0 OO OO0 OO0 OO0 OO0

C/P

oN@!
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Table 11.1 Continued

Drug Example fluid Concentration Central (C) or
composition Peripheral (P)
administration
Amiodarone 300mg in 50ml 6mg/ml C
(continuous 600mg in 50ml 12mg/ml C
infusion) 900mg in 50ml 18mg/ml C
300mg in 500ml 0.6mg/ml C
600mg in 500ml 1.2mg/ml C
900mg in 500ml 1.8mg/ml C
Heparin 20000units in 50ml 1000units/ml c/p
25000units in 25ml 1000units/ml C/P
Magnesium 20mmol in 50ml 0.4mmol/ml C
sulphate 20mmol in 100ml 0.4mmol/ml C
50mmol in 500ml 0.1mmol/ml C/P
Insulin 50units in 50ml 1 unit/ml C/pP

Source: Intensive Care Society, 2017

Potential complications

Potential complications of intravenous care are outlined in Chapter 17. A serious
complication of any administration of drugs is anaphylaxis. Anaphylaxis is defined
as a ‘severe, life-threatening, generalised or systematic hypersensitivity reaction.
Characterised by rapidly developing life-threatening airway and/or breathing and/or
circulation problems usually associated with skin and mucosal changes’ (Resuscitation
Council (UK), 2016. p. 133). The trigger could be food, drugs, stinging insects and
latex. In the hospital environment triggers including latex (gloves, masks) and medi-
cations including muscle relaxants, antibiotics, nonsteroidal anti-inflammatory drugs,
aspirin, and CT contrast are the commonest causes.

The signs and symptoms of anaphylaxis can be associated with other conditions.
Differential diagnosis includes life-threatening asthma, hypotension (or normal BP in
children) with petechial or purpuric rash caused by septic shock. Non-life-threatening
conditions include fainting (vaso-vagal episode), panic attack, breath-holding episode
in a child, idiopathic (non-allergic) urticaria and angioedema. Non-life-threatening
conditions tend to respond to simple interventions. Life-threatening anaphylaxis is
likely if there is:

e sudden onset and progression of symptoms;
e life-threatening airway, breathing and/or circulation problems;

o airway: airway swelling: throat, tongue swelling, difficulty in breathing,
swallowing and the patient feels their throat is closing up;
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'] Resuscitation Council (UK)

Anap.hyIaXIS [ Anaphylactic reaction? ]
algorithm v

Airway, Breathing, Circulation, Disability, Exposure ]
k4

Diagnosis - look for:
* Acute onset of illness
» Life-threatening Airway and/or Breathing
and/or Circulation problems '
* And usually skin changes

v
« Call for help
« Lie patient flat
* Raise patient’s legs

Adrenaline 2
L 2

When skills and equipment available:
* Establish airway

* High flow oxygen Monitor:
* |V fluid challenge 3  Pulse oximetry
* Chlorphenamine * *ECG

* Hydrocortisone °

« Blood pressure

1 Life-threatening problems:

Airway: swelling, hoarseness, stridor
Breathing: rapid breathing, wheeze, fatigue, cyanosis, SpO, < 92%, confusion
Circulation:  pale, clammy, low blood pressure, faintness, drowsy/coma

2 Adrenaline (give IM unless experienced with IV adrenaline)
IM doses of 1:1000 adrenaline (repeat after 5 min if no better)

* Adult 500 micrograms IM (0.5 mL)
* Child more than 12 years: 500 micrograms IM (0.5 mL)
* Child 6 -12 years: 300 micrograms IM (0.3 mL)
¢ Child less than 6 years: 150 micrograms IM (0.15 mL)

Adrenaline IV to be given only by experienced specialists
Titrate: Adults 50 micrograms; Children 1 microgram/kg

4 Chlorphenamine

(IM or slow V)
Adult or child more than 12 years 10 mg
Child 6 - 12 years 5mg
Child 6 months to 6 years 2.5 mg

Child less than 6 months 250 micrograms/kg

3 |V fluid challenge:

Adult - 500 — 1000 mL
Child - crystalloid 20 mL/kg

Stop IV colloid
if this might be the cause
of anaphylaxis

5 Hydrocortisone
(IM or slow IV)
200 mg
100 mg
50 mg
25mg March
2008

5th Floor, Tavistock House North, Tavistock Square, London WC1H 9HR
Telephone (020) 7388-4678 « Fax (020) 7383-0773 « Email enquiries@resus.org.uk
www.resus.org.uk ¢ Registered Charity No. 286360

Figure 11.1 Resuscitation Council (UK) anaphylaxis flowchart

Reproduced with kind permission from the Resuscitation Council (UK).
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o breathing: shortness of breath, tachypnoea, wheeze, patient becoming tired,
confusion, cyanosis (late sign), respiratory arrest;

o circulation: signs of shock, tachycardia, hypotension, decreased level of con-
sciousness, ischaemic myocardial changes and ECG changes, cardiac arrest;

e skin and/or mucosal changes (flushing, urticaria, angioedema);

o this may be subtle or dramatic;

o erythema (patchy or generalised rash);

o although skin changes can look serious, without problems with the patient’s
airway, breathing and circulation do not mean the patient has anaphylaxis.

Treatment includes the following;:

Stop the trigger, e.g. remove latex (gloves, Ambu masks), stop the infusion.

Positioning.

Administration of high flow oxygen.

In adults, administration of adrenaline 0.5ml (500mcg) 1 in 1000 intra-muscularly.

Remember this has a short action, therefore repeated doses at five-minute intervals

may be required.

e IV fluid resuscitation. Boluses of crystalloid and monitor response. Large volumes
of crystalloid may be required. Avoid colloids.

e Other drugs may include bronchodilators, e.g. salbutamol for wheeze; anti-
histamines, e.g. chlorphenamine, may help with histamine-mediated vasodilation
and bronchoconstriction. Steroids, e.g. hydrocortisone, which may prevent or
shorten protracted reactions.

e If you are concerned this could be asthma, treat as life-threatening asthma.

e In the event of airway obstruction, early tracheal intubation will need to be per-

formed. If tracheal intubation fails, a surgical airway may be required.

See Figure 11.1.
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In-hospital
resuscitation

Critically ill patients are at risk of cardio-respiratory arrest and all hospitals should
have approved resuscitation guidelines and training for staff. Hospitals may follow
current international or regional resuscitation guidelines and the skills and emergency
equipment available may vary, due to:

e limited availability emergency equipment;

e frequency at which equipment is checked;

e cquipment may differ from what you have used previously, for example hand-held
paddles for manual defibrillation;

e training of staff and in the use of equipment may be limited.

During your induction you should be made aware of the actions in an emergency (call-
ing resuscitation team, location of emergency equipment), training in the resuscitation
equipment and protocols used.

Each critical care unit must have an emergency trolley which includes essential
emergency equipment (Box 12.1). This list is not exhaustive and may vary depending
on the types of patients admitted, for example a critical care unit that accepts paediat-
ric patients must have paediatric resuscitation equipment available.

Box 12.1 Emergency cardiac arrest equipment

e Personal protective equipment.

e Sharps box.

e Defibrillator.

e Depending on the type of defibrillator self-adhesive pads, pads or gel.
e Airway and breathing:

o Portable oxygen.

o Portable suction with a rigid suction catheter (Yankeur) and assorted
sized tracheal suction catheters.

o Oxygen mask with reservoir bag (bag, valve mask).
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o Clear face masks (sizes 3, 4, 5).

o Oropharyngeal airways (sizes 2, 3, 4).

o Nasopharyngeal airways (sizes 6 and 7).
o Laryngeal mask airways.

o Lubricating gel.

o Oxygen tubing.

o Magill forceps.

o  Stethoscope.

O

Intubation equipment (as outlined in Chapter 13).

e Circulation:

ECG electrodes.

Razor.

IV cannulas (assorted sizes).

IV dressings.

Selection of needles and syringes.
Tape.

Gauze.

Arterial blood gas syringes.
Intra-osseous device and needles.
Abbo catheters/central line.
Saline ampoules.

O O 0O o0 O O O O O O O

e Drugs:

o IV fluids (Hartmann’s (Ringer’s Solution), 5% dextrose. 0.9% sodium
chloride).

o IV giving sets.

o Emergency drugs (adrenaline 1 in 10000, atropine, amiodarone) either
ampoules or pre-filled syringes.

The sequence of actions after an in-hospital cardiac arrest depends on the following
factors (Resuscitation Council (UK), 2016):

e location (clinical/non-clinical; monitored/unmonitored patient);
e skills of the first responders;

e number of responders available;

e equipment available;

e hospital response, e.g. cardiac arrest team.

Critical care nurses may be required to respond to cardiac arrest calls on wards as
part of the cardiac arrest team. In consequence, your role will be determined by the
situation. In critical care, patients are likely to be monitored, which will allow for clin-
ical deterioration and cardio-respiratory arrest to be identified rapidly (Resuscitation
Council (UK), 2016).

Figure 12.1 outlines the initial management of a collapsed patient.
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GUIDELINES

” Resuscitation Council (UK) It In-hospital Resuscitation

patient

M

Shout for HELP and assess }

Figure 12.1 In-hospital resuscitation algorithm

Reproduced with the kind permission of the Resuscitation Council (UK).
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Step 1: Maintain your personal safety.

As you approach the patient, put on PPE especially if the patient has a suspected
or confirmed infection.

Be careful of sharps that may be left lying around; any sharps should be immedi-
ately disposed of in an approved sharps box.

Be careful if you need to move an unconscious, collapsed patient.

Take care if the patient has been exposed to poisoning, e.g. organophosphates that
can be absorbed through the skin or respiratory tract.

Step 2: Check for a response.

Gently shake the patient’s shoulders and ask them loudly ‘Are you all right?’. This
procedure is known as the ‘shake and shout’.

If other staff are immediately available, call for emergency equipment.

If the patient does not respond:

o turn the patient onto their back;

o open the airway using a head, tilt chin lift or jaw thrust if you are concerned
about a cervical spine injury;

o while keeping the airway open:

o look, listen and feel for breathing and simultaneously check for a carotid
pulse (if you are not trained to check for a carotid pulse, look for ‘signs
of life’);

o take no more than ten seconds;

o agonal breathing (gasping or occasional breaths) is common in the initial
stages of cardiac arrest and should not be confused with normal breathing.

Step 3A: If there are signs of life or a carotid pulse.

Assess the patient using the A—E approach (Chapter 10) and call for urgent help.
Do not leave the patient unattended.

Step 3B: If there are no signs of life or no carotid pulse.

Immediately start cardio-pulmonary resuscitation (CPR):

o Thirty chest compressions and two ventilations using a bag, valve mask (also
known as a self-inflating bag), with reservoir attached to high flow oxygen.

o Chest compressions should be performed by placing the heel of your hand
in the centre of the chest. Place the other hand on top.

o Ensure high-quality chest compressions by achieving a depth of 5-6 cm
and a rate of 100-120 compressions per minute.

o Allow the chest to fully recoil and minimise any interruptions to chest
compressions.

o You may need to raise or lower the bed height to achieve the best position
for chest compressions.
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o Chest compressions can be tiring, therefore the rescuer should be changed
regularly (approximately every two minutes).

o Geta colleague to call the resuscitation team and bring the emergency equipment
to the bedside.

o Work as a team; secure the patient’s airway using an oropharyngeal airway,
LMA or intubation (Chapter 13). This will depend on the skills of the team
and equipment available.

o Ifthe patient is attached to a mechanical ventilator, increase the oxygen to 100%
and set a mandatory mode of ventilation to deliver 10-12 breaths per minute.

When the defibrillator arrives, do not stop chest compressions; apply the leads/
pads around the nurse performing chest compressions.

Once the defibrillator is attached and switched on, stop chest compressions and
assess the rhythm (see below).

Depending on the rhythm, this will determine the course of action. Shockable
rhythms are ventricular fibrillation (VF) and pulseless ventricular tachycardia
(VT). Non-shockable rhythms are pulseless electrical activity (PEA) and asystole.
The rhythm check should take no longer than five to ten seconds.

Immediately following defibrillation or confirmation of a non-shockable rhythm
chest compressions should immediately commence for two minutes.

During this time the airway should be secured if not already done. IV or IO access
achieved (Chapter 18), prepare or administer any drugs and look for reversible
causes of cardiac arrest. Reversible causes include:

hypoxia;

hypovolaemia;

hypo/hyperkalaemia and metabolic disorders;
hypothermia;

tension pneumothorax;

cardiac tamponade;

toxins (drugs);

thrombosis.

O O O O 0O O O O

See Figure 12.2.

Step 4: Return of spontaneous circulation (ROSC):

CPR should only be stopped during a two-minute cycle if there are signs of life,
e.g. regular breathing or movement. If a pulse is present, immediately assess the
patient using the A—E approach (see Figure 12.3).

Vascular access

Vascular access is outlined in Chapter 18. All cardiac arrest drugs can be given via the
IV or 10 route. Following administration of any drug, ensure that a large ‘flush’/bolus
of saline is given after to ensure the drug reaches the central circulatory system.
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” Resuscitation Council (UK) pifl]  Adult Advanced Life Support

Call resuscitation
team

CPR 30:2
Attach defibrillator/monitor
Minimise interruptions

v

Return of spontaneous
circulation

\ 4
4 B\
Immediate post cardiac
arrest treatment

« Use ABCDE approach A

o Aim for SpO2 of 94-98% T

o Aim for normal PaCOz2

e 12-lead ECG

« Treat precipitating cause Immediately resume

« Targeted temperature CPR for 2 min

management Minimise interruptions
N\ S
During CPR Treat Reversible Causes Consider
e Ensure high quality chest compressions e Hypoxia e Ultrasound imaging
e Minimise interruptions to compressions e Hypovolaemia e Mechanical chest
e Give oxygen e Hypo-/hyperkalaemia/metabolic compressions to facilitate
e Use waveform capnography e Hypothermia T
e Continuous compressions when .
advanced airway in place e Thrombosis - coronary or e Coronary angiography and
e Vascular access (intravenous or pulmonary percutaneous coronary
intraosseous ) e Tension pneumothorax intervention

e Give adrenaline every 3-5 min e Tamponade — cardiac e Extracorporeal CPR
¢ Give amiodarone after 3 shocks e Toxins

Figure 12.2 Adult advanced life support algorithm
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GUIDELINES
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Airway and Breathing
Maintain SpO2 94 — 98%
e Advanced airway
e Waveform capnography
Ventilate lungs to normocapnia

Circulation
e 12-lead ECG
¢ Obtain reliable intravenous access
e Aim for SBP > 100 mmHg
e Fluid (crystalloid) — restore normovolaemia
e |Intra-arterial blood pressure monitoring
e Consider vasopressor / inotrope to maintain SBP

Immediate treatment

Control temperature
e Constant temperature 32°C — 36°C
« Sedation; control shivering

No Yes

| ST elevation on 12 lead ECG?

No Yes

Diagnosis

[ Consider Coronary

e N | J [ Coronary angiography = PCI J

No Cause for cardiac arrest
identified ?

Yes

[ Treat non-cardiac cause of J

- Admit to Intensive Care Unit
cardiac arrest

ICU management
Temperature control: constant temperature 32°C — 36°C for 2 24h; prevent fever for at least 72 h
Maintain normoxia and normocapnia ; protective ventilation
Optimise haemodynamics (MAP, lactate, ScvOz, CO/CI, urine output)
Echocardiography
Maintain normoglycaemia
Diagnosel/treat seizures (EEG, sedation, anticonvulsants)
Delay prognostication for at least 72 h

Secondary prevention
e.g. ICD, screen for inherited Follow-up and rehabilitation

disorders, risk factor management

Optimising recovery

Figure 12.3 Return of spontaneous circulation care

Reproduced with kind permission from the Resuscitation Council (UK).
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Drugs
Commonly used drugs in cardiac arrest are:

e adrenaline 1mg 1 in 10000;
e amiodarone 300mg.

Adrenaline

Shockable (VF/VT): Adrenaline in cardiac arrest should be given after the third shock
once chest compressions have been resumed. Then every three to five minutes thereafter.

Non-Shockable (PEA/Asystole): Given as soon as circulatory access is obtained.
Then repeated every three to five minutes thereafter. There should be no interruptions
in chest compressions to secure IV/IO access or give drugs.

Amiodarone

Amiodarone is an anti-arrhythmic used to treat refractory VF or VT. The dose is 300mg
bolus IV diluted in 5% dextrose to a volume of 20ml. It is given during chest com-
pressions after three defibrillation attempts. A further dose of 150mg may be given if
Ventricular Fibrillation (VF)/Ventricular Tachycardia (VT) persists after five defibril-
lation attempts (Resuscitation Council (UK), 2016).

Cardiac arrest rhythms

Ventricular fibrillation (VF)

Ventricular fibrillation (VF) is a bizarre irregular waveform (Figure 12.4), with unco-
ordinated electrical activity and no recognisable QRS complexes. VF can be coarse or
fine. The treatment of VF is defibrillation.
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Figure 12.4 Ventricular fibrillation
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Pulseless ventricular tachycardia (VT)

There are two types of ventricular tachycardia (VT): pulsed or pulseless. In a patient
with a cardiac output (pulse) see the emergency tachycardia section below. Whereas
for a patient that is pulseless the treatment is defibrillation.

There are two types:

e Monomorphic: A broad complex rhythm (Figure 12.5), rapid rate and has a con-
stant QRS morphology.

e Polymorphic: Torsades de pointes (TdP) is rarely seen, but is associated with hypo-
kalaemia and/or hypomagnesaemia.

Pulseless electrical activity (PEA)
PEA is a non-shockable rhythm, where there are clinical signs of a cardiac arrest

(unconscious, apnoeic and no cardiac output), but the ECG looks normal and compa-
tible with life (Figure 12.6).
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Figure 12.5 Ventricular tachycardia
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Figure 12.6 Pulseless electrical activity
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Figure 12.7 Asystole

Asystole

Asystole is rarely a flat line (Figure 12.7); there are sometimes P waves visible but
never QRS complexes. It is important to check the leads are correctly attached and the
monitor is working. In older monitors when a lead becomes detached you see a linear
flat line, whereas with new monitors if a lead becomes detached a broken line appears
to tell you. Asystole is a non-shockable rhythm.

Defibrillation

Traditionally external defibrillators used hand-held paddles; however, increasingly
self-adhesive pads are being used in HIC, which means healthcare workers from HIC
often have less experience of using hand-held paddles.

With hand-held paddles one should be placed to the right of the sternum and
the other over the apex of the heart, lateral and inferior to the left nipple (MHRA,
2017) (Box 12.1). Sometimes the paddles are marked ‘apex’ and ‘sternum’. When
using paddles, it is important to maintain good electrical contact. Gel pads are highly
conductive and placed between the paddle and the patient’s chest. They should not
touch each other during defibrillation. When using paddles you must press hard —
approximately 8kg of pressure needs to be used. When using paddles on children,
different sized paddles will need to be used. This may be an attachment which is
placed onto adult paddles.

Self-adhesive pads are applied in the same position as outlined above. It is important
to note there are currently no international standards on self-adhesive pad connections;
therefore, you will need to check they fit the defibrillator connector.

The use of a precordial thump has a very low success rate for cardioversion of a
shockable rhythm (Resuscitation Council (UK), 2016). This should only be considered
if a defibrillator is not immediately available in a monitored VE/VT cardiac arrest.
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Principles of safe defibrillation

Safety is paramount

Ideally, the defibrillator should be plugged in when not in use and have a charged

battery.

Confirm cardiac arrest.

Continue compressions while applying self-adhesive pads or monitoring leads.
Ideally stop chest compressions for no longer than five seconds when confirming the
cardiac rhythm. If using hand-held paddles, you can ‘quickly’ assess the patient’s
cardiac rhythm by applying the paddles to the patient’s chest. This is termed ‘quick
look’. The defibrillator will need to be in ‘paddles’ mode (not lead II). 3 lead moni-
toring should then be applied during CPR.

If a shockable rhythm is identified:

(o]

Continue effective CPR and ensure there is a coupling agent (e.g. gel pads or
self-adhesive pads are applied to the patient’s bare chest). Ensure the chest is
dry and any medication patches on the chest have been removed.

Gloves routinely used in clinical settings do not provide protection from electrical
current; therefore, safety during defibrillation is paramount.

Self-adhesive pads are likely to cause less risk of sparks and fire than hand-
held paddles; however, the following precautions should be taken regardless
of method used:

o

Remove any sources of oxygen, e.g. masks, at least 1m away from the
patient’s chest.

You can leave a self-inflating bag connected to an ETT or you can remove
it and ensure it is at least 1Tm away.

If a patient is attached to a ventilator, you can leave them attached, as long
as the FiO, has been increased to 1.0, a mandatory mode with adequate
tidal volumes has been set. If you decide to remove the patient from the
ventilator during defibrillation, ensure the tubing is at least 1m away; alter-
natively switch the ventilator off and use a self-inflating bag, as a discon-
nected ventilator will generate significant oxygen flows when disconnected.

The designated person:

selects an appropriate level on the defibrillator;

selects charge either on the defibrillator or via the paddles;

ensures nobody is touching the patient, the defibrillator operator shouts,
‘stand clear’ and performs a complete visual check of the bed area. Once
safe the individual then delivers a shock. Nobody should be touching the
patient; this includes holding TV fluids.

immediately following the shock, resumes CPR and returns the paddles
to the defibrillator.
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o Defibrillator users should:

o know how to select and deliver a shock safely;

know how to discharge a shock that is no longer required;

o be appropriately trained to recognise cardiac arrest rhythms and appro-
priate actions.

Q

(MHRA, 2017; Resuscitation Council (UK), 2016)
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Alrway
management

Most patients admitted to critical care require mechanical ventilation and have an
endotracheal tube (ETT) or tracheostomy in place. Nurses need to be able to manage a
variety of airway emergencies, ranging from attending a ward cardiac arrest and man-
aging an airway, a patient arriving in critical care requiring emergency intubation to
managing a tracheostomy in a long-term ventilation patient. In this chapter, the basic
principles of airway management, including airway adjuncts, rapid sequence induction
and tracheostomy care are covered.

Basic techniques

An airway obstruction can be partial or complete. Potential causes of airway obstruction
are outlined in Box 13.1. In the event of severe obstruction follow the emergency sequence
outlined in Figure 13.1. To remove secretions use a rigid suction catheter to remove fluids
and/or turn the patient onto their side (lateral position) in order to allow fluids to drain
out. When using a rigid suction catheter ensure the tip always remain visible.

Box 13.1 Causes of airway obstruction

Central nervous system depression.

Blood.

Vomitus.

Foreign body.

Direct trauma to the face.

Epiglottitis.

Pharyngeal swelling, e.g. infection oedema.

Laryngospasm.

Bronchospasm.

Bronchial secretions.

Blocked tracheostomy or laryngectomy.
(Resuscitation Council (UK), 2016)
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Picture 13.1 Rigid suction catheter

" Resuscitation Council (UK) %Tg Adult Choking

Assess severity

Mild
Airway obstruction
(effective cough)

Unconscious Conscious Encourage cough
Start CPR 5 back blows Continue to check for
5 abdominal thrusts deterioration to ineffective cough

or until obstruction relieved

Figure 13.1 Choking algorithm

Reproduced with kind permission from the Resuscitation Council (UK).
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Picture 13.2 Head, tilt, chin lift

Prior to the arrival of specialist emergency equipment, basic airway opening proce-
dures must be used. This could be a head, tilt, chin lift or a jaw thrust if you suspect
cervical spine injury.

Place one hand on the patient’s forehead and the fingers of the other hand under the
patient’s chin. Gently tilt the head and lift the chin to open the airway (Picture 13.2).

A jaw thrust moves the mandible forward and relieves the obstruction. Identify the
angle of the mandible. Apply an upward and forward pressure to move the jaw and
use the thumbs to open the mouth slightly (Picture 13.3).

Laerdal Airwaw M

Picture 13.3 Jaw thrust
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Following any airway procedure check the airway remains patent by looking, lis-
tening and feeling. If the airway is still obstructed, look and remove any solid foreign
body in the mouth with forceps or suction. If there is no visible obstruction, follow the
choking algorithm (Figure 13.1).

Airway adjuncts

Airway adjuncts assist in maintaining an open airway. Airway adjuncts include
(Picture 13.4):

e nasopharyngeal airway (NPA);
e oropharyngeal airway (OPA)

Both NPA and OPA prevent soft palate obstruction and backward tongue displace-
ment in an unconscious patient, but basic airway opening procedures including a head,
tilt chin lift or jaw thrust may still be needed (Resuscitation Council (UK), 2016).

NP airways may be lifesaving in patients with clenched jaws (trismus), fitting, or
maxillofacial trauma. However, they must be used with caution in patients with sus-

pected fracture of the base of skull and insertion may cause epistaxis. To insert an
NPA:

e Lubricate airway using a water soluble jelly.

e Insert the airway bevel end first, vertically along the floor of the nose with a slight
twisting action. Try the right nostril first; if you are unable to pass the airway, stop
and try the left (Picture 13.5).

e Once in place, check patency and ventilation (Picture 13.6).

Picture 13.4 Airway adjuncts
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Picture 13.5 Insertion of an NPA

Picture 13.6 NPA in place

OPA is used in an unconscious patient only (GCS <8); attempting insertion in a
semi-conscious patient may cause vomiting or laryngospasm. To insert an OPA:
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e Estimate the size by selecting an airway with a length between the patient’s inci-
sors and the angle of jaw (Picture 13.7).

e Open the patient’s mouth and ensure there is nothing visible.

e Introduce the airway past the teeth and gums ‘upside down’ (Picture 13.8).

Airway Management Trainer

Picture 13.7 Estimating the size of an OPA

Picture 13.8 Insertion of an OPA
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Picture 13.9 OPA in place

e Then rotate the OPA 180° to its normal position; this will lessen the chance of
pushing the tongue to the back of the throat.

e If any reflect responses are seen, e.g. gagging, then remove the airway (Picture 13.9).

e After insertion, check the airway: look, listen and feel for breathing. You may still
need to use a chin lift or jaw thrust to maintain a patent airway.

Advanced airway management

Advanced airway adjuncts include the laryngeal mask airway (LMA), I-Gel and the
endo-tracheal tube.

The LMA and I-Gel are supraglottic airway devices. This means the airway
adjunct sits above the larynx. They are often easier to insert than an ETT. Both
airways do not guarantee protection of the airway and there is a risk of gastric aspi-
ration. The patient must be deeply unconscious before attempting insertion of these
airways. Insertion is deemed easy, and with a high success rate after a brief period of
training they are often inserted by nurses, paramedics and medical staff in emergency
situations, although they are routinely used in anaesthesia (Resuscitation Council
(UK), 2016).

The LMA requires a cuff to be inflated, whereas the I-Gel has a ‘jelly’-like material
that does not require inflation. The I-Gel includes a bite block and an orogastric tube
can be passed (Pictures 13.10 and 13.11).



Airway management 105

Picture 13.10 A laryngeal mask airway

Picture 13.11 An I-Gel
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To insert an LMA:

Choose an appropriate size. Size 5 for adult males and size 4 for females.
Check the cuff is deflated, apply lubricating gel to the outer face of the cuff area
(the back).
Holding the LMA like a pen, insert it into the mouth and advance the tip with the
upper surface applied to the palate until it meets the posterior pharyngeal wall.
Then press the mask backwards and downwards until resistance is felt.
Connect the inflating syringe and inflate the cuff with air (40ml for a size 5 or
30ml for a size 4). Do not hold the LMA during inflation as the tube should lift
slightly out of the mouth.
The LMA should be inserted within 30 seconds; if there are any delays then the
patient should be re-oxygenated with a bag, valve mask and insertion re-attempted.
Confirm the position by listening over the chest during inflation and observing for
bilateral air movement. If available, attach end tidal CO, monitoring.
An audible leak may mean the LMA is not in position; a small leak is acceptable
if chest rise is appropriate.
Secure the LMA with a bandage or tape.

(Resuscitation Council (UK), 2016)

Limitations to the LMA include:

In cases of high airway resistance or if the lungs are ‘stiff’, e.g. bronchospasm,
there is a risk of a large leak causing ineffective ventilation, leading to hypoxia. Air
may be forced into the patient’s stomach increasing the risk of aspiration.

If used in cardiac arrest, uninterrupted chest compressions can cause air leak from
the LMA. If continuous compressions are not possible, return CPR ratio of 30 chest
compressions to 2 ventilations.

To insert an I-Gel:

Select an appropriately sized I-Gel — size 4 for most adults and size 3 for small adults.

Lubricate the back, sides and front of the I-Gel cuff with a thin layer of lubricant.

Holding the I-Gel, pass the tube, with the cuff outlet facing towards the chin of

the patient.

With the patient’s head in the ‘sniffing the morning air’ position, gently press the

chin down before inserting the I-Gel. Introduce the I-Gel into the mouth in a direc-

tion towards the hard palate.

Do not force the airway during insertion. Glide the I-Gel downwards and back-

wards along the hard palate with a continuous but gentle push until resistance is

felt. The device should now be in the correct position.

Check for patency by listening over the chest during inflation and observing for

bilateral air movement. If available, attach end tidal CO, monitoring.
(Resuscitation Council (UK), 2016)
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Picture 13.12 Adult ETT with cuff inflated and deflated

An ETT is inserted into the tracheal; the cuff creates an air-tight seal and is classed
as the ‘gold’ standard in airway management. To insert an ETT this must be under-
taken by a practitioner who is experienced in this procedure (Picture 13.12).

Rapid Sequence Induction (RSI) is used to insert an ETT, when there is risk of gastric
aspiration. RSI involves:

inducing loss of consciousness by the use of drugs;
application of cricoid pressure;

insertion of the ETT;

confirmation of tube position.

The “Six Ps’ for RSI include:

prepare;
pre-oxygenation;
pre-medication;

paralysis;

passage of endo-tracheal tube;
post-intubation care.
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Nurses may be required to help healthcare workers to intubate a patient. Box 13.2

outlines the equipment required. Prior to the procedure prepare by:

e working as a team to discuss the procedure and ensuring you all understand what

is expected of each other;
preparing/checking the equipment;

checking IV access is patent;
positioning the patient;

agreed.

stopping any enteral feed and aspirating the NG tube;
ensuring the patient is monitored (ECG, blood pressure and pulse oximetry);

checking and draw up any medications and labelling as appropriate;
ensuring you have a working ventilator (pre-checks completed) and initial settings

e Oxygen supply

e Effective suction (rigid suction
catheter and tracheal suction
catheters)

Selection of OPAs and NPAs
Lubricating gel

Self-inflating bag (with reservoir)
Catheter mount

Magill forceps

Two working laryngoscopes with
selection of blades (2, 3, 4)
Endotracheal tubes (sizes 7-9)
Laryngeal mask airways

Stylet, also termed introducer
Bougie

10ml syringe to inflate the ETT cuff
ETT ties

Stethoscope

Box 13.2 RSl equipment required

Other equipment:

End tidal CO, monitoring
Manometer to check cuff pressure
Ventilator — switched on,
ventilator tubing attached

Drugs

Patient monitoring

Difficult airway equipment, this
may include:

o McCoy laryngoscope;

o needle cricothyroidotomy set;

o emergency surgical airway
equipment.

The patient should be pre-oxygenated using a bag, valve, mask (BVM) or Water’s
Circuit +/— PEEP with 151/min oxygen. Apply cricoid pressure; this should be applied
from the moment the patient loses consciousness to the time the ETT has been passed,
cuff inflated, and position verified. Cricoid pressure should only be removed when

instructed to do so by the person inserting the tube.
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Pre-medication sedation and paralysing agents are then administered. The ETT is
then passed. The patient’s condition should be monitored throughout for any changes.

Post intubation:

Ensure the patient’s chest is moving bilaterally.
Secure the tube using ties or tape.

Auscultate the chest for air entry.

Chest X-ray to confirm tube position.

Attach the patient to the ventilator.

monitoring.
Continue sedation +/— paralysing agents.
e Pass an oro- or naso-gastric tube.

Document the procedure including size of tube, length at teeth, grade of intubation.
If available, measure cuff pressure and commence end-tidal carbon dioxide (EtCO,)

Immediate potential complications following RSI are outlined in Box 13.3. Other com-
plications include limited means of humidification, few nurses and anaesthetists result-

ing in ETT tube blockages (Towney & Ojara, 2008).

Box 13.3 Potential complications of intubation

Right main bronchus intubation.
Lacerated lips, tongue, pharynx or trachea.
Vocal cord injury.

Chipped teeth.

Aspiration.

Introduction of infection.

ETT dislodgement.

Obstruction.

Pneumothorax.

Equipment failure.

Stomach full of air/vomiting.
Hypoxia.

Hypotension.

Arrhythmias.

In resource limited environments, specialist tube securing devices, e.g. Anchor Fast
or Thomas ETT tube holders, are unlikely to be unavailable. In consequence, nurses
will need to secure ETT using ties. The following steps outline how to secure an ETT;

this procedure may vary in units (Table 13.1).
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Table 13.1 How to secure an ETT

Step 1: This is a two-person technique. Prior to releasing the ties, check the position
of the tube. One nurse holds the ETT, while the second nurse releases the ties.

Step 2: Take the clean ties and have a short and long end.

Step 3: Wrap the ties around the
ETT. Create a loop to pass the
ties through (Picture 13.13).

Step 4: Pass the loose ends
through the loop and pull tight.
Tighten around the ETT, noting
the position (Picture 13.14).

Step 35: Pass the long tie around
the neck and tie in a double knot.
Check the ties are not too tight
(Picture 13.15).

Picture 13.15 Securing ETT ties

Step 6: Confirm position of the ETT, re-assess patient and document care.
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Humidification

The ETT passes the upper airway which warms, moistens and filers inspired air. In addi-
tion, oxygen is dry which dehydrates exposed membranes, making mucus and secretions
more viscid (Woodrow, 2000). Humidification can be provided by either Heat Moisture
Exchange (HME) and Heated Humidifiers (HH). A Cochrane Systematic Review (Gillies
et al., 2017) reported ‘no overall difference in the rates of airway blockage, pneumonia
or death in adults who were ventilated through an HME compared to adults ventilated
through a heated humidifier’. However, the quality of evidence was low, and further
research is required. Within a resource limited environment it is advisable to use both an
HME and HH; however, access to HMEs may be difficult as these are single-item use. In
addition, evaporation of fluid from HH means they will need to be re-filled regularly and
the increased environmental temperature may be a site for bacterial incubation and require
high-level disinfection between patients (Restrepo & Walsh, 2012; Woodrow, 2000).

Extubation

Prior to extubation the patient should be assessed:

e conscious level (GCS >8);

e cough reflex;

e Dbe on a spontaneous mode of ventilation with a low Positive End Expiratory
Pressure (PEEP) and Pressure Support (PS);

e arescue plan in case the procedure fails.

To remove an ETT (this is a two-person technique):

Collect equipment.

Obtain consent from the patient.

Stop naso-gastric feed at least two hours prior to procedure.

Wear PPE.

Undo ETT ties, and hold ETT in place.

Select appropriate sized suction catheter (see below). Attach suction catheter to suction

tubing and switch on suction, checking the pressure is between 80 and 120mmHg.

e Disconnect the ETT from the ventilator and silence the ventilator alarms.

e Advance the suction catheter into the ETT until resistance is felt (this is the point
the catheter tip has reached the carina), then remove 1-2cm.

e Apply continuous suction, while a second nurse deflates the cuff.

e  Withdraw the ETT with the suction catheter in place and continuing to suction.
This should take no longer than 10-15 seconds.

e Encourage the patient to cough, and suction any oral secretions with a rigid
suction catheter.

e Commence oxygen therapy via a face mask.

e Reassure and assess the patient for any changes.

e Document the procedure.

e Dispose of any waste.

(Credland, 2016)
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Tracheostomy

A tracheostomy tube (TT) is a surgical opening in the anterior wall of the trachea and
the insertion of a tube. Reasons for insertions of TT include weaning from ventilation,
tetanus, upper airway obstruction due to trauma of the mandible, laryngeal papillomas,
Ludwig’s angina, laryngotracheobronchitis, post-operative following thyroidectomy
for a giant goitre, Guillain-Barré syndrome and severe head injury (Fasunla, 2010;
Towney & Ojara, 2008). Although there is a paucity of evidence regarding when it is
appropriate to insert a tracheostomy, the recognised benefits include:

lower risk of laryngeal injury compared to prolonged intubation;
improved comfort for the patient;

assists with weaning from mechanical ventilation;

improved tracheal secretion removal;

enhanced patient communication;

decreased sedation requirements.

Care of a tracheostomy tube

Tracheostomy tubes come in a variety of sizes and types. To reduce the risk of blockage
some tracheostomy tubes have an inner tube which allows for the tube to be removed
and cleaned (Leach, 2004).

Tracheostomy tubes need to be secured (Picture 13.16). To secure a tracheostomy
tube either commercially available ties or ETT tapes can be used.

Picture 13.16 Tracheostomy tube secured
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In resource limited environments TT may be secured using standard ETT tape; there
are various methods to securing TT and may vary between units. The following proce-
dure outlines how to secure a TT with ETT tapes (Table 13.2).

Table 13.2 How to secure a TT with ETT tapes

Step 1: Assemble the equipment.

— Two pieces of ETT tape

Personal protective equipment
Tracheostomy dressing if required
Dressing pack

Saline to clean site

Step 2: This is a two-person technique. Prior to releasing the ties, check the position of
the tube. One nurse holds the TT, while the second nurse releases the ties.

Step 3: Pass the ties
through the TT flange. Pass
the ends through the loop
and tighten (Picture 13.17).

Picture 13.17 Securing ties to the TT

Step 4: Repeat for both
sides of the TT
(Picture 13.18).

Picture 13.18 Securing ties to the TT
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Table 13.2 Continued

Step 5: Take one of the
long ties, pass around the
patient’s neck and tie off
with the short tie on the
other side (Picture 13.19).

Step 6: Repeat.

Step 7: Check the TT
ties are not too tight
and re-assess the patient
(Picture 13.20).

Picture 13.20 Securing TT ties

Picture 13.21 Examples of improvised and commercial ‘keyhole’ tracheostomy dressings
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Tracheostomy sites should be dressed. Either an improvised or keyhole tracheostomy
dressing (Picture 13.21) can be used. The site should be observed for signs of infection.

Blocked tracheostomy

A blocked TT is an airway emergency. Emergency equipment must always be at the
patient’s bedside, this includes:

e oxygen, BVM and oxygen masks;

e working suction and selection of suction catheters;

e sterile water;

two spare tracheostomy tubes (one the same size as the one the patient currently
has inserted and the other one size smaller);

SCISSOrS;

10ml syringe;

tracheal dilators;

artery forceps;

spare ties;

suture cutter;

lubricating gel;

gloves, aprons and eye protection;

access to emergency airway and cardiac arrest equipment.

In the event of a blocked tracheostomy, Figure 13.2 outlines the emergency treatment
to be undertaken immediately.

Discharge planning

The decision to insert a tracheostomy in a resource limited environment is likely to
increase the patient’s stay, as ward areas may have few nurses to observe and respond
to patients, have limited experience in nursing a patient with a tracheostomy and with
limited equipment including suction machines (Towney & Ojara, 2008). In consequ-
ence, it may not be appropriate to discharge a patient to the ward with a TT in place.

Suctioning

Intubation impairs the cough reflex by bypassing the normal respiratory barriers. As
a result, secretions accumulate in the lower respiratory tract, potentially reducing or
obstructing the airway and allowing bacterial growth (Woodrow, 2000). The accu-
mulation of secretions causes airway obstruction, hypoxia and acidosis; suctioning
removes secretions, but can also introduce infection, cause trauma, hypoxia, atelectasis
and bradycardias (Woodrow, 2000; Wang et al., 2017).
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Emergency tracheostomy management - Patent upper airway

Call for airway expert help
Look, listen & feel at the mouth and tracheostomy
A Mapleson C system (e.g. ‘Waters circuit’) may help assessment if available
Use waveform capnography when available: exhaled carbon dioxide indicates a patent or partially patent airway

~

Noﬂ Is the patient breathing? Nes

[ Call Resuscitation Team ] [ Apply high flow oxygen to BOTH ]

CPR if no pulse / signs of life the face and the tracheostomy

\] Assess tracheostomy patency |<}//

Remove speaking valve or cap (if present)
Remove inner tube
Some inner tubes need re-inserting to connect to breathing circuits

{} Yes The tracheostomy tube is patent
[Can you pass a suction catheter?] Perform tracheal suction
Consider partial obstruction
No ‘ Ventilate (via tracheostomy)
Deflate the cuff (if present) if not.breathing
Look, listen & feel at the mouth and tracheostomy Continue ABCDE assessment
Use waveform capnography or Mapleson C if available
{} Tracheostomy tube partially
Yes obstructed or displaced
Lls the patient stable or improving?] Continue ABCDE assessment

No

REMOVE THE TRACHEOSTOMY TUBE
Look, listen & feel at the mouth and tracheostomy. Ensure oxygen re-applied to face and stoma
Use waveform capnography or Mapleson C if available

Call Resuscitation team No s ] Yes Continue ABCDE
CPR if no pulse / signs of life P 9? assessment

>

| Primary emergency oxygenation | | Secondary emergency oxygenation |
- R f —— 3
Standard ORAL airway manoeuvres Attempt ORAL intubation
Cover the stoma (swabs / hand). Use: Prepare for difficult intubation
Bag-valve-mask Uncut tube, advanced beyond stoma
Oral or nasal airway adjuncts N >
Supraglottic airway device e.g. LMA l}
\ J |
{} Attempt intubation of STOMA
- Smalltracheostomy tube / 6.0 cuffed ETT
Tracheqstqmy STOMA vent'llat|on Consider Aintree catheter and fibreoptic
Paediatric face mask applied o stoma ‘scope / Bougie / Airway exchange catheter
LMA applied to stoma U P 9 Y 9

National Tracheostomy Safety Project. Review date 1/4/16. Feedback & resources at www.tracheostomy.org.uk

Figure 13.2 Emergency tracheostomy algorithm

Reproduced with kind permission from Wiley.

Selecting the appropriately sized suction catheter reduces hypoxia and atelectasis.
To select the appropriate sized suction catheter use the following calculation.

Suction catheter size (French) = 2 x (size of ETT or TT mm) — 2


http://www.tracheostomy.org.uk
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Suction using either an open or closed suction system may be used to clear tracheal
secretions. Access to closed suction systems may not be possible due to the expense.
When using open suction catheters there is an increased risk of introducing an infec-
tion as the ventilator circuit is broken. In addition, the patient may become hypoxic
and take a longer time to recover post-suctioning due to the loss of oxygen and PEEP
when disconnected from the ventilator.

Saline and suctioning

Maintaining a patent airway is a core role of a critical care nurse; this includes being
able to suction an ETT or TT to remove secretions. A common but dated procedure
involves the installation of saline prior to tracheal suctioning to loosen secretions. The
proposed rational is to prevent/remove dried secretions which cause encrustation and
potential blockage of ETT or TT. This practice is often based on a clinician’s experi-
ence or as a routine, ritualistic procedure. The proposed rationale for using saline to
‘loosen secretions’ has no evidence base and has shown to reduce the PaO, by caus-
ing bronchospasm and a barrier for effective gas exchange (Woodrow, 2000). Wang
et al. (2017) completed a meta-analysis of randomised control trials relating to the
use of installation of normal saline. They concluded the use of saline does not provide
any clinical benefits and can lead to complications including the reduction in oxygen
saturations up to five minutes after suctioning. In consequence, the management of
secretions involves regular suctioning as indicated, nebulisers and humidification.
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Oxygen and
mechanical
ventilation

Oxygen and a patent airway are essential for life. Within a resource limited environ-
ment access to supplementary oxygen and mechanical ventilation can be the difference
between life and death due to simple and preventable conditions. A lack of basic equip-
ment including pulse oximetry, oxygen and skilled healthcare professionals have resulted
in individuals and families having to decide on unsafe treatment or no treatment at all
(Lifebox, 2017).

Access to supplementary oxygen may be only provided in areas where acutely ill
patients are cohorted, e.g. emergency departments, acute bays on wards, theatres,
recovery and critical care units and is only provided to those deemed most at risk.
Oxygen may be provided from a wall supply, oxygen concentrators or oxygen cylin-
ders. Regular access to oxygen has been identified as a challenge and the provision of
oxygen cylinders is expensive and logistically difficult (Ojara & Towney, 2007). This
means oxygen may be rationed; in this case pulse oximetry and patient assessment
will need to be used to try to conserve supplies and prevent hypoxia. Each method of
oxygen delivery system will have advantages and disadvantages (Table 14.1) and con-
siderations when using oxygen concentrators and cylinders are outlined in Table 14.2.

Table 14.1 Advantages and disadvantages of using oxygen cylinders and
concentrators in a resource limited environment

Characteristics Cylinders Concentrators
Capital cost High when regulator and ~ High
flowmeter costs included
Running cost High particularly if Low if power is inexpensive
leakage is significant High if power is expensive
Ease of use Training required Considerable training required
Reliability Good Good on selected models
Physical robustness Good Fair

Regular maintenance ~ Needed Needed
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Table 14.1 Continued

Characteristics Cylinders Concentrators

Technical repairs Needed (e.g. regulators Needed (maintenance staff
to minimise leakage) require specialist training)

Electricity Not needed Needed

Continuity of Liable to run out Good if power is available

oxygen delivery

Portability Poor for large cylinders Good

Supply system Transport needed Transport not needed
Ordering needed Ordering not needed

Source: Howie et al., 2009

Table 14.2 Considerations when using oxygen concentrators and cylinders

Oxygen
concentrator

Oxygen
cylinder

The type of concentrator used will determine the maximum flow
rates/oxygen concentrations.
Factors which may affect the use of oxygen concentrators include:

e Many require a continuous electricity supply.

¢ Different countries use different voltage systems resulting in
concentrators not working or alarming low pressure.

¢ Elevated ambient temperature and humidity can result in
concentrators not working.

Safety of cylinders when in use/stored, i.e. are they free standing or
are they secured using an appropriate stand?

Are empty cylinders kept separate from full cylinders?

Are all cylinders kept in an area away from flammable liquids or
other combustible materials?

Who is responsible for changing cylinders and how is this done?

Do you have emergency cylinders available?

Are appropriate signs displayed prohibiting smoking/naked flames
near cylinders?

Poorly maintained cylinders and flow gauges result in leakage and
increased oxygen consumption.

When working with oxygen cylinders, you will need to work out the
oxygen consumption so you can plan for the changes in the cylinder.

Sources: Peel et al., 2013; Howie et al., 2009

The challenges of oxygen administration are not only limited to the availability
of oxygen. Healthcare professionals’ understanding and perception of how oxygen is
used can influence practice. Adipa et al. (2015) conducted a qualitative exploration of
ward nurses’ perspectives on using oxygen therapy in Ghana and identified the follow-
ing challenges when initiating and using oxygen:
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Initiation of oxygen therapy may be at the direction of the doctor, which resulted
in a delay in initiating this treatment.

There may be no access to pulse oximetry or blood gas analyser to measure oxygen
saturations and arterial blood gases. In consequence, assessment may be based on
the patient’s signs and symptoms and physiological observations. With few pulse
oximeters they may need to be shared between patients, preventing continuous
monitoring of the patient’s condition.

Nurses often receive minimal education on the use of oxygen and may adminis-
ter the amount that they think is appropriate and use their discretion to initiate,
increase and stop therapy. However, the nurses in this study did have insight into
this knowledge deficit and requested in-service training to correct this.

A lack of protocols to guide the delivery of oxygen therapy resulted in nurses
waiting for patients to show signs of respiratory distress before initiating oxygen
therapy and due to a lack of knowledge sometimes discontinued the therapy when
the patient keeps removing it.

Consumables such as oxygen masks and nasal prongs had to be purchased by
families, who sometimes cannot afford this, so often they had to re-use them
between patients.

Oxygen therapy was provided by cylinders with limited nurses available; cylinders
may run out and not be noticed. In addition, when waiting for cylinders to be
replaced, nurses reported having to hand ventilate the patient for 10 to 20 minutes
until an orderly changed the flow meter, as they are not trained to do this.

Identifying a patient who is hypoxic involves clinical assessment, pulse oximetry and
arterial blood gases. In a resource limited environment, access to these interventions
may be variable.

Clinical assessment

Assessment of a patient’s respiratory system includes:

ensuring the patient has a patent airways;

looking for signs of respiratory distress (e.g. use of accessory muscles, sweating);

assessing the respiratory rate, rhythm and depth. An increase is an indication of

illness;

observing for any signs of deformity to the chest, including abdominal distension

that may splint the patient’s diaphragm and prevent breathing;

recording the amount of oxygen and type of oxygen delivery system used;

assessing the patient’s oxygen saturation (SpO,);

auscultating the chest to note any changes;

checking the position of the trachea at the supra-sternal notch. A deviation may

indicate a mediastinal shift due to a pneumothorax, pleural effusion or lung fibrosis.
(Smith & Bowden, 2017; Resuscitation Council (UK), 2016);

Towney & Ojara, 2008)
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Hypoxia

The WHO recognises hypoxia is a significant risk for hospitalised patients. While the
use of a pulse oximeter is universally accepted as essential when providing anaesthesia
(WHO, 2009), in critical care the use can be variable and dependent on availability.
Best practice requires every ventilated patient or patient at risk must have continuous
pulse oximetry and monitoring.

The measurement of oxygen saturations of haemoglobin via a pulse oximeter is
an essential part of patient assessment and monitoring, and deemed critical patient
safety equipment (WHO, 2011; Lemanski, 2016; Towney & Ojara, 2008). The use
of a pulse oximeter should be used with other vital signs to assess a patient’s con-
dition. If the patient has a low SpO, <95% a full assessment should be immediately
conducted. Although developed for use in the operating theatre, the WHO hypoxia
algorithm (Figure 14.1) provides a logical framework to follow and is useful when
responding to a desaturating patient on a ventilator. Additional considerations when
responding to a desaturating patient who is ventilated may include alarms which have
alerted you to a problem.

Pulse oximeters provide two numerical values, the oxygen saturation of the hae-
moglobin in the blood and the pulse rate (WHO, 2011). In critical care, there may be
limited monitoring, and a pulse oximeter may be the only equipment you have to look
after a critically ill patient. Pulse oximeter readings do not provide information about
respiratory rate, tidal volume, cardiac output or blood pressure. Therefore assessment,
monitoring and recording of these additional observations are essential (WHO, 2009).
When using a pulse oximeter (WHO, 2009):

e check it is plugged in/batteries charged;

e when you turn the oximeter on allow it to run through the internal calibration;

e select the appropriate probe. Probes are delicate and need to be used correctly and
should be used where they are designed for, e.g. in a peripherally shut-down patient,
using a finger probe on an ear should be avoided. Caution must also be exercised
when using wraparound probes (normally children) as these may constrict the blood
flow to the finger;

e remove any nail varnish before applying the probe;

e if possible, avoid using the arm with the blood pressure cuff on; when the cuff
inflates it will interfere with the pulse oximeter signal;

e check you have a good trace;

e ifindoubt, use your clinical judgement and assess your patient using the A-E approach;

e always make sure the alarms are on.

Alarms may include:

low saturation (hypoxia), e.g. Spo2 <90%;
no pulse detected;

low pulse rate;

high pulse rate.
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AIRWAY
Use chin lift / jaw thrust if using a mask
Reposition LMA if necessary
Check position of tracheal tube
If in doubt take LMA or tracheal tube out
Treat laryngospasm if present

A

BREATHING
Check adequate rate
Check adequate tidal volume
Check ET CO2
Listen to both lungs
Bronchospasm? - consider bronchodilators
Pneumothorax? - consider chest drain

EQUIPMENT
Check oxygen supply / concentrator / cylinder
Check for breathing circuit disconnection
Check for breathing circuit obstruction

If problem not resolving:

Eliminate circuit - use self inflating bag

If self inflating bag not available consider:
Mouth to mouth / tracheal tube ventilation

CIRCULATION
Check pulse
Check blood pressure
Check ECG
Blood loss / dehydration / fluid loss?
Consider IV fluid replacement

DRUG EFFECTS
Opioids
Volatile agent
Sedatives
Muscle relaxant
High spinal?

Figure 14.1 WHO hypoxia algorithm

Reproduced by kind permission from the World Health Organization.

When the monitor alarms it is important the nurse responds immediately and,
depending on the alarm, assesses the patient and acts accordingly. Factors which can

affect the correct functioning of a pulse oximeter include (WHO, 2011):
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light: bright lights, e.g. if used in an operating theatre, or sunlight can affect readings;
shivering;

pulse volume, e.g. due to hypovolemic shock, arrhythmias;

vasoconstriction and poor perfusion to the peripheries;

carbon monoxide poisoning may give you a falsely high saturation reading.

Arterial blood gases

While arterial blood gases (ABG) monitoring may be limited, staff may be unfamiliar
with results due to the infrequent use of this test. Partial pressure of oxygen (PaO,) and
partial pressure of carbon dioxide (PaCO,) may be measured in either kPa or mmHg.
The equipment used will determine how the results are used. The following are normal
ranges for arterial blood gases are as follows (Cowley et al., 2013):

pH  7.35-7.45;

Hydrogen ion (H+) 35-45nmol/L

Partial pressure of oxygen (PaO,) 10-13.3kPa 75-100mmHg;

Partial pressure of carbon dioxide (PaCO2) 4.8—6.1kPa 36-46mmHg;
Standard bicarbonate (sSHCO,-) 22-26mmol/L;

Base excess —2 to +2mmol/L;

Mechanical ventilation

In resource limited settings, ventilation may be provided for rescue interventions for
young patients who have acute, curable diseases and conditions (Firth & Ttendo,
2012). The decision to intubate, ventilate a patient and admit a patient to critical care
is a balance between potentially letting a patient die from an avoidable or preventa-
ble cause in a ward, or using an expensive, limited resource that may prove not to be
clinically indicated later. Studies have shown most patients admitted to critical care
require mechanical ventilation (Denney ef al., 2015; Tomlinson et al., 2013. Ttendo
et al., 2016. Towney & Ojara, 2008). However, the availability of ventilators often
exceeds demands (Dart et al., 2016; Lillie et al., 2015). In addition, many critical care
units have insufficient beds meaning high dependency patients may be nursed on the
ward or discharged earlier than expected, with minimal follow-up.

Providing mechanical ventilation is more than having access to ventilators; other
considerations include:

e appropriately trained nurses who are competent to look after an endotracheal tube
(including suctioning) and a ventilated patient;

e appropriate medical staff trained to adjust ventilator settings in response to
patients’ condition. In practice, nurses may be required to look after two or more
ventilated patients at once;
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access to appropriate, working monitoring;

provision of adequate sedation;

access to technical staff who can care for and maintain ventilators;

ventilators require electricity and compressed oxygen;

protocols and care bundles, e.g. ventilator care bundle to reduce ventilator associated
pneumonia (VAP).

(Krishnamoorthy et al., 2014; Denney et al., 2015)

Ventilator associated pneumonia

The incidence of hospital-acquired infection (HAI) in critical care units in low resource
settings is difficult to ascertain; however, the WHO (2017) estimates HAIs are at least
twice that of the United States, with ventilator associated pneumonia (VAP) incidence
up to 19 times higher than in HICs. VAP is seen as potentially preventable (Rosenthal
et al., 2012). Care bundles provide standardisation in care for either a condition or an
intervention (Denney et al., 2015). The ventilator care bundle consists of (Institute for
Health Improvement, 2012):

e raised head of the bed (minimises micro-aspiration);

e daily sedation hold and assessment of readiness to extubate;
e  peptic ulcer prophylaxis;

e venous thrombo-embolism prophylaxis;

e oral care with chlorhexidine.

The ventilator care bundle is seen as simple and cost effective. Successful compliance and
reduction in VAP has been identified in critical care units in low resource settings (Haque
et al., 2017; Rosenthal et al., 2012; Molina, 2015). Smith ez al. (2013) outline the reali-
ties: in a critical care unit in Ethiopia two nurses with no specific training in critical care
looked after six patients, three of whom may be ventilated. Other challenges may include
using beds which are fixed height; therefore it may not be possible to position patients 30°
head up. A lack of 24-hour suction catheters means ventilation circuits are disconnected
to use single-use suction catheters, resulting in loss of PEEP, hypoxia and increased risk of
infection. A lack of single-use suction catheters requires them to be re-used, which leads
to potentially introducing infections, poor hand hygiene due to a lack of water and a lack
of access to drugs to provide gut protection and deep vein thrombosis (DVT) prophylaxis.

Implementation of the ventilator care bundle in resource limited settings requires
appropriate resources and training prior to use (Haque et al., 2017). Appropriate sur-
veillance is needed before and after implementation to identify the incidence of VAP
and compliance (Arabi et al., 2008). Finally, other infection prevention strategies to
prevent VAP, for example hand hygiene (Figure 14.2) must also be followed.

Weaning from ventilation

Weaning is defined as ‘the gradual decrease of ventilator support and its replacement
with the patient’s own spontaneous ventilation’ extubation (Intensive Care Society, 2007).
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My 5 Moments for Hand Hygiene

Immediately before any manipulation of the endotracheal tube
and any respiratory tract care, such as:

2a. Performing nasal care, oral care, or securing the
endotracheal or tracheostomy tube (before putting on clean,
pmmEmEE--—-— non-sterile gloves)
d 2b. Endotracheal aspiration or sampling of the respiratory tract
through bronchoalveolar lavage or mini-bronchoalveolar lavage

’ s (before putting on sterile gloves)
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Immediately after any task that could involve body fluid
exposure, such as:

3a. Performing nasal care, oral care, or securing the
endotracheal or tracheostomy tube

3b. E ling of the respi y tract,
or after any other contact with mucous membranes, respiratory
i or objects cor i with i y {

3c. Intubating or extubating the patient

Key additional considerations for adult patients with endotracheal tubes

. Avoid intubation and use non-invasive ventilation . Assess readiness for extubation every day by
whenever appropriate. performing spontaneous breathing trials with sedatives
. If possible, provide endotracheal tubes with subglottic turned off (in patients without contraindications).
secretion drainage ports for patients likely to require . Perform regular oral care aseptically using clean,
more than 48 hours of intubation. non-sterile gloves.
. Elevate the head of the bed to 30°-45°. . Facilitate early exercise and mobilization to maintain
. Manage ventilated patients without sedatives and improve physical condition.
whenever possible. . Change the ventilator circuit only if visibly soiled

or malfunctioning.
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Figure 14.2 Caring for a patient with an endotracheal tube and preventing infection

Reproduced with kind permission from the World Health Organization.

Weaning can be simple (and rapid), difficult or prolonged, depending on the length of
time and number of attempts to achieve.

A weaning plan should be in place for all patients and will be individual for each
patient. Within resource limited environments the decision to wean may be difficult
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due to the complexity of the patient’s condition, few staff and experience in using
weaning protocols.

Prior to extubation a patient should be trialled on a spontaneous breathing trial; if
they are unsuccessful, they should be trialled daily and after three attempts or longer
than one week, a plan involving a gradual decrease in support should be followed
(Adam et al., 2017). A team approach including doctors, nurses, physiotherapists,
dieticians and speech and language therapists is required particularly in patients who
are difficult to wean or have had a prolonged period of ventilation.

As part of the weaning process, it may be appropriate to consider a tracheostomy
after >5 days (Elliott & Morrell-Scott, 2017). However, studies from HIC have shown
early insertion of tracheostomy does not reduce mortality, VAP or duration of ventila-
tion (Davidson et al., 2016). As outlined in Chapter 13 the insertion of a tracheostomy
may increase the patient’s length of stay on critical care due to a lack of experienced
staff and suction units on the ward. Therefore, the decision to insert a tracheostomy
should be based on reviewing the risk/benefits for each patient. Other factors to con-
sider when weaning a patient include adequate nutrition, communication aids and
interaction to reduce anxiety and isolation, oral hygiene and use of the ventilator care
bundle to prevent DVT, VAP (Elliott & Morrell-Scott, 2017).

Acute respiratory distress syndrome (ARDS)

ARDS is a common condition in both HIC and LIC. The Berlin definition for ARDS
categorises severity as mild (Pa02/FiO2 200-300), moderate (Pa02/FiO2 100-200)
or severe (Pa02/FiO2 <100) on a PEEP >35. This definition was based on patients in a
HIC setting; challenges when transferring these guidelines into resource limited envi-
ronments include lack of mechanical ventilators (resulting in an inability to provide
PEEP), arterial blood gases and chest radiographs (Riviello et al., 2016). The Kigali
modified Berlin definition acknowledges the lack of these resources and uses the fol-
lowing criteria to assist with the diagnosis of ARDS:

e  Within one week of a clinical insult or new or worsening respiratory deterioration.

e SpO2/Fi02 <315

e No PEEP requirement consistent with American European Consensus Conference
Definition.

e Bilateral opacities not fully explained by effusions, lobar/lung collapse or nodules
by chest X-ray or ultrasound.

e Respiratory failure not fully explained by cardiac failure or fluid overload.

The causes of ARDS are varied and may include topical infections, including malaria,
and HIV (George et al., 2014. Taylor et al., 2012).
The management of ARDS includes:

e pre-oxygenation of patients prior to any intervention to prevent prolonged periods
of desaturation. If available, use closed suction catheters;
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e using lung-protective ventilation strategies (low volume, low pressure ventilation):

o tidal volume 6ml/kg;
o plateau airway pressure <30cmH,O;
o SpO, 88-93% or PaCO, 7.3-10.6kPa (55-80mmHg).

avoiding disconnection of ventilator circuits; if available, use closed suction systems;
using the prone position to improve oxygenation;

using higher PEEP in patients with moderate to severe ARDS (PaCO,/FiO, <200);
conservative fluid management if no signs of shock.

In summary, access to oxygen, pulse oximetry and monitoring are taken for granted
in HIC critical care units. Within low resource settings, these interventions are scarce
resources saved for only the sickest of patients. In consequence, ‘routine monitoring’ may
be not be available for every patient (Lifebox, 2017), resulting in variations in practice
and potentially increasing the risk of harm and complications. Deciding to use and initi-
ate treatments including mechanical ventilation needs to be balanced with the resources
available and having appropriate staff available to respond and manage patients.
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Cardiac
monitoring and
arrhythmias

Continuous cardiac monitoring allows for cardiac rate and rhythm to be monitored.
Monitoring is used to detect a change in clinical condition, to assist assessment
and responses to therapy in real time. Monitoring aids assessment but does not
replace staff and the need for a comprehensive assessment. Cardiac monitors will
have alarms which can be set to identify any significant changes in condition. They
must be checked and appropriate parameters set for each patient (Leach, 2004).

A normal adult heart rate is between 60 and 100 beats per minute. Electrocardiogram
(ECG) monitoring provides a tracing of the cardiac conduction system. Lead II pro-
vides the best view and should be used as the default setting for monitoring. As the
atria depolarises a P wave is seen on the monitor, followed by ventricular contraction
(QRS wave), then repolarisation (T wave) (Swift, 2013a). This is termed sinus rhythm
(Figure 15.1). Bradycardia is defined as a heart rate <60 beats per minute. Tachycardia
>100 beats per minute.
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Figure 15.1 Sinus rhythm
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Interpreting a cardiac rhythm

To interpret a cardiac rhythm, you will need to print a rhythm strip. The following
steps can be followed to interpret cardiac rhythms:

Step 1: Is there any electrical activity?

e  Check the patient has a pulse. If no pulse:
e Check a lead has not become disconnected.
e If no pulse, immediately begin CPR (Chapter 12).

Step 2: What is the ventricular (QRS) rate?
To calculate the rate:

e ECG paper is calibrated in mm, with bolder lines every Smm.

e Standard ECG paper speed is 25mm™. One second = 5 large squares or 25
small squares.

e To work out the rate count the number of cardiac cycles (R to R wave) that
occur in 6 seconds (30 large squares) and multiply by 10. This provides an
estimated heart rate, even when the heart rate is irregular. For shorter rhythm
strips, count the number of cardiac cycles in 3 seconds (15 large squares) and
multiply by 20.

Step 3: Is the QRS rhythm regular or irregular?

e Measure each R to R wave and compare it to others to detect irregularity. This
is done by using a piece of paper and marking R-R waves then moving the
paper along to another section and seeing if the R-R waves line up.

Step 4: Is the QRS complex duration normal or prolonged?
e The upper limit for QRS duration is 0.12 seconds (three small squares).
Step 5: Is atrial activity present?

e Look for P waves. Atrial activity may be difficult or impossible to identify as
the P wave may not be visible, or the activity is partly or completely obscured
by QRS or T waves.

Step 6: Is atrial activity related to ventricular activity and if so how?

e Look for a consistent interval between each P wave and the following QRS
complex. The normal PR interval is 0.12-0.20 seconds. This will demonstrate
conduction between the atrium and ventricle is intact. If there is no relation-
ship between the P wave and QRS complexes, atrial and ventricular depo-
larisation is occurring independently. This is referred to as atrioventricular
dissociation.

(Resuscitation Council (UK), 2016)
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Bradycardia

Bradycardia is defined as a QRS rate <60/min (Resuscitation Council (UK), 2016).
Causes of bradycardia which may require treatment include:

e first degree atrioventricular (AV) block (heart block) (Figure 15.2);
e second degree AV block;

o Mobilitz type I AV (also termed Wenckebach AV block) (Figure 15.3);
o Mobilitz type IT AV block (Figure 15.4);

e Third degree IV block (Figure 15.5).

First degree atrioventricular block

First degree atrioventricular block occurs when there is a delay conducting through
the atrioventricular junction. This results in a PR interval of >0.20s (Figure 15.2). This
rhythm rarely causes any symptoms and can be identified during routine investigations,
for example prior to surgery. Unless symptomatic patients rarely require treatment.

Second degree atrioventricular block

Second degree atrioventricular block results in a progressive prolongation of the PR
interval, until a P waves occurs without a resulting QRS complex. There are two types:

e Mobilitz Type I (Figure 15.3) results in a progressively longer PR interval until the
atrial impulse is blocked and no QRS complex follows.

e Mobilitz Type II (Figure 15.4) constant PR interval, with some P waves not fol-
lowed by QRS complexes. There is an increased risk of developing complete heart
block and asystole. This can be further divided into 2:1 block whereby alternate P
waves are followed by a QRS complex. A 3:1 block is rare.
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Figure 15.2 First degree atrioventricular block
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Figure 15.5 Third degree heart block

Third degree heart block

Third degree heart block occurs when there is no relationship between the P waves and
QRS complexes. These patients are at high risk of developing asystole and are rarely
asymptomatic.
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Cases of atrioventricular blocks
Potential temporary causes of atrioventricular blocks include:

myocardial infarction usually associated with inferior wall MI;
digoxin toxicity;

acute myocarditis;

calcium channel blockers;

beta-adrenoceptor blocking drugs (beta-blockers);

cardiac surgery.

Permanent causes include:

e congenital abnormalities;
e  MI usually associated with anteroseptal MI;
e cardiomyopathy;
e cardiac surgery.
(Resuscitation Council (UK), 2016; Swift, 2013a)

Assessment

Patients with severe bradycardia (30-40bpm) may be symptomatic due to poor car-
diac output and coronary perfusion, decreased myocardial function and perfusion
(Swift, 2013a). Patients may experience a wide range of signs and symptoms and
treatment will be guided by the patient’s overall condition and the existence of other
co-morbidities (Resuscitation Council (UK), 2016). Adverse signs are critical signs
and symptoms which will assist in determining if treatment is required include:

e shock. Hypotension, confusion, oliguria, delayed capillary refill;
e syncope caused by reduced blood flow to the brain causing a brief loss of con-
sciousness;
e myocardial ischaemia. Chest pain with/without 12 lead ECG changes;
e heart failure. Pulmonary oedema with or without raised jugular vein pressure,
peripheral oedema and/or liver enlargement.
(Swift, 2013a; Resuscitation Council
(UK), 2016)

Patients should be assessed using the A-E approach. Electrolytes should be checked
to maintain serum potassium level >4.5mmol/L and magnesium levels >1.2mmol/L.
Treatment involves both pharmacological and cardiac pacing.

Atropine 500mcg can be administered intravenously every five minutes to a max-
imum dose of 3mg. If the cause of the bradycardia is due to a beta-blocker overdose,
glucagon can be given. Glycopyrronium bromide and adrenaline (epinephrine) may be
used in the operating theatre or critical care settings.
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Atropine is contra-indicated in patients who have myocardial ischemia or MI
and those who have undergone cardiac transplant. For bradycardia in post-cardiac
transplant patients, it may be appropriate to use theophylline as an alternative, as the
patient may not have a vagal nerve (Swift, 2013a).

Cardiac pacing involves the use of percussion pacing, transcutaneous or trans-
venous. In an emergency, percussion pacing may be used until a cardiac pacing unit is
available. Percussion pacing is performed by providing serial rhythmical blows with a
closed fist over the left lower edge of the sternum at a rate of 60-90bpm.

Transcutaneous pacing can be either fixed or demand. Demand mode involves the
pacing unit detecting an intrinsic QRS complex, whereas fixed mode pacing involves
the delivery of a set number of electrical impulses regardless of an intrinsic QRS.
Transcutaneous pacing is painful, therefore sedation is often provided with special-
ist airway support available in case of any airway compromise. When establishing
transcutaneous pacing a pacing spike will be seen on the ECG trace followed by a
QRS complex; a carotid pulse should be checked to confirm mechanical capture.
The pacing current should be increased until the desired effect has been achieved.
Capture may not occur in ‘non-viable myocardium’ and conditions including hyper-
kalaemia (Swift, 2013a). Transcutaneous pacing is used until transvenous pacing has
been established. If no capture is achieved, then the patient is in cardiac arrest with
pulseless electrical activity. CPR should be immediately commenced as outlined in
Chapter 12. A summary of key interventions to be undertaken in an emergency situ-
ation is outlined in Figure 15.6.

Tachycardias

During diastole (relaxation phase of the cardiac cycle) myocardial oxygen perfusion
occurs (Swift, 2013b). When an individual develops a tachycardia, the diastolic phase
is reduced, resulting in the heart pumping less efficiently and blood flow to the heart
reduced (Swift, 2013b). Types of life-threatening tachycardias include:

e broad complex tachycardia:

o regular broad-complex tachycardia: ventricular tachycardia (VT) (with pulse);
o irregular broad-complex tachycardia: atrial fibrillation;

e narrow complex tachycardia:

o atrial flutter;
o supraventricular tachycardia (SVT);

Monomorphic ventricular tachycardia
Monomorphic ventricular tachycardia (VT) (Figure 15.7) originates in the ventricles

below the Bundle of His and results in a severe reduction in cardiac output (Swift,
2013b). The QRS morphology can be monomorphic and less commonly polymorphic.
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" Resuscitation Council (UK) [fiff] Adult Bradycardia Algorithm

Assess using the ABCDE approach
Monitor SpO2zand give oxygen if hypoxic
Monitor ECG and BP, and record 12-lead ECG
Obtain IV access
Identify and treat reversible causes (e.g.
electrolyte abnormalities)

Adverse features?

e Shock « Myocardial ischaemia
« Syncope « Heart failure
Yes No

[ Atropine 500 mcg IV }

Satisfactory response?

No Yes

4 q q q N\
Consider interim measures:
« Atropine 500 mcg IV repeat to
maximum of 3 mg
OR Yes
« Transcutaneous pacing
OR

Risk of asystole?
« Recent asystole
« Mobitz Il AV block
« Complete heart block with
broad QRS
« Ventricular pause > 3 s

) No

Isoprenaline 5 mcg min' IV
Adrenaline 2-10 mcg min™" IV
Alternative drugs*

o o o

[ Continue observation ]

* Alternatives include:

Aminophylline

Dopamine

Glucagon (if bradycardia is caused by beta-blocker or calcium channel blocker)
Glycopyrrolate (may be used instead of atropine)

Figure 15.6 Emergency bradycardia treatment

Reproduced with kind permission from the Resuscitation Council (UK).

Monomorphic VT has a rapid ventricular (QRS) rate and P waves are absent. Polymorphic
VT (Torsades de Pointes) may be caused by hypokalaemia and/or hypomagnesaemia,
cerebrovascular accident and certain anti-arrhythmic drugs (Swift, 2013b).
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Figure 15.7 Ventricular tachycardia

VT can be pulsed or pulseless. In pulseless VT the patient will be in cardio-respiratory
arrest and require immediate defibrillation and CPR. Pulsed VT patients are extremely
unstable and at risk of developing ventricular fibrillation (VF). Conditions that may
cause VT include:

myocardial ischaemia;
myocardial infarction;
coronary artery disease;
valvular heart disease;
heart failure;

electrolyte imbalances;
drug intoxication.

(Swift, 2013b; Resuscitation Council (UK), 2016)

Atrial fibrillation

Atrial fibrillation (Figure 15.8) is an irregular narrow-complex tachycardia. The ECG
has no P waves and the rhythm is irregular (no regular R-R waves). AF can be either
acute or chronic onset. Acute AF is associated with precipitating factors including sep-
sis and electrolyte disturbances (Swift, 2013b). In addition to emergency procedures
outlined below, anticoagulants must be administered even if sinus rhythm has been
restored as blood clots can form in the atria and sent systemically due to reduced atrial
contraction (Swift, 2013b; Resuscitation Council (UK), 2016).

Atrial flutter

Atrial flutter (Figure 15.9) is caused by conditions that enlarge the atrial tissue and
elevate atrial pressure, for example patients with severe mitral valve disease, hypert-
hyroidism, pericardial disease and chronic obstructive pulmonary disease (Swift,
2013b). The ECG has no flat baseline between P waves and the rhythm looks like a
‘saw-tooth pattern’ (Swift, 2013b). The QRS is usually narrow; however, a broad QRS
complex may be seen if there is aberrant ventricular conduction (Swift, 2013b).
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Figure 15.9 Atrial flutter

Supraventricular tachycardia

Supraventricular tachycardia (Figure 15.10) originates above the atrioventricular node.
Care must be taken not to mistake this rhythm for a sinus tachycardia due to other
sources, for example sepsis, hypovolaemic shock, e.g. post-operative haemorrhage.
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Figure 15.10 Supraventricular tachycardia
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Treatment

Patients with a tachyarrhythmia must be assessed using the A—E approach. Interventions
should include:

high flow oxygen;

continuous cardiac monitoring established;
12 lead ECG;

IV access obtained;

cardiac electrolytes checked and optimised;
urgent medical assistance.

Patients should be assessed to identify if they are stable or unstable. The reduction in
cardiac output results in reduced vital organ perfusion and the patient may present
with life-threatening adverse signs including:

shock;

syncope;

myocardial ischaemia;
heart failure.

A patient with adverse signs is likely to be unstable and require urgent intervention.
Emergency treatment includes the use of vagal manoeuvres, drugs (amiodarone, aden-
osine) and DC cardioversion (Figure 15.11).

Vagal manoeuvres

Vagal manoeuvres include asking patients to perform the Valsalva manoeuvre, for
example blowing into a 20ml syringe.

Carotid sinus massage

Stimulating the carotid sinus by massage inhibits the firing of the sino-atrial node
and slowing the atrio-ventricular conduction (Swift, 2013b). Care must be taken as
patients may have undiagnosed carotid atherosclerosis.

Amiodarone

Amiodarone is used to treat both regular and irregular broad-complex tachycardias
(excluding Torsades de Pointes). When administering amiodarone care should be
taken. It must be administered via a central venous catheter or a wide bore peripheral
cannula due to the risk of thromboembolism. When administering the loading dose,
care must be taken as amiodarone can cause hypotension.
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Adenosine

Adenosine slows the conduction time through the atrioventricular node. By interrupting
the pathway through the AV node, sinus rhythm can be restored. Adenosine is admin-
istered in boluses, initially 6 mg followed by a further 12mg if there is no response. If
there is no response, a further dose of 12mg can be administered (Swift, 2013b).

Synchronised cardioversion

Synchronised cardioversion is the treatment for unstable patients with a tachyarrhyth-
mia. Cardioversion allows the primary pacemaker (sino-atrial node) to regain control
of cardiac conduction (Swift, 2013b). Cardioversion can be attempted up to three times
and the energies used vary and are dependent on the defibrillator.

When planning to undertake DC synchronised cardioversion, the defibrillator must
be able to deliver a ‘sync’ shock. When selected it allows the shock to be delivered
on the R wave, which minimises the risk of VF. Care should be taken, as some defi-
brillators immediately switch off the setting after delivery of the shock; therefore, the
defibrillator should be checked each time. Conscious patients should be anaesthetised
or sedated before synchronised cardioversion as it is painful.
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Acute kidney
Injury

Acute kidney injury (AKI), formerly termed acute renal failure, is a global concern,
but is potentially preventable and treatable (Anand et al., 2015). Evidence has shown
knowledge of AKI amongst healthcare professionals tends to be poor in both HIC and
LIC (Adejumo et al., 2017; Evans et al., 2015; Stevens et al., 2001; Muniraju et al.,
2012). In resource limited settings, further challenges include accessing most hospitals
as they tend to be based in urban areas, coupled with a limited hospital infrastructure
and having to find funds to pay for hospital admission, making it difficult to access
treatments early (Olowu et al., 2016). If detected early enough, AKI can be reversed
(Olowu et al., 2016). Causes of AKI are divided into three main types (Griffiths &
Kanagasundaram, 2011):

e Pre-renal uraemia. Caused by reduced renal perfusion, e.g. poor cardiac output
due to haemorrhage.

e Intrinsic AKI uraemia. Caused by a lack of oxygen to the tubular death resulting
in acute tubular necrosis by ischaemia, hypotension nephrotoxins (drugs) and sys-
temic vascular disease.

e Post renal uraemia. Caused by obstruction, e.g. tumour, thrombi, urinary tract
obstruction or enlarged prostate gland.

Specific causes of AKI in low resource settings include (Li et al., 2013; Lameire et al.,
2013; Bagasha et al., 2014; White et al., 2008):

e diarrhoeal diseases with dehydration due to poor sanitation and water hygiene,
e.g. gastroenteritis, cholera, typhus outbreaks;

e infectious diseases, e.g. dengue, malaria, tetanus, HIV, schistosomiasis, TB,

hepatitis B and C;

treatments from HIV and TB;

sickle cell disease;

animal venoms, e.g. snakes, bees, spiders, caterpillars;

septic abortion;

pre-eclampsia;
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use of dyes, natural and local medicines and remedies;

poverty;

overuse of nephrotoxic drugs;

poorly controlled or undiagnosed diabetes mellitus and hypertension;
many patients are young.

AKI can be classified in three stages:

Stage 1:

o Serum creatinine 1.5 to 1.9 times baseline or >0.3mg/dL (>26.5micromol/L)
increase.

o Urine output <0.5ml/kg/hr for 6-12 hours.
Stage 2:

o 2.0 to 2.9 times baseline.
o Urine output: <0.5ml/kg/hr for >12hours.

Stage 3:

o 3.0 times baseline or increase in serum creatinine to >4.0mg/dL
(>353.6micromol/L) or initiation of renal replacement therapy (RRT) or in
patients under 18, decrease in eGFR <35mL/min per 1.73m?.

o Urine output <0.3ml/kg/hr for >24hours or anuria >12hours.

Management of AKI includes the following:

Early identification of those at risk of developing AKI in ‘real time’ to ensure diag-
nosed immediately and clinical management adjusted.
Good fluid resuscitation and early use of anti-malarial and antibiotics for sepsis.
Haemodynamic optimisation.
Recognition a patient can have a normal urine output or serum creatinine and
have an AKI.
Avoid overuse or not reviewing nephrotoxic drugs.
Use of continuous renal replacement therapy (CRRT) to remove waste products,
restoration of acid base balance, correction of electrolyte imbalance, stabilisa-
tion of cardiovascular system and maintenance of fluid balance (Richardson &
Whatmore, 2013).
(Pickkers et al., 2017; Perico & Remuzzi, 2016;
Olowu et al., 2016; Anand et al., 2015; Bagasha et al., 2014)

Continuous renal replacement therapy (CRRT)

In resource limited environments, there is limited published evidence on the use of
continuous renal replacement therapy (CRRT) in the critical care setting. Perico and



Acute kidney injury 143

Table 16.1 Types of CRRT

Type Process Indications

Slow continuous ultrafiltration ~ Ultrafiltration = Fluid overload without uraemia or

(SCUF) significant electrolyte imbalance.
Continuous veno-venous Ultrafiltration ~ Uraemia or severe acid-base or
haemofiltration (CVVH) Convection electrolyte imbalance, with or

without fluid overload.

Continuous veno-venous Ultrafiltration ~ Removal of fluid and small to

haemodialysis (CVVHD) Diffusion medium sized molecules.
Severe uraemia, acid-base and
electrolyte imbalance.

Continuous veno-venous Ultrafiltration  Effective metabolic control if
haemodiafiltration (CVVHDEF)  Diffusion CVVH is not being achieved.
Convection

Source: Richardson & Whatmore, 2013

Remuzzi (2016) identified acute haemodialysis is not only unaffordable for patients
but also healthcare systems due to the cost of machines, consumables, unreliability
of electricity and water supply and few trained personnel. The limited availability of
critical care facilities and CRRT means patients simply die (Perico & Remuzzi, 2016).
However, Stanifer and Sharma (2017) propose for patients with AKI that require
CRRT it is an appropriate intervention in critical care given most people affected are
younger, economically active, whereas the provision of dialysis is for chronic renal
failure and patients tend to be older and chronically ill. In consequence, Stanifer and
Sharma (2017) argue the provision of life-sustaining technologies such as CRRT is
appropriate in the resource limited environment. The decision to initiate CRRT poses
complex ethical, clinical and resource challenges, including a need for a continuous
electrical supply, sufficient extracorporeal circuits, filtrate fluid to deliver treatments,
access to regular blood tests (e.g. arterial blood gases, coagulation, electrolytes) and
staff to manage CRRT (Jha et al., 2017). Types of CRRT include (Richardson &
Whatmore, 2013) (Table 16.1):

slow continuous ultrafiltration (SCUF);

continuous veno-venous haemofiltration (CVVH);
continuous veno-venous haemodialysis (CVVHD);
continuous veno-venous haemodiafiltration (CVVHDF).

The type of CRRT used will determine the mechanism used. This can be either a com-
bination or only one method (Table 16.1) (Richardson & Whatmore, 2013):
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e  Ultrafiltration: movement of fluid through a semi-permeable membrane along a
pressure gradient. The blood side causes a positive pressure and a negative pres-
sure on the fluid side; this results in fluid being removed from the patient.

e Convection: one-way movement of solutes through a semi-permeable membrane.
Hydrostatic pressure in the blood is higher than the pressure in the ultrafiltrate,
causing plasma water with solutes to cross the membrane (termed ‘solute drag’).
The faster the flow rate the higher the clearance.

e Diffusion: movement of particles from higher concentration to regions of lower
concentration. Solutes move from high concentration (blood side) across the mem-
brane to a low concentration in the dialysate. Removes small to medium molecules
but not large molecules.

To maintain the CRRT circuit good vascular access is required. Specialist wide-bore
access CVCs are required to maintain high blood flow, anticoagulation may be required
to try and prevent clots in the extracorporeal circuit. Indications clots may be forming
result in increasing circuit pressures. The type of anticoagulant depends on the patient’s
condition, for example patients with coagulopathy, sepsis or hepatic failure may not
require anti-coagulation (Dirkes & Hodge, 2007). Types of anticoagulation include:

e heparin. Most common type of anticoagulant used in CRRT;

e prostacyclin. Used as an alternative to heparin in patients with increased risk of
bleeding. Prostacyclin should not be used in patients with low platelet counts and
hypotension as it is a powerful vaso-dilator;

e regional citrate. Citrate binds to calcium in blood and prevents clotting. Hypo-
calcaemia is caused, and intravenous calcium replacements is required. Citrate is
used if the patient is actively bleeding, at high risk of bleeding or heparin-induced
thrombocytopenia. It is contra-indicated in patients with severe liver failure;

e thrombin inhibitors: Alternative anticoagulants for patients with heparin-induced
thrombocytopenia. Patients are at high risk of bleeding and there are no reversal
agents.

Complications of CRRT include haemodynamic instability, haemorrhage, hypothermia,
electrolyte and acid-base imbalance, inappropriate drug dosing, infection and circuit
failure (Richardson & Whatmore, 2013). The nursing care of patients on CRRT include
observation for signs of any complications. ‘Filter observations’ should be recorded
hourly and any trends noted. Types of continuous CRRT monitoring include (Richardson
& Whatmore, 2013):

blood pump speed (mL/min). Speed blood is removed from the patient;

access pressure (mmHg). Pressure generated to remove blood from the patient;
return pressure (mmHg). Pressure generated to return blood to the patient;
transmembrane pressure (TMP) (mmHg). Pressure gradient exerted across the
semi-permeable membrane. TMP needs to be adequate to enable ultrafiltration;

e pre-filter pressure (mmHg). Positive pressure generated in the circuit immediately
before the blood enters the haemofilter.
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Although CRRT machines have alarms, these may be mistaken for other types of
alarms, which may result in a delay in responding if solely relying on the filter alarms
to detect problems. In consequence, patients on CRRT require one to one nursing care.
Alarms may include:

° low access pressure;

o potential causes: CVC ‘sucking’ against vessel wall; CVC partially clotted or
fully clotted; lumen kinked or clamped;
o action: Ensure both lumens and tubing are straight and unclamped.

e High return pressure;

o potential causes: CVC lumen is clotted or occluded; lumen or lines are kinked;
circuit clotted;
o action: ensure lumens and tubing are straight and unclamped.

e Low return pressure;

o potential causes: low blood pump speed; return tubing disconnected;
o action: ensure tubing is securely connected.

e High TMP,
o potential causes:

o rapid rise: filtrate tubing or bags occluded by clamp or kinking;

o slow rise: filter clotting slowly;

o high TMP at start of treatment: ratio of pressure between the blood flow
and replacement fluid is too high.

o action: ensure all tubing is unclamped and straight.
e High pre-filter;

o potential causes: tubing kinked; ‘return chamber’ clotting; filter clotting;
o action: ensure tubing is straight and not kinked. Consider more pre-dilution
on next CRRT cycle.

e  Air detection;

o potential causes: air in the tubing returning to the patient; blood level is too
low in ‘return chamber’, return tubing is not in the air detector clamp correctly;

o action: when setting up circuit ensure air detector is securely fitted. When
priming circuit ensure all air is cleared.

e Blood leak;

o potential causes: filter membrane ruptured causing a leak of blood into the
ultrafiltrate; blood leak detection chamber not correctly housed; sensor in
housing in unclean;

o action: when setting up circuit, ensure blood leak detection chamber is housed
in correct position and machine sensor cleaned.



146 Acute kidney injury

e  Fluid balance;

o potential causes: fluid bags moving or swinging below machine; fluid bags not
connected properly; fluid tubing kinked or clamped;

o action: ensure tubing is straight and free from obstruction and fluid bags are
unclamped.

CRRT on deployed military operations

The challenges and demands of providing CRRT in resource limited environments are
not only an issue for low-income settings but also deployed military medical facilities.
Both the UK and US military do not have CRRT immediately available, and plan for
the rapid evacuation of patients who require CRRT. Specialist teams are on standby
to deploy with the equipment and provide in-theatre CRRT to stabilise patients prior
to the transfer, as CRRT cannot be provided in-flight (Nesbitt et al., 2011). Military
CRRT teams deploy infrequently, and there are few documented cases (Nesbitt
et al., 2011). The US research into the use of CRRT in the Iraq conflict reported
AKI secondary to traumatic injuries is a rare complication, albeit one with poor out-
come (Perkins et al., 2008). Perkins et al. (2008) reported the challenge of providing
CRRT to local nationals when there are no renal services or critical care units with
a CRRT capability; they identified this as an ethical dilemma. The need for CRRT
on deployed operations should be risk assessed and considered during the planning
of operations. As equipment and technology improves the increased opportunity to
provide life-sustaining interventions in the deployed setting will potentially increase
the gulf between military, NGO and civilian healthcare facilities all within the same
area of responsibility. As outlined in Chapter 4, the professional and ethical dilemmas
in providing care to local nationals will be a challenge military critical care nurses will
face on operations.
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Sepsis

Sepsis is a time-critical medical emergency and a global problem. Within resource
limited settings sepsis has been identified as likely to contribute to the high burden
of infectious disease (Jacob et al., 2009; WHO, 2015). However, there remains a sig-
nificant paucity of evidence, appropriate consensus guidelines and recommendations
specifically for this setting. With few national organisations to represent countries
at international meetings, this means many international definitions and standards
are based on HIC environments (Singer et al., 2016). While international consensus
definitions are useful for standardisation, limited access to continuing professional
development and resources makes the implementation of these evidence-based inter-
ventions difficult. A survey of anaesthetic providers in sub-Saharan African hospitals
explored the implementation and delivery of international sepsis standards and revealed
just 1.2% of hospitals could implement these standards (Baelani et al., 2011).

Factors which make it difficult to use evidence from HIC includes the fact that life
expectancy in LICs and LMICs is often less. Younger patients may be able to com-
pensate and/or present in later stages of diseases, there may be underlying pathologies
including HIV, TB and malnutrition, which make people (particularly children) more
susceptible due to the associated poor immunological response. Potential causes of
sepsis, including bacterial, fungal, viral, protozoal (malaria) or tropical disease, add
complexity to the presentation and management of sepsis (Kwizera et al., 2016).

Like many critical care conditions, care often commences before admission to crit-
ical care. Key interventions in sepsis care involve early recognition of patients with
sepsis, assessment and screening for the cause of sepsis, early administration of oxygen
and antibiotics and treatment of the underlying cause. Potential barriers to initiating
treatment outside of the critical care unit are outlined in Box 17.1.

Box 17.1 Potential barriers to sepsis care
(Singhi et al., 2009)

e Limited availability of critical care services; this includes technology for
monitoring and equipment to deliver care.
e Inadequate number of trained staff.
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e Limited availability of medications.

Inadequate transport facilities to move critically ill patients to hospitals with
critical care facilities, especially paediatrics.

Delay in seeking and accessing care.

Other diseases, e.g. malaria, dengue.

Higher incidence of malnutrition.

The issue of antimicrobial resistance.

Prohibitive cost of care, which families may be required to pay for specialist
tests or drugs.

In extreme cases, sepsis may be linked to an outbreak, for example cholera or HIN1
influenza; this results in a balance between a high caseload of patients and a low sup-
ply of resources and personnel (Jacob et al., 2013). With few countries having national
surveillance programmes (WHO, 2017a), the identification and monitoring of disease
progression may be difficult. The recent Ebola outbreak in West Africa highlighted the
importance of surveillance monitoring to identify potential outbreaks early. From a hos-
pital perspective, infectious disease outbreaks should be included in major incident plans.

Recognition

Jacob et al. (2009) highlighted the material and human resources which impacted on
sepsis care in Uganda. With low nurse to patient ratios, limited amounts of IV fluids
available in ward areas and access to supplementary oxygen and monitoring resulted
in delays in imitating care.

The revised international definitions of sepsis recommended the use of the Sequential
(Sepsis — Related) Organ Failure Assessment (SOFA). In practice, with limited access
to microbiology services, it may not be possible to use the SOFA screening tool in a
resource limited environment due to limited microbiology services. However, the quick-
SOFA (g-SOFA) (Box 17.2) was developed to quickly identify high-risk patients with
suspected infection outside of the intensive care and prompt further action (Seymour
et al., 2016; Vincent et al., 2016). With limited monitoring, early warning scoring tools
and many unwell patients on wards, the use of the g-SOFA may provide benefits as a
screening tool. The g-SOFA has been used and effective in a hospital in Gabon. Huson
et al. (2016) conducted 329 complete data sets of adult patients and found the g-SOFA
was good predictive value for in-hospital mortality and could identify high-risk patients
with bacterial infection or malaria, when diagnostic tests are not available.

Box 17.2 q-SOFA

Systolic blood pressure <100mmHg
Respiratory rate >22/min

Altered mental state (Glasgow Coma Scale <15)
(q-SOFA 2017)
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Antibiotics and antimicrobial resistance

Rapid administration of antibiotics in sepsis is linked to reduced mortality; however,
the rise in antimicrobial resistance (AMR) is a global concern and there are conflict-
ing messages between these two areas (Reinhart et al., 2017). The WHO (2017b)
identifies AMR is already occurring with malaria, TB, HIV, influenza, E. coli, gon-
orrhoea, Klebsiella pneumoniae treatments. The WHO (2017b) recognises AMR
potentially puts the successes of the Millennium Development Goals and Sustainable
Development Goals (SDG) reaching their full potential at risk. Not including AMR in
the SDGs has been criticised as a missed opportunity, particularly as TB, malaria and
HIV reduction has been identified and resistance to medicines is already seen (Fitchett
& Atun, 2016). AMR is multi-factorial and specific challenges within low-income
settings include overuse, inappropriate use of antibiotics or taken with no professional
oversight, coupled with restricted access to antibiotics and microbiology services to
process samples and monitor antibiotic levels (WHO, 2017b; Thwaites et al., 2016).
Early administration of antibiotics in sepsis has been showed to decrease mortality,
but it should also include rapid de-escalation once the causative organism has been
identified (Reinhart, 2016).

Education

Like many conditions specialist input from a variety of healthcare professionals is
required to prevent sepsis and promote early recognition. When a patient presents
with sepsis and organ dysfunction, it may be the critical care nurse who has the most
knowledge. Their role may be to assess, initiate treatment and co-ordinate patient care;
however, care often begins before the patient arrives at the hospital. The following
steps outline logical time-critical steps to be taken for a patient with suspected sepsis.

1. Education and training of staff and nations focusing on prevention, recognition
and treatment.

a. The term ‘sepsis’ should be used as a standard term amongst healthcare workers
and when speaking to patients and families.

2. Prevention, e.g. HIV prevention, malaria, cholera, Ebola, hand washing, flu, access
to clean water, education, to prevent the spread of infection or to recognise signs
and symptoms of sepsis early.

3. Recognition

a. Assess patient:

i. Do you think it is sepsis? Treat it as sepsis until proved otherwise.
ii. Take a structured history.
iii. Assess patient using Airway, Breathing, Circulation, Disability (neuro-
logical), Exposure approach.
iv. Use q-SOFA.
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v. Early recognition of organ hypoperfusion; do not rely on hypotension to
diagnose septic shock, as often this is a preterminal sign and associated
with high mortality.

vi. Early recognition of septic shock and escalation in care.
vii. Consider potential sources of sepsis including local infections and disease
epidemiology. Use radiological, ultrasound, laboratory results as available.

Identify causative microbiology pathogen:

i. Blood cultures and any other swabs/specimens as appropriate.
ii.  Use rapid testing or microscopy to screen for malaria.
iii. Consider testing for other viruses, e.g. Ebola, dengue, influenza.
iv.  Consider other causes of immunosuppression, e.g. HIV, TB and malnutrition.

Initial treatment — within hour:

SR e An o

Oxygen.

IV access and blood cultures.

If available measure lactate level.

Intravenous antibiotics within one hour of recognition.
Nurse in an observation area (e.g. acute bay on a ward).
Increase the frequency of observations.

Urinary catheter/fluid balance charting.

IV fluid resuscitation.

Urgent senior review and plan:

a.

b.

Regular reviews and escalate if concerned.
Consider critical care.

Ongoing care:

oo o

S o

—

Continue one-hourly observations.

Start fluid balance chart.

Continue oxygen and titrate SpO, >94%.

Review laboratory, radiological and ultrasound results. Does this change your
treatment plan?

Assess all interventions — are they working?

Establish a source of infection and treat, e.g. drain surgical infection.

Daily medical review by the critical care team.

Daily review of antibiotics in response to condition and microbiology. Aim to
change antibiotics or de-escalate as appropriate.

Continue team approach.

Daily medical review and plan including appropriate parameters.
Continuous monitoring and manage situation.

If poor response, re-consider if this is sepsis:

i. pneumothorax;
ii. pleural effusion;
iii.  heart failure;
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Iv.  poisoning;
v. TB;
vi. PCP associated with HIV.

m. Nutrition (consider NG feeding).
n. Microbiology and antimicrobial review. Aim to change antibiotics or de-escalate
as appropriate.
(Reinhart et al., 2017. Kwizera et al., 2016.
Thwaites et al., 2016. Jacob et al., 2013)

In summary, the recent historic World Health Assembly resolution to improve the
prevention, diagnosis and clinical management of sepsis (WHO, 2017c¢) will provide
priorities to improve education and resources for healthcare professionals. For sepsis
care to be effective, clinicians from all settings need to be involved in the development
and promotion of guidelines (Kissoon, 2014). Sepsis requires action on many levels,
from a variety of healthcare organisations including public health, primary health-
care and hospital services to ensure a seamless transition and escalation in sepsis care.
Variations in disease aetiology, high antimicrobial resistance and restricted antibiotics,
resources and trained workforce will continue to pose significant challenges in sepsis
care in resource limited environments. There is an urgent need to develop research and
consensus guidelines into the treatment of sepsis in resource limited environments.
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Vascular
access

Critically ill patients often require vascular access to administer drugs and fluids. Types
of devices include peripheral cannulas, central venous catheters (CVCs), intra-osseous
lines and venous cut-downs. Choosing the type of vascular access will be determined
by the situation, e.g. cardiac arrest, resources available, medication and fluids to
administer and the skills of the person inserting the line.

Peripheral cannulas

In resource limited critical care units peripheral cannulas are likely to be the commonest
type of vascular access used. Challenges with peripheral cannulas include limited skin
antiseptics, dressings which do not allow inspection of the insertion site, and cannulas
may stay in longer than expected. Also, drugs which may cause extravasation and
necrosis may be administered via this route due to a lack of CVCs or operators skilled
to insert this type of line. For example, vasopressors may need to be given carefully
through a peripheral IV line placed in the ante-cubital fossa due to a lack of central
access (WHO, 2013).

Allegranzi et al. (2011) conducted a systematic review of the burden of endemic
healthcare associated infections in low resource settings and found the incidence of
infection acquired in critical care was 47.9 per 1000 bed days, compared to the 13.6 per
1000 bed days in the USA. Vascular access devices were identified as one of the highest
sources of infection in this environment. Principles of caring for a peripheral IV cannula
are outlined in Figure 18.1. To minimise the risk of complication, peripheral cannula care
includes:

carefully observing for signs of extravasation and necrosis;

observing for signs of infection and phlebitis every time the cannula is used;
removing cannulas that are no longer required;

following the principles of infection control prevention when siting and handling
cannulas including hand hygiene, wearing of clean gloves;
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re-siting cannulas that have been in place for longer than 24-48 hours;
documenting when the line was inserted and any concerns or complications.

Tools including the Visual Infusion Phlebitis Scoring Tool (VIPS) (Table 18.1) can
assist nurses to monitor insertion sites and identify potential complications early.

My 5 Moments for Hand Hygiene

Immediately after any task that could involve body fluid 1
exposure, such as:

3a. Inserting or removing the catheter
3b. Drawing blood

Immediately before any manipulation of the catheter and
the i intravenous ication administration system,
such as:

2a. Catheter insertion or removal (before putting on clean,

non-sterile gloves), dressing change, drawing blood, or before
i i If for these pi

2b. Accessing (opening) the administration set and infusion

system

2c. Preparing medications for infusion into the catheter

Key additional considerations for peripheral intravenous catheters

23
24
25

Ensure that a peripheral venous catheter is
indicated. Remove the catheter when no longer
necessary/clinically indicated.

2.1 Prepare clean skin with an antiseptic (70% alcohol, tincture
of iodine, an iodophor, or alcohol-based 2% chlorhexidine
gluconate) before catheter insertion.

2.2 Wear clean, non-sterile gloves and apply an aseptic

procedure (with non-touch technique) for catheter insertion,
removal, and blood sampling.

World Health
Organization

77N
[N 2z

SAVE LIVES

Clean Your Hands

Replace any dry gauze-type dressings every 2 days.
Consider scheduled catheter change every 96 hours.
Change tubing used to administer blood, blood
products, chemotherapy, and fat emulsions within
24 hours of infusion start. Consider changing all other
tubing every 96 hours.

Record time and date of catheter insertion,
removal and dressing change, and condition (visual
appearance) of catheter site every day.

Clean Care
is Safer Care
2005-2015

© WorldHealth Organizaton 2015 Al ights reserved.

A taken by the World

from its use.
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Figure 18.1 Principles of caring for a peripheral IV cannula
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Table 18.1 Visual Infusion Phlebitis Scoring Tool

IV site appears healthy

One of the following evident:

e slight pain near IV site;
e slight redness near IV site.

Two of the following evident:

e pain near [V site;
e erythema;
e swelling.

All the following present:

e pain along path of cannula;
® erythema;
e induration.

All the following are evident and
extensive:

® pain along the path of the cannula;
* erythema;

e induration;

e palpable venous cord.

All the following are evident and
extensive:

® pain along the path of the cannula;
e erythema;

¢ induration;

* palpable venous cord;

® pyrexia.

0

No signs of phlebitis.
Observe cannula.

Possible first signs of phlebitis.
Observe cannula.

Early stage of phlebitis.
Re-site cannula.

Medium stage of phlebitis.
Re-site cannula.
Consider treatment.

Advanced stage of phlebitis or start
of thrombophlebitis.

Re-site cannula.

Consider treatment.

Advanced stage of thrombophlebitis.
Initiate treatment.
Re-site cannula.

Source: VIPS, 2018. Reproduced with kind permission from IV Team

Central venous catheters

Central venous catheters (CVC), also termed central lines, central venous line or cen-
tral venous access, (Picture 18.1) are special lines inserted either into the subclavian,
internal jugular or femoral veins to provide intravenous access. In resource limited
environments CVC may not be available; an alternative may involve the insertion of a
wide bore cannula into the internal jugular to provide central vascular access. In con-
sequence, nurses may have varying experiences of using CVCs in practice.
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Picture 18.1 Central venous catheter. NB the different coloured ports indicate
different sized lumen

In critical care, CVCs are inserted for the following reasons:

e Rapid fluid resuscitation, e.g. trauma, burns, major surgery.

e To measure central venous pressure (CVP).

e To administer drugs that cannot be administered via peripheral lines, e.g. vaso-
pressors, amiodarone, potassium.

e To administer multiple continuous infusions.

e To take blood, e.g. central venous oxygen saturation measurements.

Potential CVC complications include:

pneumothorax;

catheter related blood stream infection (CRBSI);
haemorrhage;

haematoma;

air embolism;

misplacement, e.g. into the carotid artery;
cardiac arrythmias;

cardiac tamponade;

thrombosis;

catheter occlusion.



158 Vascular access

CVP monitoring

CVP monitoring can be either via a transducer attached to a monitor or the use of
a manometer (Cole, 2007). Regardless of the method used, the distal port of the
CVC should be dedicated for measuring CVP. Transducers are measured in millime-
tres of mercury (mmHg), whereas, manometers are measured in centimetres of water
(cmH,0). Normal ranges are 5-10cmH,O or 2—6mmHg.

Measuring CVP using a manometer

To measure a CVP with a manometer, first check the CVC is patent. The manometer
will be attached to a drip stand; therefore to zero the manometer, use the spirit level
attached to the manometer to line up the ‘zero’ on the manometer with the phle-
bostatic axis (fourth intercostal space, mid-axillary line). You may need to move the
manometer up or down to zero. To maintain consistency in results the same position
and landmarks on the patient should be used.

Turn the 3-way tap off to the patient, and slowly fill the manometer column with
fluid. Turn off the flow from the IV fluid bag, and turn the 3-way tap off to the IV
fluids and open to the manometer and patient. The fluid should then fall to the level of
pressure in the central vessels. The fluid will move every time the patient breaths; you
should record the lower number. Finally, turn off the 3-way tap to the manometer and
document the reading.

Measuring CVP using a transducer

To measure CVP using a transducer set requires a monitor with a transducer cable
attached to a special transducer giving set. A pressure bag inflated to 300mHg with
0.9% sodium chloride maintains line patency and provides pressure to measure the
CVP. The position of the transducer is the fourth intercostal mid-axillary line and can
be taped or attached to a transducer table on a drip stand.

When the transducer set is run though, attached and zeroed a continuous trace will
appear on the monitor and provide real-time CVP measurements.

CVC infection

CVCs are high-risk for infection, particularly femoral lines, and there is a higher inci-
dence of central line associated blood stream infections (CLABSI) (Allegranzi et al.,
2011). Arrieta et al. (2015) found the development of CLABSI occurred due to health-
care workers not following evidence-based or standardised healthcare practices. In
addition, Parajuli et al. (2017) reported the need of development and implementation
of infection prevention control practices and protocols, surveillance and antimicrobial
stewardship was required to reduce the incidence of CLABSI. Principles of preventing
CLABSI are outlined in Figure 18.2.
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My 5 Moments for Hand Hygiene
Focus on caring for a patient with
a central venous catheter

1
1
1
1
1
1
1

A}
A Y
.
Immediately after any task that could involve body fluid 1
exposure, such as:

before any

of the catheter and
the i ir ication ini i

system,

such as:

Key additional considerations for central intravenous catheters

1. Indication: Ensure that a central intravenous catheter
is indicated. Remove the catheter when no longer
needed/clinically indicated.

2. Insertion/maintenance/removal

25

2.1 Avoid inserting catheters into the femoral vein. 2.6
2.2 Prepare clean skin with an antiseptic (alcohol-based

2% chlorhexidine-gluconate preferred) before insertion. 2.7
2.3 Use full sterile barrier precautions during insertion (cap,

surgical mask, sterile gloves, sterile gown, large sterile drape). .
2.4  Replace gauze-type dressings every 2 days and transparent

dressings every 7 days; replace dressings whenever visibly
soiled.

i l@&\‘; World Health
%\ﬁé{‘ ,}" Organization

————

SAVE LIVES

Clean Your Hands

Change tubing used to administer blood, blood products,
chemotherapy, and fat emulsions within

24 hours of infusion start. Consider changing all other tubing
every 96 hours.

Use aseptic procedure (with non-touch technique) for

all catheter manipulations.

“Scrub the hub” with alcohol-based chlorhexidine-gluconate
for at least 15 seconds.

Monitoring: Record time and date of catheter insertion, removal
and dressing change, and condition (visual appearance) of the
catheter skin site every day.

Clean Care
is Safer Care
2005-2015

© World Health Organization 2015. Al rights reserved.
H

taken
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25
Hospitals and Faculty of Medicine, Geneva, Switzerland.

Figure 18.2 Principles of caring for a patient with a central venous catheter

Reproduced by kind permission from the World Health Organization.

In resource limited environments evidence has shown compliance with insertion
and maintenance CVC care bundles reduced the incidence of CLABSI (Arietta et al.,
2011). The principles of the CVC insertion care bundle include the following (Scottish
Intensive Care Society Audit Group, 2012):
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e Use of an insertion checklist and documentation. This provides a record and
prompts the operator and assistant to follow best practice. The checklist can also
be used for audit purposes to ensure compliance.

e Hand hygiene and maximal barrier precautions. Strict aseptic techniques on inser-
tion including surgical hand scrub prior to donning surgical gowns and gloves.
The wearing of sterile gloves, gowns, theatre hat, surgical masks and sterile drapes.

e  Catheter selection site. In adults the subclavian line has shown to have a reduced
risk of infection; however, this carries a higher risk of complication (e.g. pneumo-
thorax) and requires a greater skill of the operator. The femoral site should be
avoided due to the increased risk of infection. Regardless of location, ultrasound
should be used to guide placement.

e  Skin antisepsis. 2% chlorhexidine in 70% isopropyl alcohol should be used to clean
the skin and allowed to dry. Fanning, wiping or blow drying should not be undertaken.

e The site should be addressed with a transparent, semi-permeable dressing to allow
inspection of the site.

CVC maintenance bundle include the following;:

e The need for the CVC is reviewed and documented daily.

e Check to ensure the CVC dressing is intact.

e Ensure the CVC dressing is changed every seven days. Routine/daily changes of
dressing should not be performed unless the dressing becomes compromised or
you are unable to check the insertion site. The more times the dressing is changed/
line manipulated increases the chances of introducing infection.

e 2% chlorhexidine gluconate in 70% isopropyl alcohol should be used for cleaning
the insertion site during dressing changes.

e “Scrub the hub’ for 15 seconds prior to accessing any of the access hubs, e.g. to
administer drugs.

e Ensure hand hygiene is performed before accessing the line.

Intra-osseous

The insertion of an IO cannula involves the insertion of a special needle through the
skin, periosteum, the cortex of the bone and into the medullary cavity (Resuscitation
Council (UK), 2011). While the intra-osseous (IO) route is routinely used in pre-
hospital and paediatric emergencies, the use in adult hospital emergencies remains less
frequent. Advantages of IO access include the following:

e  Fasy and quick to insert. IO insertion is faster than establishing IV access, and takes
less than one minute (Day, 2011), with speeds of <20 seconds reported (Ong et al.,
2009). However, the decision to use the IO route may be delayed, for example policies
and training courses may recommend the IO route should be considered. Practitioners
should choose the route they deem most appropriate at the time (Garside et al., 2015).

e Less training is required than for other forms of vascular access and it has fewer
associated complications (Garside et al., 2015).
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e  Fluids, medications and blood products can be delivered with an IO. Flow rates of
up to 125ml/min can be achieved (Day, 2011).

e Rapid administration of medications, with plasma concentrations reaching the
equivalent to central venous catheters (Resuscitation Council (UK), 2011).

e Allows for bone marrow aspiration which can be used for analysis. If using bone
marrow for tests, do not use point of care testing machines, e.g. blood glucose,
arterial gas analysers, as the sample can damage the machines; therefore, all bloods
will need to be sent to the laboratory and marked via the route taken.

While the IO route is predominately used in the pre-hospital/emergency setting, patients
may be admitted to critical care units with an IO in place; therefore, nurses need to
understand what they are used for and how to remove them (Garside ef al., 2015).

There are several types of IO insertion devices including ‘screw’ type devices, drills
or gas pressurised guns. If no IO cannula is available, bone marrow aspiration or spinal
(lumbar puncture) needles can be used (Resuscitation Council (UK), 2011) (Pictures
18.2 to 18.4). Locations for an IO in an adult is proximal humerus, proximal or distal
tibia. In children proximal or distal tibia.

Picture 18.2 10 needle with trocar

Picture 18.3 10 needle with trocar
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Picture 18.4 10 drill

Contra-indications include:

fracture in bone you are planning to use;

osteogenesis imperfecta;

coagulation disorders, e.g. haemophilia;

previous orthopaedic surgery near insertion site;

IO previously within last 24 hours in the bone you are planning to use;
infection at site;

inability to locate landmarks.

10 insertion

The procedure for inserting an IO depends on the device used (WHO, 2013; Resus-
citation Council (UK), 2011).

Assemble equipment.

Wash hands and wear PPE.

Attach needle to 10 device.

Locate landmarks.

Clean the site with alcohol-based solution.

If appropriate, infiltrate the site with local anaesthetic and allow to work. Ong
et al. (2009) identify that the actual effects of using local anaesthetic prior to 10
insertion have not been evaluated.

Use the device to insert IO needle as directed by manufacturer instructions. Stop
when a sudden ‘give or pop’ is felt and the desired depth is obtained.

Release the driver and remove the stylet. Immediately dispose of the stylet in an
approved sharps box.

Secure the IO to prevent accidental dislodgement particularly if you need to trans-
fer the patient.
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Flush the line with 10ml of normal saline (no flush = no flow) then repeated flushes
as required. The insertion of an 10 is relatively painless; however, the administration
of drugs is painful in the conscious patient (Garside et al., 2015). Some operators
administer a local anaesthetic; however, caution should be taken as administration
of local anaesthetic into the circulating volume is dangerous.

Connect the primed giving set to the line. Unless a syringe pump is available, grav-
ity giving sets will not allow administration of fluids. Therefore, a 50ml syringe
connected via a 3-way tap allows for fluids/drugs to be ‘pushed’.

Monitor the site for complications.

Document the procedure.

IO should be removed within 24 hours. When removing the line be careful not to
rock or bend needles. Once removed immediately dispose of the needle in a sharps
bin. Apply pressure at the site if needed and cover via a dry dressing.

Potential complications include (Resuscitation Council (UK), 2011):

extravasation;

embolism;

infection, e.g. osteomyelitis or cellulitis;

compartment syndrome;

skin necrosis;

fracture.

In hospitalised patients, if the line is not documented or handed over, there is a risk
the line may get covered by sheets and blankets and stay in longer than expected,
which could then lead to other complications.

In critical care, the IO route may be used in the emergency resuscitation and stabilisation
of a patient, for example on admission, a collapsed patient on the ward or in the emer-
gency department. Once the patient has been sufficiently volume resuscitated, peripheral
or central venous catheters may be easier to insert, or skilled help will have arrived, and
the IO needle can be removed to prevent potential complications as outlined above.

Venous cut-down

Venous cut-downs have been largely replaced by the use of 10; therefore, this tech-
nique is not frequently performed and tends to be the last attempt when all other
routes have failed. The great saphenous vein is the commonest vein used in both adults
and children and performed at the ankle. The procedure involves the following:

Assemble equipment.

Wash hands and apply PPE.

Immobilise the patient’s lower limb.

Clean the skin using appropriate skin antisepsis and identify the saphenous vein.
Infiltration with local anaesthetic.
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e The vein is identified following incision of the skin and blunt dissection of the
subcutaneous tissue with haemostat forceps.

e 1-2cm of the vein is identified. Ligatures are passed around the proximal and distal
part of the vein. The distal end is tied off.

e A small hole is made into the upper part of the exposed vein and a cannula is
inserted into the vein.

e The cannula is then secured in place.

e The line is flushed with normal saline. If it does not work, the cannula may not
be in the vein.

e The wound should be sutured around the cannula and the site covered with a
sterile dressing.
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Pain management
and sedation

While communicable, non-communicable diseases, child and maternal health have
attracted significant international focus within the UN SDGs, there remains no refer-
ence to pain management, yet acute pain can be accompanied with all these conditions
(Vijayan, 2011; Bond, 2010). The effects of not managing pain in a critically ill patient
include delayed healing and recovery, poor sleep, increased stress response (increased
catabolism, hyperglycaemia, immunosuppression), discomfort, suffering, higher risk
of morbidity, prolonged critical care and hospital stay and risk of developing chronic
pain (Throp & James, 2010; Vijayan, 2011).

A lack of access to appropriate drugs and resources is a daily challenge when trying
to provide analgesia; in addition, limited access to education and ongoing professional
development opportunities result in poor pain management strategies. Nursing and
medical schools may not include pain management as part of the education programmes;
coupled with limited access to professional development opportunities, prescription
patterns may not have changed even though newer drugs may be available within the
department (Vijayan, 2011). A survey of the International Association for the Study
of Pain (IASP) (2010) members in low resource settings revealed 91% of members
reported limited education was the main barrier to pain management (Bond, 2010). In
practice, healthcare professionals may rely on following what others do, learning from
books or by didactic training, with little practical experience (Johnson et al., 2015).

The perception amongst healthcare professionals can influence pain management
strategies; for example, Chan et al. (2008) reported while surgeons recognised effective
pain management improved recovery, they also found 70% of surgeons felt patients
should expect pain post-operatively. Johnson et al. (2015) found Rwandan anaesthe-
tists had little time to follow up patients post-operatively and relied on nurses to assess
and direct pain management, who often requested a pain review only if the patient
complained.

A lack of training and experience can also affect healthcare professionals’ use of
opioids; for example, concerns of overuse of strong opioids exist for fear of causing
addiction, or patients being too sensitive to them, leading to healthcare professionals
not wanting to use opioids (opiophobia) or withholding strong medications, and opt-
ing for sedation and restraint (Soyannwo, 2010; Boni, 2010). Vijayan et al. (1994)
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found 40% of patients who reported moderate to severe pain cited analgesia was
either not given or inadequate. This study lead to the development of an acute pain
service in all university and major hospitals in Malaysia and the concept of pain being
the Sth vital sign’ (Vijayan, 2011).

Additional challenges with managing pain in resource limited environments include
opioids not being freely available and having restrictive laws to prevent abuse. Families
and patients can have negative attitudes towards opioids; with limited information
given to patients pre-operatively regarding post-operative pain management options,
this can lead to patients afraid to ask or report pain and accept the care they receive
(Vijayan, 2011; Johnson et al., 2015).

Most patients in critical care will experience pain (Throp & James, 2010). The
sources of pain can vary, from the primary pathology (e.g. burns, wounds, fractures),
complications of the original problem, pain from critical care interventions (e.g. inser-
tion of central or peripheral lines), painful joints and pain during position changes
(Throp & James, 2010). Exacerbating factors also may include:

o fear, helplessness and loss of control due to the situation that made them require
admission or the unfamiliar critical care environment itself;

e loss of memory due to drugs that have been given, so loss of time. Drugs and/or
condition may not allow them to communicate or understand the situation;

e anxiety and uncertainty about the present and future for the individual and family;

e background noises, e.g. alarms, phones ringing;

e ongoing activity 24 hours a day, e.g. admissions, patients deteriorating, lights not
being turned down;

e inability to sleep;

e frustration, e.g. not being able to do things for themselves or feeling they are not
getting better;

e other sensations: thirst, hunger, hot, cold, cramps, nausea, itching;

e boredom.

Effective pain management in critical care allows ETT tolerance, mechanical venti-
lation, suctioning and other distressing procedures to be undertaken, co-operation
with care, reduce stress response and cause less disturbing memories (Throp & James,
2010). Patients should not be restrained as this will cause injury and increase the
patients’ distress. In addition, to the multi-modal pharmacological approaches out-
lined above, non-pharmacological approaches should be followed (Box 19.1).

Box 19.1 Non-pharmacological and pharmacological
approaches to pain management within critical care

Non-pharmacological approaches:

e Talk to the patient and use their name.
e Encourage visitors to talk to the patient.
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e Tell recovering patients they are doing well; tell those who are less well about
some positive aspects.

e Include the patient; ask them if they are in pain or explain what you are

doing so they feel involved in the care.

Reduce additional sources of discomfort.

Splint and stabilise fractures.

Use distraction therapies, e.g. music.

Try to maintain day and night routines.

Provide good nursing care, e.g. position changes, mouth care to prevent

thirst, ensure patients are not too hot, cold or hungry.

e Therapeutic touch.

e Appropriate use of alarm settings.

Pharmacological approaches:

Ask the patient if they are in pain at regular intervals.

Pre-empt pain, e.g. prior to dressing changes, position changes.
Ensure ‘as required’ analgesia is prescribed for breakthrough pain.
Daily assessment of pain during the ward round.

(Throp & James, 2010)

Assessing pain in a critically ill patient can be challenging, due to sedation or an
endotracheal tube preventing communication, resulting in pain often being under-
assessed and undertreated (Throp & James, 2010; Vijayan, 2011). If the patient is
conscious and can communicate, it may be possible to use the Numerical Rating Scale
(NRS) (0-3 or 0-10 scale) to assess pain and interventions. In unconscious patients,
subjective observation of pain-related behaviours (movement, facial expression and
posturing) and physiological measurements (heart rate, blood pressure and respiratory
rate) may be used to assess pain (Throp & James, 2010). There are specially developed
scoring tools for use in unconscious patients, for example the Behavioural Pain Score
(BPS) or the Critical Care Pain Observation Tool (CCPOT). While validated, they tend
to be linked to sedation scores, with pain scores becoming less sensitive as the patient
becomes more sedated, suggesting sedation may be used to inappropriately control
pain (Whitehouse et al., 2014). Although subjective and less than ideal, pain assess-
ments are important as they allow standardised, consistent information to be gathered
by healthcare professionals to assess the interventions provided.

Critically ill patients often require continuous infusions of both short-acting analge-
sia and sedations if ventilated. Examples include:

e analgesics: morphine or fentanyl;
e sedations: midazolam or propofol.

With few syringe pumps, sometimes boluses of analgesia are administered; this is
risky as it may lead to potential complications, and it leads to peaks and troughs
resulting in poor pain management. If this method is used, the drugs should be
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prescribed regularly to avoid troughs (Throp & James, 2010). The enteral route is
unpredictable, and the absorption of opioids is poor, therefore analgesics in critical
care should be given intravenously.

Analgesics including alfentanil and remifentanil are more expensive and unlikely
to be used in a resource limited environment. Pethidine/meperidine may be used as
boluses for procedural pain relief but should not be used as an infusion. Ketamine can
be used for short procedures and when other analgesics are not available (Throp &
James, 2010; Hodges et al., 2007).

A combination of non-opioid and opioid analgesics may achieve better quality pain
management, and may include:

e paracetamol/acetaminophen (intravenous (IV) if available, or via nasogastric tube
regularly);
e nonsteroidal anti-inflammatory drugs (NSAID), e.g. diclofenac, ibuprofen or keto-
profen (via nasogastric tube, or IV) given regularly unless contra-indicated;
e opioids (preferably as a continuous IV infusion);
e nerve blocks (single-shot nerve blocks or epidural analgesia).
(Throp & James, 2010)

Nerve blocks

Nerve blocks may be a bolus or continuous infusion and will be determined by the
situation, resources and availability of ultrasound (Johnson et al., 2015). Sites include
intercostal, paravertebral, epidural analgesia, transversus abdominis plate (TAP),
femoral nerve and interscalene/brachial plexus nerves (Throp & James, 2010). The
commonest method is likely to be a spinal block (Johnson et al., 20135). If using a con-
tinuous infusion, the catheter and infusion device must be clearly labelled, and a filter
should be used to reduce the risk of infection (Throp & James, 2010).

Patient controlled analgesia (PCA)

The use of patient controlled analgesia (PCA) is increasing (Jain & Chatterjee, 2010;
Hoda et al., 2007; Anwari et al., 2005; Barros & Lemonica, 2003). To deliver a PCA
specialist syringe pumps are required, which may not be available. Alternative meth-
ods include the use of elastomeric pumps (Picture 19.1). An elastomeric pump has a
balloon reservoir which holds the drug. Used successfully for over 20 years, they have
been used to deliver analgesics, chemotherapy, antibiotics, anaesthetics, post-operative
pain control and chronic pain management (Theodorides, 2017).

Depending on the type of pump used, pumps can either deliver a set rate of an anal-
gesic, e.g. for a continuous peripheral nerve block, or via a device to give a bolus of
a drug (Theodorides, 2017). Factors which affect flow include: atmospheric pressure,
e.g. aircraft at altitude, back pressure from IV access, e.g. bent elbows, either over- or
underfilled pumps at the start, temperature, viscosity of fluids used and storage of
drugs, e.g. if the drug was kept in a fridge prior to adding to the pump. Studies have
shown although the flow rates vary, they have been deemed minimal and acceptable
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Picture 19.1 Example of a PCA elastomeric infusion device

(Theodorides, 2017). If using an elastomeric PCA, it is important to observe the patient
for any signs of over- or under-dosing.

Sedation

If using continuous infusions of sedation, a sedation scoring tool should be used; exam-
ples include Ramsay Sedation Scale (RSS) (Box 19.2), Richmond Agitation Sedation
Score (RASS) (Table 19.1) and the Riker Sedation Agitation Score (SAS). There is no
one best sedation score and it will depend on the type of unit. Evidence has shown
using a sedation score is better than not using a scoring tool (Whitehouse et al., 2014).
The optimum sedation level depends on the type of patient, but the ideal for most
patients will be a balance of preventing anxiety and being not too deeply sedated that
they are un-rousable.

Box 19.2 Ramsay Sedation Scoring Tool

Patient is anxious and agitated or restless, or both.

Patient is co-operative, oriented and tranquil.

Patient responds to commands only.

Patient exhibits brisk response to light glabellar tap or loud auditory stimulus.
Patient exhibits a sluggish response to light glabellar tap or loud auditory stimulus.
Patient exhibits no response.

A .

(Anaesthesia UK, 2018)
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Table 19.1 Richmond Agitation Sedation Score

+4  Combative Overtly combative, violent, immediate danger to staff
+3 Very agitated Pulls or removes tube(s) or catheter(s); aggressive
+2  Agitated Frequent non-purposeful movement, fights ventilator
+1 Restless Anxious but movements not aggressive, vigorous

0 Alert and calm

-1 Drowsy Not fully alert, but has sustained awakening
(eye-opening/eye contact) to voice (>10 seconds)

-2 Light sedation Briefly awakens with eye contact to voice (<10 seconds)
-3 Moderate sedation =~ Movement or eye-opening to voice (but no eye contact)

-4 Deep sedation No response to voice, but movement or eye-opening to
physical stimulation

-5 Unarousable No response to voice or physical stimulation

Source: ICU Delirium, 2018

Summary

In resource limited settings, limited specialist pain practitioners means nurses at the
bedside often deal with acute pain. A misconception amongst healthcare workers is that
a non-complaining, non-combative patient is deemed pain free. Pain is termed the ‘Sth
vital sign’ and asking patients if they are in pain regardless of the perception will help
provide effective pain relief and prevent complications. However, to do this healthcare
professionals must have the confidence to deal with pain and this can only be achieved
through effective education programmes, experience in practice and role-modelling.
Unrelieved pain causes significant suffering for patients. Nurses spend the most time
with the patients and can prevent or intervene early when a patient is in pain; this is the
cornerstone of good nursing care. Interventions may include both non-pharmacological
and pharmacological approaches.
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Nutrition,
rehabilitation and
discharge from
critical care

Nutrition

Nutrition is essential for recovery from critical illness, but is often neglected in the
clinical setting (Azim & Ahmed, 2016). The evidence supporting early enteral feeding
in the critically ill patient has been well documented. Over- or under-feeding patients
are associated with complications; nutritional requirements depend on multiple factors
including the patient’s baseline nutritional status, severity of illness, the progression
of illness, use of mechanical ventilation, sedation and analgesics (Azim & Ahmed,
2016). In low resource settings, additional challenges may include patients who are
malnourished prior to admission; in consequence, balancing the correct nutritional
requirement is highly specialised (Giannou et al., 2013). Critically ill patients are
also at risk of developing malnutrition resulting in loss of body mass, poor wound
healing, impaired immune function, poor diaphragmatic strength, and increased risk
of hospital-acquired infection and organ dysfunction (Azim & Ahmed, 2016; Kim &
Choi-Kwon, 2011). Studies have shown patients’ nutritional status changes and can
deteriorate during their hospital stay, even though enteral nutrition was provided
(Kim & Choi-Kwon, 2011).

Overfeeding can also lead to hepatic dysfunction, hyperglycaemia and increased
risk of infection. Causes of over-feeding can come from poor nutritional monitoring/
lack of dietician input, not including non-nutritional energy sources, e.g. propofol
infusions, and not changing the energy requirements to meet the changing physiology
(Azim & Ahmed, 2016).

Patients with severe malnutrition require specialist dietician input. Specialist guide-
lines developed by the WHO provide practical guidelines, which consider limited
resources when treating severely malnourished children (Ashworth ez al., 2003).

Nutritional assessment on admission is a useful tool to provide a baseline. There
are various methods for measuring nutritional status including weight and body mass
index (BMI), nutritional screening tools, e.g. Malnutrition Universal Screening Tool
(MUST), Nutritional Risk Scores (NRS) or the Nutritional Risk in the Critically Tl
(NUTRIC) scores. To calculate nutritional requirements, predictive equations for cal-
culating energy requirements are used, with the Harris-Benedict equation being the
most commonly used method (Azim & Ahmed, 2016; Kim & Choi-Kwon, 2011).
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In critically ill patients, the enteral route of nutrition is the preferred method with
the aim of establishing feed within 24 to 48 hours of critical care admission (Azim &
Ahmed, 2016). All patients should be enterally feed unless contra-indicated and high-
risk conditions that require a greater need for nutritional support include:

—  severe trauma;

—  sepsis;

— fasting for more than seven days post-surgery;

—  post-operative weight loss greater than 15%;

— serum albumin level <30g/gl;

— severe burns;

— upper gastro-intestinal injuries;

—  pancreatic injury;

- high-output bowel fistula;

- chronically discharging sinus or chronic wound;

- severe maxillo-facial injuries;

— tracheostomy that makes swallowing difficult.
(Giannou et al., 2013)

Conventional standard feeds are unlikely to be available and alternative sources of
enteral feed may be used. These include milk and egg feeds, watery porridge or soups;
however, the nutritional content may be difficult to establish (Azim & Ahmed, 2016;
Carter & Snell, 2016). With limited resources and staff to feed patients, family mem-
bers may be used to mix and deliver enteral feeds to patients; this allows patients to
receive regular bolus feeds and observation for any complications (Mahoney et al.,
2017; Maude et al., 2011).

Enteral feeding may be continuous feeding via gravity or volumetric pumps or by
bolus feeding (Kim et al., 2012). Strategies to prevent complications of enteral feeds
may include (Giannou et al., 2013; Rutledge & Nesbitt, 2013):

— warm feeding solution;

— metoclopramide, to decrease nausea and increase peristalsis and absorption;

— acid suppression;

— Imodium and dilution of the feeding solution for diarrhoea;

— awareness of the possibility of constipation in the immobile patient;

— attention that the NG tubes may become blocked by crushed tablets;

—  keep the patient’s head >30° up during feeding and keep up for 30 minutes after-
wards to prevent aspiration;

— the size of the tube and type of fluid being administered as tubes may become
blocked. Flushes of boiled, bottled or sterile water should be used to prevent
blockages;

—  start continuous enteral feeds at a rate of 25-50ml/hr then gradually increase until
the target regimen has been reached.

During enteral feeding, the stomach contents should be aspirated to confirm the feed
has been absorbed and reduce the risk of vomiting (Table 20.1).
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Table 20.1 Flow chart for NG aspiration of stomach contents when
establishing enteral feeding and ongoing care

Step 1: Insert NG tube and confirm position

Step 2: Commence feed at 25-50ml/hr

Step 3: Aspirate NG tube after six hours of feeding

Step 4: Aspirate Aspirate Aspirate Aspirate Vomiting
<300ml 300-400ml 400-500ml  >500ml Stop feed
Replace Replace Replace Replace Aspirate and
aspirate 300ml 300ml 300ml discard stomach
Increase feed Discard Discard Discard contents
as tolerated/ balance balance balance Restart feed
indicated Continue at Reduce rate Reduce rate to after one hour
until target  same rate  to 15-20ml/hr 10-20ml/hr at half the
rate reached original rate

Source: Rutledge & Nesbitt, 2013

Naso-gastric tubes

Enteral feeding and administration of medications may be provided via naso-gastric
(NG) tubes, e.g. Ryles tubes, fine-bore feeding tubes or Foley, Foley catheters inserted
to provide gastrostomy and jejunostomy feeding (Giannou et al., 2013). Potential risks
of NG tube insertion include (Rutledge & Nesbitt, 2013):

insertion into the lungs;

insertion into the brain in cases of fractured base of skull;

coiling in the throat. In an intubated patient, the NG tube can wrap around
(‘lasso’) the ETT. Refrigerating the tube helps to reduce the risk of coiling;
perforation of the oesophagus;

retropharyngeal abscess;

damage to the epithelium;

confirmation of NG position may be difficult due to a lack of pH test strips and
the risk of aspiration is high.

Confirmation of position involves the following;:

Train staff involved in NG tube care to check the position of the tube prior to use.
Record the length of the tube at the nostril and check the position prior to use.
pH testing of NG aspirate. A pH of between 1 and 5.5 is deemed within the safe
range (Picture 20.1).

X-ray should be used as a second-line test when no NG aspirate can be obtained
or the pH test is out of range.
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Picture 20.1 pH test strips for confirming NG tube position

e The position of the tube should be documented, including how the position was
confirmed. Any tube not inserted correctly must be removed immediately.
e NG tubes must not be used (e.g. flushed or feeding commenced) until the position
has been confirmed.
(Rutledge & Nesbitt, 2013)

Methods which must not be used include:

the ‘whoosh’ test (listening for air while injecting air through the NG tube);
Blue litmus paper to confirm acidity or alkalinity;
absence of respiratory distress;
bubbling at the end of the tube;
appearance of feed in the NG tube.
(Rutledge & Nesbitt, 2013; NHS Improvement, 2016)

Total parental nutrition

When the oral and/or enteral route is unable to meet the nutritional needs of the patient,
the Total Parental Nutrition (TPN) route may be an option (Rutledge & Nesbitt,
2013). In resource limited environments access to TPN may be limited. Complications
of TPN include (Rutledge & Nesbitt, 2013):

central venous catheter related sepsis;
hypo- or hyperglycaemia;

liver dysfunction;

electrolyte and mineral disturbances;
volume overload.
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In critical care, TPN tends to be administered via a dedicated line on a central venous
catheter and administered the same way as other intravenous infusions. Regular elec-
trolyte monitoring and specialist dietician input will be required.

Rehabilitation following critical illness

The WHO recognises as part of the provision of acute care, rehabilitation services are
an essential part of service provision, but often services are fragmented, with a greater
focus on emergency care (Hirshon et al., 2013). Physiotherapists, also termed physical
therapists, provide an important component of care for the critically ill patient. There
are no universal standards relating to the number of physiotherapists, occupational
therapists, speech and language therapists and specialist doctors to support rehabilita-
tion care. However, the number of trained physiotherapists in the low income settings
is estimated to be fewer than 10 per 1 million (WHO, 2017), which is a significant
shortfall in service provision.

The role of physiotherapist differs throughout the world, and little has been pub-
lished on the role of physiotherapists in resource limited environments. Physiotherapists
may focus more on treating respiratory conditions; this may be due to few staff to
develop and deliver complex rehabilitation plans (Tadyanemhandu & Manie, 20135;
Kumar et al., 2007; WHO, 2017). With few healthcare professionals, often there is an
overlap of roles and nurses may be required to co-ordinate or deliver treatment plans
set by physiotherapists. Specific challenges may include, overcrowding on wards,
resulting in few bedside chairs for patients. A lack of specialist equipment including
wheelchairs and prosthesis mean patients remain in bed.

A lack of manual handling equipment and training mean patients need to be lifted
when repositioning in bed or moving from bed to chair; this increases the risk to injury
to both patients and healthcare professionals.

Limited manual handling equipment and staff mean unconscious patients may
not be repositioned frequently, resulting in patients developing pressure sores. While
patients may survive critical illness, the development of a chronic pressure sore can lead
to depression and stress as the individual recognises they are no longer independent or
able to work and be financially stable (Nthumba, 2016). The assessment and manage-
ment of pressure sores are outlined in Chapter 36. When re-positioning patients, check
limbs are not trapped and that they are well supported with pillows and blankets.

Venous thromboembolism (VTE)

Venous thromboembolism is a term used to describe both deep vein thrombosis (DVT)
and pulmonary embolism (PE) (Davies & Pilcher, 2014). Predisposing factors for VTE
include (Davies & Pilcher, 2014):

e venous stasis;
e vein wall injury;
e hypercoagulopathy of the blood.
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Patients in critical care are at risk of developing a DVT due to a variety of factors
including immobility (bed-rest), surgery, trauma, burns, malignancy, pregnancy, throm-
bophilia, obesity, smoking, central venous catheter and heart failure (Davies & Pilcher,
2014). Ascertaining the true extent of DVT incidence and prophylaxis may be unclear.
Good practice includes finding out if:

e there is access to DVT prophylaxis and if local colleagues routinely prescribe
anti-coagulate drugs;

e anti-embolism stockings are available and/or used;

e the unit has any guidelines or audits.

DVT prophylaxis includes use of anti-coagulant drugs, anti-embolism stockings,
intermittent compression devices (if available); non-pharmacological methods include
good pain management allowing for early patient mobilisation, physiotherapy and leg
exercises (Giannou et al., 2013; Davies & Pilcher, 2014).

Discharge for critical care

The decision to discharge a patient from critical care in a resource limited environ-
ment depends on several factors including the pressure for beds and the quality of
care to be found on the ward (WHO, 2003). Often there is no ‘high dependency area’,
and patients go from intensive nursing care to ward-based care with low nursing
numbers (Carter & Snell, 2016). The discharge criteria may follow the WHO (2003)
standards:

conscious;

good airway, extubated and stable for several hours after extubation;

breathing comfortably;

stable blood pressure and urine output;

haemoglobin >6g/dl or blood transfusion in progress (the patient should not be
transferred with a transfusion in progress);

e minimal naso-gastric drainage and bowel sounds, abdomen not distended;

e afebrile;

e not confused.

Preparing a patient for discharge involves liaising with the patient and family, the med-
ical team and admitting ward. All patients should be assessed prior to discharge using
the A-FE approach and any concerns addressed before transfer.

Medical/nursing handover
Once accepted by the ward medical team, a detailed handover from critical care doc-

tors and nurses to the receiving team should be undertaken. The medical notes should
be updated and include discharge summary and plan.
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Preparing the patient and family

Explain the discharge plan to the patient and their family. Provide information includ-
ing the ward name, telephone number, location, visiting time and any additional
relevant information. When appropriate gradually start to reduce the frequency of
monitoring and equipment attached to the patient, to prepare them for the ward where
less monitoring will be available.

Patient assessment
Table 20.2 Patient assessment

Preliminary Discharge criteria met?

information Ward bed identified?
Accepted handover by medical team?
Patient/family informed?
Background information:

e date of admission to hospital;

® number of days on critical care;

® reason for admission/diagnosis;

e summary of procedure/stay on critical care;
® past medical history;

e allergies;

e name band checked and correct.

Airway Patent?
Any airway adjuncts?
Date extubated?
If tracheostomy tube in place:

e date inserted;
® size and type;
e inner tube last checked/changed?

Breathing Self-ventilating?
Oxygen therapy?
Respiratory rate and oxygen saturations
Productive cough
Chest physiotherapy input/plan?
Chest drain in place/date removed?
Date of last chest X-ray?

Circulation Pulse
Blood pressure
Any cardiac medication?
Most recent blood results
Intravenous fluids in progress?
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Table 20.2 Continued

Urinary catheter:

*  size;
e date inserted/removed?
® output?

Signs of infection:

e Dbarrier nursing required;
e source of infection?
e antibiotics/microbiology results.

Intravenous access:

e type/size/location;

e date inserted;

® any signs of infection?

e is IV access still required?

Neurological assessment (Glasgow Coma Scale and pupil size and reaction)
Blood glucose level

Pain assessment

Prescribed analgesia (regular or as required) — is it effective?

Sleep pattern

Mood

Core temperature
Pressure areas assessment
Any wounds:

e Jocation;

® type, e.g. surgical, pressure sore;

e wound care plan completed including dressing regimen;
¢ when was dressing last completed?

Nutrition status (oral fluids/diet/enteral feeding)

NG tube size/measurement at nostril/date inserted

Enteral feeding regimen agreed by dietician

Any complications, e.g. nausea/vomiting, constipation/loose stool

Bowels last opened?

Any aperients required?

Mobility assessment:

e physiotherapist input;

e assistance required to re-position in bed, transfer from bed to
chair, stand, and walk;

® any aids available, e.g. crutches, wheelchair?

Do you have all the notes and X-rays?

Check patient has a name band

Has the doctor completed a discharge summary or letter?

Have enough intravenous fluids been prescribed for next 12-24 hours?
Ward observation and fluid chart commenced
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Time of discharge and follow-up

The time of discharge is an important consideration. Hospital staffing tends to be
at its lowest at night and at weekends; in consequence, admission or transfer to a
ward during these times is associated with increased mortality. Studies have shown in-
hospital cardiac arrests occur ‘out of hours’ and are likely to be ‘un-witnessed events’
(Resuscitation Council (UK), 2016). When planning a discharge from critical care, ‘out
of hours’ should be avoided due to the limited staff available to adequately assess and
respond to any deterioration.

Depending on staff availability, discharged patients should be followed up to find
out what happened to them. If the patient dies, try to find out where the death took
place and learn from it (WHO, 2003). However, finding this information can be
difficult. Smith et al. (2013) conducted a retrospective observational study in one hos-
pital in Ethiopia to assess outcomes following admission to a critical care unit. Smith
et al. (2013) found overall critical care mortality was 50.4%; they concluded poor
record-keeping prevented accurate follow-up of discharged patients and survival from
hospital is unknown. All critical care units should have an admission and discharge
book. This will allow follow-up of patients post-discharge. Nurses should be encour-
aged to take responsibility to record the discharge information and feedback given to
teams on the outcome.
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Critical care
transfer

In a resource limited environment, a critically ill patient may need to be transferred
for a variety of reasons including transfer from the ward to a critical care unit, from
a critical care unit to another part of the hospital or transferred to another hospital
for specialist care, e.g. neurosurgery. There is little evidence surrounding the transfer
of critically ill patients in resource limited settings, but it is recognised inter-hospital
transfers are likely to be high given the geographical spread of hospitals and few spe-
cialist services (Verma et al., 2013).

The decision to transfer must be based on a risk/balance benefit, as there are many
complications which may adversely affect the patient (Kulshrestha & Singh, 2016;
Intensive Care Society, 2011). The regionalisation of specialist centres, for example
paediatrics, level 1 trauma centres and neurosurgery, is accepted as best practice.
However, Goh et al. (2003) hypothesised the regionalisation of services would have
an impact on overall morbidity and mortality due to transfers being undertaken
by non-specialist teams. They argued given the high critical care workload in some
specialities, for example paediatrics, healthcare professionals in rural and regional hos-
pitals would receive the frequency of patients to attain and retain their proficiency,
if appropriate education and resourcing were to be made available. While specialist
services are essential, Goh et al.’s study demonstrated the need for specialist services
and resources in all hospitals, as transfers are likely to be undertaken by non-specialist
teams, increasing the risk of potential complications.

For inter-hospital transfers the move is likely to be by road, over a long distance
and may involve periods of off-road driving. The availability of skilled transfer nurses
and doctors and specialist equipment may be varied. Many critical care units vary
from basic units with limited resources and staff to tertiary referral centres. There may
be only one nurse to transfer the critically ill patient, and while the nurse and escort
team are away the hospital critical care and anaesthetic services may be significantly
reduced, until they return.

Undertaking inter-hospital transfers

In the absence of an anaesthetist, it is likely the nurse is the most qualified person to
undertake the transfer. Dedicated ambulances may be available; however, the skills of
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the crew may be varied. All transfers involve changes in momentum, acceleration and
deceleration forces, which can affect patients. Potential respiratory effects associated
with transfer (Baker & Whiteley, 2013) include the following;:

e  Gravitational forces affect the distribution of blood within the lungs, which could
lead to blood being forced away from the well-perfused areas of the lungs to
other areas, resulting in a ventilation — perfusion mismatch, leading to increased
hypoxia.

e Exacerbation of bronchospasm in patients with asthma and chronic obstructive
airways disease.

Cardiovascular effects may include (Baker & Whiteley, 2013):

e  fluid shifts;

e hypotension;

e myocardial ischaemia;
e arrythmias.

Critically ill patients may have an impaired ability to maintain their temperature. When

exposed to environmental changes, patients may become hypothermic. This leads to

depression of cardiovascular and respiratory function, reduced consciousness and

metabolic derangements and coagulopathy. Patients’ temperature should be regularly

checked and hypo- and hyperthermia should be prevented (Baker & Whiteley, 2013).
Other potential complications associated with transfers, include:

e the effect of noise and vibration on the patient;

e challenges with communication due to noise;

o effect of acceleration and deceleration forces (e.g. braking) on physiology and the
increased the risk of gastric aspiration;

e risk of injury due to equipment not being secured;

e light may be limited, particularly when travelling at night, which may result in you
not being able to observe your patient;

e being unable to access the patient due to their position in the vehicle, e.g. IV access
may be under blankets.

When planning a transfer the following considerations should be undertaken regard-
less of the type of transfer (Intensive Care Society, 2011):

e Who will be doing the transfer? What is their experience? Talk through your plans
and any complications that you think may happen and how you will deal with
them.

e Check emergency transfer equipment, including sufficient oxygen and drugs for
the journey. Some units have dedicated transfer equipment and checklists to help
you prepare.

o What equipment do you have available?
o Have you checked it?
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e Establish the patient on transfer monitor and ventilator.

—  Monitor to include: ECG, blood pressure, oxygen saturation, end tidal carbon
dioxide, temperature.

e Transfer the patient onto the ambulance trolley, ensuring they are not lying on any
lines, bungs, etc.

e  Cover the patient with blankets and keep them warm.

e All lines and infusions running are adequately secured and labelled.

e Do not rest pumps or oxygen cylinders on the patient as this may cause pressure
damage or they may move during transfer.

e Airway.

—  Consider C-spine immobilisation prior to transfer.

—  DPatients with a Glasgow Coma Scale of less than 8 should be intubated prior
to transfer.

—  Check the endotracheal tube is secured and patent.

— If required, the cervical spine needs to be protected.

—  Tracheal tube position confirmed on chest X-ray.

— Adequate sedation, analgesia and muscle relaxation needs to be given, while
avoiding hypotension and reduced cerebral perfusion pressure (CPP).

e Breathing.

— Adequate spontaneous respiration or ventilation established on transport ven-
tilator. Ventilation should target PaO, levels of greater than 13kPa and PaCO,
levels of 4.5-5.0kPa.

— If available end tidal CO, monitoring should be used.

— Adequate gas exchanged confirmed by arterial blood gas.

— If the patient has a pneumothorax, this must be drained prior to transfer.
Drains should never be clamped, and care should be taken to check the posi-
tion and that they are not raised above the level of the patient.

e Circulation.

— Heart rate and blood pressure optimised. Hypovolaemic patients should be fluid
resuscitated prior to transfer. If the patient remains hypotensive, other sources of
bleeding/fluid loss should be investigated prior to starting vasopressors.

—  Assess tissue and organ perfusion is adequate.

- Potassium <6mmol/I.

— Tonised calcium >1mmol/l.

— Acid-base balance acceptable.

— Haemoglobin adequate.

—  Minimum of two routes of venous access.

— Arterial line and central venous access if appropriate.

o  Check the patient has peripheral IV access in case the central venous cathe-
ter becomes dislodged or you are unable to access it when in the ambulance.

o If the patient has an arterial line in place, still take a non-invasive blood
pressure (NBP) cuff, in case the arterial line becomes dislodged.
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o NBP can be unreliable due to motion and can be a significant drain on bat-
tery supply monitors; therefore, if available, an arterial line may be indicated.

— Intra-thoracic and intra-abdominal bleeding controlled.
— Intra-abdominal injuries adequately investigated and appropriately managed.
—  Urinary catheter inserted and draining adequate amounts?

e Disability (neurological).

—  Care must be taken with brain injured patients as a poorly conducted transfer
can lead to secondary brain injury and poor outcome. Causes of secondary
brain injury include: raised intra cranial pressure (ICP), hypotension, hypoxia,
hypercarbia, cardiovascular instability and hyperpyrexia.

- Seizures controlled and metabolic causes excluded.

— Raised intracranial pressure appropriately managed.

- Analgesia provided.

— Sedated and paralysed as appropriate.

—  Blood glucose >4mmol/I.

e Exposure/environmental.

— Long bone/pelvic fractures stabilised and splinted to provide neurovascular
protection and analgesia.

— Temperature maintained.

—  Oro-/naso-gastric tube on free drainage.

Other considerations:

e Prior to departure, assess the patient to confirm they remain stable.

e Telephone the department/hospital to let them know you are on your way, the
patient’s current condition and estimated time of arrival.

Do you have named medical and nursing personnel at the receiving hospital?

Do you have the address?

Patient notes, X-rays, etc.

Does the patient’s family know about the transfer?

How will you get back to your hospital?

Do you need warm clothing, snacks, etc?

During the transfer:

e  For the majority of cases high-speed travel is not required. When in the ambulance
you should remain seated and wear a seatbelt. In the event of a deterioration, do
not attempt to undertake any intervention in a moving vehicle — ask the driver
to stop.

Check the patient’s trolley is secured.

If available, plug electrical devices into the ambulance power supply.

Use the ambulance oxygen supply for the ventilator.

Check all equipment safely mounted or stowed.
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Droogh et al. (2015) identified that common complications during transfer may
include:

e respiratory: inadequate ventilation, oxygen desaturation;
e cardiovascular: hypo-/hypertension, brady-/tachycardia, arrythmias;
e technical: power failure, gas supply failure, missing or damaged equipment.

Handover

Throughout the transfer clear records should be maintained including the patient’s
condition and any intervention undertaken. Monitoring should include:

pupillary size and reaction to light;

continuous ECG;

continuous pulse oximetry;

non-/invasive blood pressure;

urine output by urinary catheter;

continuous capnography trace;

central venous pressure monitoring where indicated;

e temperature (preferably core and peripheral);

e this should be documented on an observation chart or specialist transfer paperwork.

On arrival, a formal handover should be given by the transfer team to the receiving
medical and nursing team who will then assume responsibility for the patient’s care
(see ‘Medical/nursing handover’ on pp. 177-179). A summary of the transfer should
be documented in the patient’s notes.
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Human
immunodeficiency
virus (HIV)/
acquired immune

deficiency
syndrome (AIDS)

Human immunodeficiency virus (HIV) is a complex retrovirus that uses a ribonucleic
acid (RNA) to replicate itself. There are two types of HIV: HIV-1 and HIV-2. HIV-1
is the commonest form of the virus and HIV-2 is predominately found in West Africa
and thought to first have infected humans in the 1940s (Coughlan & Nevin, 2014).
HIV is transmitted by three routes:

e sexual transmission;
e transmission by body fluids including unscreened blood and blood products;
e transmitted vertically from mother to child.

Significant improvements have been made in the prevention, diagnosis and treatment
of HIV worldwide. In 2017, the UN estimated 36.9 million people were living with
HIV, and 21.7 million people were accessing anti-retroviral treatment (ART) (UN,
2019). The WHO (2017) estimated 54 % of adults and 43 % of children receive lifelong
ART. HIV is a chronic, life-threatening disease with no cure. Newly diagnosed HIV
sufferers who commence treatment can remain well with a life expectancy comparable
to those without HIV and it can be considered and managed as a long-term condition
(Crock, 2017). People with HIV may not develop AIDS and without treatment AIDS
is usually fatal. The UN SDG has an ambitious aim of ending the AIDS epidemic by
2030 (UN, 2017).

Fear of transmission and stigma that leads to discrimination remains. In conse-
quence, there are many people who do not receive ART early and are associated with
poor outcome. Acute deterioration may require admission to critical care and it is only
during this time that a diagnosis is made.

CD#4 cell count is used to stage HIV infections to assess the disease progression and
immune status of a patient (Taegtmeyer et al., 2014). The normal CD4 count is 800
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to 1500 x 106/L. A count of <200 x 106/L indicates severe immunosuppression and
makes the patient at risk for opportunistic infection. The clinical stages are outlined
in Box 22.1. HIV patients develop many critical illnesses due to one of the following
reasons (Timsit, 2005; Ganesan & Masur, 2013; Dart et al., 2017):

e Those with a known HIV diagnosis or due to complication of their disease, e.g. an
opportunistic infection (Table 22.1).

e Those admitted for a non-HIV-related condition such as complications of elective
surgery, trauma-related admissions, pancreatitis, and gastrointestinal bleeding.

e Those unaware of their HIV status and diagnosed during their admission.

e Those on ART and living longer and non-HIV-related conditions may require
critical care treatment.

Box 22.1 Clinical staging (Taegtmeyer, et al.)

Clinical Stage 1:

e Primary HIV infection: asymptomatic or seroconversion syndrome.
e Asymptomatic or persistent generalised lymphadenopathy (PGL).

Clinical Stage 2:
o Weight loss <10% of presumed body weight.
e Recurrent respiratory tract infections.
e Herpes zoster.
e  Oral ulcers.
e Seborrhoeic dermatitis.
e Fungal nail infections.
e Angular cheilitis.
Clinical Stage 3:
e Weight loss >10% presumed body weight.
e  Unexpected diarrhoea for >1 month.
e  Unexpected fever for >1 month.
e Oral candida.
e  Oral hairy leukoplakia.
e Pulmonary tuberculosis.
e Severe bacterial infections (meningitis, empyema, pneumonia, bone and joint

sepsis).
e  Vulvo-vaginal candidiasis for >1 month.
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Clinical Stage 4:

HIV wasting syndrome.

Pneumocystis pneumonia.

Cryptosporidiosis or cystoisosporiasis and diarrhoea for >1 month.
Chronic herpes simplex infection for >1 month.
Oesophageal candidiasis.

Extrapulmonary tuberculosis.

Kaposi’s sarcoma.

Cerebral toxoplasmosis.

HIV encephalopathy.

CMV infection.

Cryptococcal infection.

e  Atypical mycobacterial infection.

e Lymphoma.

Patients may present with pyrexia of unknown origin. Fever with or without local-
isation is a common presentation among individuals with HIV. If fever lasts longer
than a few days, it is likely to be TB. HIV infection increases the risk of TB and
should always be suspected in HIV-infected individuals with the following symptoms
and signs:

o fever;

cough;

weight loss;
malaise;

night sweats;
chest pain;
abdominal pain;
lymphadenopathy.

(Hoffman & Chaisson, 2009)
Common causes of febrile illness among HIV-infected individuals include:
e TB;

bacteraemia (Salmonella, Pneumococcal);
e malaria;

Cryptococcus neopformans;

lymphoma;

Mycobacterium avium complex (MAC);

Penicillium marneffei (particularly found in Asia);

visceral leishmania (found in Bangladesh, India, Brazil, Nepal, Sudan and Ethiopia).
(Hoffman & Chaisson, 2009)
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Often other conditions including malaria, hepatitis B and C and TB co-exist, adding
complexity to treatment. Opportunistic infections may result in the requirement for
critical care and include:

e respiratory failure requiring mechanical ventilation, e.g. PJP. This may be compli-
cated by pneumothoraces;

e complications of ART including dyslipidemias, insulin resistance, diabetes;

e central nervous system dysfunction. Meningitis or toxoplasma encephalitis cau-
sing sepsis, reduced consciousness, fitting coma and an inability to maintain a
patent airway;

e  sepsis;

e gastro-intestinal bleeding;

e end stage liver failure, secondary to viral hepatitis;

e renal disease secondary to HIV-associated nephropathy, hepatitis B or C coinfection,
diabetes, or hypertension.

(Post, 2018; Coughlan & Nevin, 2014;
Chiang et al., 2011; Huang, 2006; Pathak et al., 2012)

Decision to admit to critical care

The decision to admit and initiate critical care treatments with patients with HIV or
AIDS, with a potentially reversible and treatable condition, poses ethical decisions
for healthcare workers when trying to balance limited resources (Kar et al., 2015).
Admission guidelines may help guide decision-making; however, patients may not
be identified as HIV positive on admission to critical care (Chiang et al., 2011).
Patients may be admitted without their HIV status known or a confirmed diag-
nosis. Given HIV-infected patients may have multiple processes and continue to
deteriorate despite appropriate therapy for the known condition or disease, this
may promote the healthcare team to consider HIV testing (Hoffmann & Chaisson,
2009). Routine HIV screening may be appropriate if the HIV status is unknown,
to enable appropriate care to be provided. However, the routine testing of patients
without consent, e.g. unconscious, should not be performed unless agreed as part
of hospital protocol and deemed in the patient’s best interest (Bisanzo et al., 2016;
Thornhill et al., 2014). If performed and the result is positive it is important to
provide appropriate counselling, confidentiality and discussion regarding options
for partners’ testing. The pre- and post-testing discussion should be undertaken by
someone trained in this area.

Given the variety of reasons for admission, the nursing management will be deter-
mined by the reason for admission and may or may not be related to their HIV/AIDS
diagnosis, for example a trauma patient involved in a road traffic collision versus a
patient with an acute respiratory deterioration due to PJP. The nurse’s role is to recog-
nise the potential consequences of a HIV diagnosis, e.g. immunosuppression, delayed
wound healing and optimising patient care; this includes nutrition and maintaining
confidentiality. In addition, often HIV and other infections including TB and malaria
co-exist and add complexity to treatment strategies.
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Any patient admitted to critical care with a new diagnosis or chronic disease is com-
plex and will require input from other specialties including HIV specialists. It is often
recommended if the patient is already on ART this should continue during an acute
HIV admission. Adequate drug delivery and absorption of ART may be a challenge;
with limited access to syrups or IV sources, crushing of tablets may be appropriate.
However, pharmacist input will be required. In addition, ART can affect certain drugs
used in critical care, for example protease inhibitors significantly potentiate the effects
of midazolam (Padiglione & McGloughlin, 2014).

The timing of when to start ART is controversial and is often delayed until the patient
has recovered. The potential early improvements in immune function need to be bal-
anced against the potential side effects from introducing new drugs and increasing the
risk of complications from immune reconstruction. Evidence currently suggests early use
of ART therapy is associated with improved survival in most opportunistic infections;
however, specialist HIV expert input is required (Padiglione & McGloughin, 2014).
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Tuberculosis

Tuberculosis (TB) is the most common infectious disease in the world (Mandal et al.,
2004). TB is caused by the Mycobacteria tuberculosis (MTB) complex, given the
genetically similar bacteria, and includes M. tuberculosis, M. bovis and M. africanum
(Squire, 2014). TB often co-exists with other diseases including HIV. There should
be a high degree of suspicion for dual infection with HIV-infected patients (Bisanzo
et al., 2016). Protection against TB includes effective diagnosis, treatment of patient
with active infections and prevention of the transmission of TB to others (Centers for
Disease Control and Prevention, 2003). The commonest cause of TB is pulmonary,
accounting for 85% of presentations. Less common causes include extrapulmonary
TB (lymphadenitis, genitourinary, miliary and bone, and meningeal and peritoneal TB)
(Bisanzo et al., 2016; Squire, 2014). TB presentation varies, and immunosuppressed
patients may not present with ‘classic’ signs and symptoms (Bisanzo et al., 2016).
Signs and symptoms include:

e general signs: fever, night sweats, fatigue, anorexia, weight loss;

e pulmonary TB: cough >2 weeks, haemoptysis, chest pain, difficulty in breathing,
crepitation, wheeze, clubbing;

e extrapulmonary TB: dependent on location, e.g. abdominal TB may present with
abdominal pain and ascites;

e  Multidrug-Resistant TB: this should be considered in any patient with TB recurrence
after treatment or treatment failure.

(Bisanzo et al., 2016)

The indication of the infectiousness of TB patients may include:

presence of a cough;

cavity in lungs;

Acid-Fast Bacilli (AFB) on sputum smear;

TB disease in lungs, airway or larynx;

patient not covering their mouth and nose when coughing;
not receiving adequate treatment;
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e  positive sputum;
e undergoing cough-inducing procedures.
(Centers for Disease Control and Prevention, 2016)

Investigations include:

e pulmonary TB: sputum smears with culture for sensitivity testing;
e extrapulmonary TB: fluid or tissue biopsy with adenosine deaminase and culture
and stain;
e molecular testing: e.g. Xpert, MTB/RIF; nucleic acid and amplification;
e HIV testing for all TB patients;
e imaging: chest X-ray, CT chest.
(Bisanzo et al., 2016)

Critical care considerations
Effective barrier nursing

e If no specialist air-conditioning is available, windows should be kept open to
promote cross ventilation, especially in waiting areas, examination rooms, when
taking sputum specimens and on wards/critical care.

e Patients with suspected or confirmed TB infection should be isolated. High-risk
groups include HIV-infected, prior TB, malnourished, smokers, diabetics, drug users,
infants, elderly and those living in crowded conditions, e.g. prisons, hostels, refugee
camps) or those with significant contact with TB patients, e.g. healthcare workers.

e  Good hand hygiene using soap and water.

e Staff and visitors should have access to personal protective equipment including
approved respiratory masks, which have been fit tested, particularly when nursing
Multidrug-Resistant TB (MDR-TB) or Extensively Drug-Resistant TB (EXD-TB). This
includes appropriate training and maintaining a register of those who have been tested.

e Staff should ensure they have had the appropriate vaccinations.

e Self-ventilating patients should be asked to wear face masks as appropriate, e.g.
during transfer for investigations.

Airway

e Care when handling sputum, e.g. tracheal suctioning, chest physiotherapy.

e ‘Cough etiquette’ explained to self-ventilating patients. This includes covering
mouth and nose with tissues when coughing, appropriate disposal of tissues and
use of sputum pots.

e Patients may experience haemoptysis (occasionally massive) due to a Rasmussen
aneurysm. Emergency suction must be available at the bedside.

e Airway obstruction may be caused by laryngeal or retropharyngeal TB.
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Breathing

e Administration of oxygen to treat hypoxia; care should be taken as use of oxygen
and nebulisers will result in aerosolization. Oxygen saturations should be main-
tained >95%.

e Endo-bronchial TB may result in wheezing or cough.

e DPatients may develop respiratory failure due to tuberculous bronchopneumonia
leading to collapse and consolidation. In consequence they may require intubation
and mechanical ventilation. When intubating patients, staff should have access to
appropriate PPE.

e When ventilating a patient with pulmonary TB, specialist precautions include try-
ing to prevent breaks in the ventilator circuits, as this may aerosolise and spread
TB within the unit. If available, closed suction catheters should be used.

e Patients may develop pleural effusions and empyema in acute TB infections.

e Abdominal TB may result in ascites; this may affect respiratory function due to a
distended abdomen and splinting of the diaphragm resulting in hypoxia.

e  Therapeutic thoracentesis (to a maximum of 1.5litres) or paracentesis may be con-
sidered to improve shortness of breath.

Circulation

e Patients may present with fever and night sweats. Initially this may be pyrexia of
unknown origin until a TB diagnosis is confirmed. Anti-pyretics (paracetamol)
should be administered.

e Cardiac monitoring and observation for cardiogenic shock. This may be caused by
a massive pericardial effusion.

e Renal and liver function should be monitored regularly. Renal and liver failure
may be due to TB or the effects of drug regimens.

e Haematuria, frequency and dysuria may be present.

e Monitoring of renal function and fluid balance will prevent AKI. In addition, drug
regimens may cause renal damage.

e Hepatosplenomegaly may present in approximately 25% of military TB cases.

e Disseminating Intravascular Coagulation (DIC) may be caused by miliary TB.

Neurological

e TB to the central nervous system may present in the form of meningeal disease.
Disease progression includes changes in mental and personality. Progressive
drowsiness, meningism, cranial nerve palsies (particularly 3rd and 6th), focal long-
tract signs and eventual coma. Hyponatraemia is common.

e Cerebral TB may cause pituitary apoplexy or stroke.

e Bone TB can present in the spine. Patients may present with chronic back pain
involving the lower thoracic and lumbar regions. Spinal instability and spinal cord
compression is an emergency and will require immediate care.
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Nursing care

e TB patients are often malnourished and nutritional support is required. Specialist
dietician input will be required with anorexic or malnourished patients.

Specialist input

e Input from specialist teams, particularly as patients may be on multiple drug reg-
imens for other conditions, e.g. HIV, diabetes, and these regimens may interact.
e Counselling and testing for HIV.

(Bisanzo et al., 2016; Centers for Disease Control and Prevention, 2003; TB Coalition
for Technical Assistance, 2015; Hagan & Nathani, 2013; Mandal et al., 2004)

Treatment

TB treatment therapies are complex, lasting months and determined by national TB
control programme guidelines (Bisanzo et al., 2016; Mandal ef al., 2004). Treatments
may include isoniazid and rifampicin for six months. In addition, pyrazinamide and
ethambutol is taken for the first two months (Mandal ez al., 2004; WHO, 2017).
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Tetanus

Tetanus is a preventable disease caused by Gram-positive anaerobe bacillus called
Clostridium tetani. Effective immunisation programmes in HIC have eradicated this dis-
ease, whereas in low-income settings tetanus remains a significant cause of mortality
(Askoy et al., 2014). The WHO (2018a) aimed to eradicate maternal and neonatal teta-
nus (MNT) by 2015 and, apart from 18 countries, this has been achieved (WHO, 2018b).
In other groups the overall incidence is gradually reducing globally. In 2015, the WHO
reported 10,301 cases worldwide respectively (WHO, 2018¢), compared to an annual
incidence exceeding 110,000 in 1980 (Rodrigo et al., 2014). Challenges to providing
vaccination programmes include inadequate cover in national vaccination programmes
due to geographical spread of population, individuals missing vaccinations due to limited
access to trained healthcare workers and facilities. Conflict or disaster may result in a
vaccination programme being stopped or sporadic in cover (Carter & Viveash, 2017).

The spore-forming bacillus is found in the bowels of herbivorous animals and dis-
tributed in soil. Examples of tetanus prone wounds include those contaminated with
manure, soil or rusty metal, via an umbilical cord cut with a non-sterile instrument,
burns, frostbite, puncture wounds and high-velocity missile injuries (WHO, 2003,
2018b; Aksoy et al., 2014). In approximately 20% of cases the entry site cannot be
identified, and the cause is unknown (Gibson et al., 2009).

Once the bacteria enter the body, in the presence of an anaerobic environment,
spores develop. Toxins are transported via the blood and lymphatic system. Once the
toxin reaches the central nervous system, it affects the peripheral motor end plates,
spinal cord, brain and sympathetic nervous system. The toxin interferes with neuro-
transmitters, blocking impulses, leading to tetanospasmin, an exotoxin (Centers for
Disease Control and Prevention, 2018). Once the tetanospasmin reaches the central
nervous system, it causes involuntary contraction (rigidity) and brief periods of muscle
contraction (spasms). There are four types of tetanus:

neonatal (affecting children under 1 month);

cephalic (affecting the head);

generalised (commonest type seen within critical care);
local (Berger, 2015; Lalloo, 2014).
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The incubation period of tetanus is 2-20 days. Signs and symptoms of generalised
tetanus are outlined in Box 24.1. There are no specific laboratory tests to diagnose
tetanus and diagnosis is based on clinical history and findings, e.g. muscle contraction.
Differential diagnosis is limited, but includes dental abscesses, strychnine poisoning,
dystonic reactions, hypocalcaemia and seizures in adults (Lalloo, 2014).

Box 24.1 Signs and symptoms of generalised tetanus
(Berger, 2015)

e Trismus (locked jaw).

e Risus sardonicus — severe facial muscle spasms.

Abdominal wall rigidity.

Spasms in the arms and legs.

Severe pain.

Spasms triggered by sensory stimulus.

Possible airway obstruction or respiratory compromise due to participation
of the diaphragm in general contractions.

Autonomic instability.

e Rhabdomyolysis and renal failure.

Men are deemed higher risk as they tend to be economically active, involved in manual
labour and higher risk of injury, whereas women are routinely vaccinated during pregnancy
(Muteya et al., 2013). However, anyone who is not vaccinated is at risk and the incidence
may increase due to overcrowding, a lack of personal hygiene, lack of knowledge/health
promotion, limited access to primary healthcare, ineffective vaccination programmes and
lack of shoes resulting in injuries to lower limbs. Often wounds to lower limbs are the
cause of infection; for example, a study conducted by Muteya et al. (2013) identified the
point of entry was found in 71.5% of cases, with 61.9% localised in lower limbs.

In cases of severe tetanus, critical care admission is appropriate; however, mortal-
ity rates can be high. Ajose and Odusanya (2009) reported mortality of 70% from
generalised tetanus in one hospital in Nigeria. Muteya et al. (2013) reported tetanus
accounted for 2.5% of all admissions and had a mortality of 52.4% within the tetanus
cohort in critical care admissions in the Democratic Republic of Congo.

Critical care considerations include:

Airway

e The airway in a tetanus patient could become compromised due to reduced level
of consciousness due to sedation given to control seizures or trismus.

e Patients may also experience risus sardonicus, a distorted, abnormal facial expres-
sion, commonly associated with tetanus. Glottal and laryngeal spasms may result
in fluid (saliva) being aspirated into the airway and the patient being unable to
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maintain a patent airway. Atropine can be administered to prevent antisialagogue
and aspiration. Emergency bedside suction must be available.

e An emergency airway plan should be agreed and immediate access to emergency
equipment and difficult airway equipment is required (Box 24.2).

e Tetanus patients may have complicated airway and a situation of ‘unable to intubate
and unable to ventilate’ may present. An emergency tracheostomy or cricho-
thyroidotomy may be required, and difficult airway equipment must be immediately
available. Close observation and early detection of airway compromise will ensure
an appropriately skilled team is available.

Box 24.2 Example emergency airway management plan
(Carter & Viveash, 2017)

In the event of an emergency intubation:

e call surgeons/Ear Nose and Throat (ENT) immediately.

Plan A:
Either:

e Awake/asleep nasal or oral fibre-optic intubation if competent.
e Consider Atropine as an antisialagogues.

Or:

e Direct laryngoscopy and oral intubation.
e If unsuccessful, go to plan B.

Plan B:

e Oropharyngeal airway and two nasopharyngeal airways and bag, valve mask
ventilation.

e If unsuccessful, go to plan C.

Plan C:

e Insertion of a laryngeal mask airway (LMA).
e If unsuccessful, go to plan D.

Plan D:

e Surgical cricothyroidotomy.
e Scalpel, bougie and tracheostomy tubes to be at bedside always.
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Breathing

e Sudden laryngospasm can be life-threatening.

e Spasms of laryngeal and respiratory muscles cause respiratory failure. In conse-
quence, patients may require mechanical ventilation.

e Observation for signs of respiratory failure. Oxygen therapy should be provided
to maintain oxygen saturations >95%.

Circulation

e Cardiac monitoring for signs of cardiac arrhythmias and invasive blood pressure
monitoring is indicated.

e  Maintaining haemodynamic stability, hypotension should be treated with IV fluid
boluses.

e Complications of using magnesium to control seizures may result in hypo-
calcaemia, cardiac instability due to autonomic stimulation of the central nervous
system, rapid deterioration including bradycardia, hypotension or hypertension.
Daily serum magnesium levels and physiological monitoring to assist with early
detection and identification of trends in physiological observations is required.

e Control of autonomic instability, e.g. verapamil for hypertension, atropine for
bradycardia.

e Monitoring of renal function and fluid balance to prevent AKI.

e  Observation for signs of rhabdomyolysis and potential complications, e.g. hyper-
kalaemia.

Neurological care

e Control muscle spasms/seizures (diazepam, magnesium infusion, anaesthetic
agents, e.g. propofol). The use of these drugs may result in respiratory depression
and require mechanical ventilation (Rodrigo et al., 2014).

e The choice of pharmacological methods to control seizures in tetanus remains
unclear. In 2004, a Cochrane Systematic Review on the efficacy of diazepam
concluded using diazepam resulted in improved survival rates in children, when
compared to a combination of phenobarbitone and chlorpromazine (Okoromah
& Lesi, 2004). Rodrigo et al. (2014) suggested midazolam may be more effec-
tive than diazepam, when used in conjunction with muscle relaxants, anaesthetic
agents and magnesium sulphate. However, both studies identified that there
remains a paucity of evidence into the most appropriate pharmacological method
to control spasms in tetanus.

e Magnesium is an accepted intervention when dealing with seizures in eclampsia;
however, the evidence for the use in tetanus remains limited. Rodrigo ez al. (2012)
reported there is minimal research available into the use of this drug and con-
cluded from the studies available, magnesium does not reduce mortality. When
using magnesium infusions there are potential complications.
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Wound care

e  Wounds debridement and irrigation is essential.

o Infected wounds should not be closed and regular surgical debridement until
the wound is completely clean may be required.

e Antibiotics (500mg metronidazole every eight hours is the antibiotic of choice.
Benzylpenicillin 0.6-1.2g every six hours can be given).
e Neutralise toxin:

o human hyperimmune globulin or equine anti-tetanus globulin;
o tetanus vaccine.

Nursing care

e Tetanus patients should be nursed in a quiet and darkened room, as any light or
noise can worsen the spasms and cause convulsions.
e Supportive treatments include:

o a naso-gastric tube and enteral feeding: may be required in patients with dys-
phagia, fluctuating conscious level, trismus and the risk of aspiration;

o DVT prophylaxis;

O  pressure area prevention.

(WHO, 2018d; Carter & Viveash, 2017; Bisanzo et al., 2016; Lalloo, 2014; Berger,
2015; Okoromah & Lesi, 2004)
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Viral
haemorrhagic
fevers

Viral haemorrhagic fevers (VHF) are a broad group of viral illnesses that share similar
clinical characteristics and pathophysiology (Bisanzo et al., 2016). VHF are zoonotic
and transmitted from vertebrate animals to humans by bites of infected ticks or mos-
quitoes, from infected bats and rodents (Hidalgo et al., 2017). VHF include 30 different
viruses and are classified into 4 groups:

e Filoviridae (Ebola and Marburg);

e Arenaviridae (Lassa fever, Junin and Machupo);

e Bunyaviridae (Crimean-Congo haemorrhagic fever, Rift Valley fever, Hantaan
haemorrhagic fevers);

e Flaviviridae (yellow fever, dengue, Omsk haemorrhagic fever, Kyasanur Forest
disease).

(Leligdowicz et al., 2016; WHO, 2017a)

VHEF are often severe and fatal, resulting in serious febrile illness, microvascular damage
and increased vascular permeability (WHO, 2017b: Bisanzo et al., 2016; Leligdowicz
et al., 2016). Initial presentation includes generalised malaise and fever common with
other tropical diseases including malaria, leptospirosis, typhoid or influenza. There
may be petechiae and episodes of minor bleeding like epistaxis and bleeding gums
(Hidalgo et al., 2017). VHF should be suspected in any patients with unexplained
bleeding from mucous membranes (gums, nose, vagina), skin (e.g. puncture sites), con-
junctiva or gastro-intestinal tract, or any patient with a fever who has had contact with
unexplained death, febrile illness or bleeding within three weeks (Bisanzo et al., 2016).

Personal protective equipment
Regular training of healthcare workers to deal with a VHF outbreak is required.

Patients should be immediately isolated in suspected, probable and confirmed areas
(WHO, 2016). To control an outbreak the following areas will need to be identified:
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large area with isolation rooms;

rooms/areas for donning and doffing protective clothing;

observation areas;

dedicated equipment in each area includes diagnostic equipment including X-ray,
ultrasound and point of care laboratory equipment;

e management of waste including soiled linen; in many cases this will need to be
incinerated.

(Richards et al., 2018)

VHF are a major cause of concern and during an outbreak pose a hazard to health-
care staff. Healthcare staff must have access to sufficient personal protective equipment
(PPE) (scrubs, gowns, aprons, two pairs of gloves, mask, head cover, eyewear and rub-
ber boots). In addition, healthcare workers need to be trained to use this equipment;
this includes practical aspects, such as practising wearing and working in PPE. Topics
for training include donning and doffing PPE, infection prevention strategies (including
environmental cleaning and care of the dead) and supportive treatment strategies.

Wearing of PPE in a non-climate-controlled environment has been identified as a
significant challenge for healthcare workers dealing with VHF. Challenges include the
following;:

e PPE could not be worn for longer than 45-60 minutes.

e Tight-fitting goggles tended to fog.

e Heat and humidity affected ‘duck billed’ N-95 masks making them ineffective.
e  Face shields did not provide full face coverage.

These challenges can result in individuals performing unsafe practices, e.g. readjusting
fogged goggles with contaminated hands, heat illness and increasing the risk when
performing interventions, e.g. insertion of a cannula due to poor visibility, tiredness
and heat (Leligdowicz et al., 2016). Additional challenges include communicating with
patients when wearing PPE, documentation of observations and care provided in the
‘dirty zone’ and psychological care.

Provision of critical care in a VHF outbreak

Providing critical care within a resource limited environment during a VHF out-
break will be a challenge due to limited infrastructure, lack of resources, trained
healthcare staff and limited evidence into treatment strategies (Dunser et al., 2012).
The numbers infected will determine the type of critical care provided. With large
numbers of patients, care may focus on supportive care and intensive nursing only;
however, as cases decrease or if there are few cases initially it may be possible
to provide more aggressive treatment including non-invasive ventilation, mechan-

ical ventilation, monitoring, renal replacement, etc. (Rees et al., 2015; Paterson &
Callahan, 2015).
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Viral haemorrhagic fevers

1 Remove all 2 Put on scrub suit 3 Move to the
personal and rubber boots' in clean area at the
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watches, o i
cell phones, 4 By visual mspec_tlon,
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of the PPE set are
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quality is appropriate.
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the guidance and
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Figure 25.1 Steps to put on PPE including gown
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Steps to put on personal protective equipment (PPE) including coverall

1 Remove all 2 Put on scrub suit 3 Move to the 6 Perform hand hygiene.
personal and rubber boots' in clean area at the 0

items the changing room. entrance of the

(jewelry, q isolation unit.

::Itches, 5 4 By visual inspection,

phones, !

pens, etc.) ensure that all sizes
of the PPE set are
correct and the
quality is appropriate.

5 Undertake the

procedure of putting
on PPE under

the guidance and
supervision of

a trained observer
(colleague).

7 Put on gloves 8 Puton
(examination, coverall .2
nitrile gloves).

| q b

-y SS e

9 Put on face mask. 10 Put on face shield OR goggles. 11 Put on head and neck covering
surgical bonnet covering neck and sides of
the head (preferable with face shield) OR hood.

12 Put on disposable
waterproof apron
(if not available, use
heavy duty, reusable
waterproof apron).

13 Put on second pair of 1 If boots are not available, use closed shoes

) (slip-ons without shoelaces and fully covering the
(preferably long cuff) dorsum of the foot and ankles) and shoe covers
(nonslip and preferably impermeable)

gloves over the CUff. 2 Do not use adhesive tape fo attach the gloves.
If the gloves or the coverall sleeves are not long
enough, make a thumb (or middle finger) hole

in the coverall sleeve to ensure that your forearm is
not exposed when making wide movements. Some
coverall models have finger loops attached to sleeves.

N, World Health

M B
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Figure 25.2 Steps to put on PPE including coverall
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o take off personal protective equipment (PPE) including gown

1 Always remove PPE under
the guidance and supervision
of a trained observer
(colleague). Ensure that
infectious waste containers
are available in the doffing
area for safe disposal
of PPE. Separate containers
should be available for
reusable items.

2 Perform hand hygiene on
gloved hands.’'

3 Remove apron
leaning forward and
taking care to avoid
contaminating your
hands. When
removing disposable
apron, tear it off
at the neck and roll it
down without
touching the front
area. Then untie the
back and roll the
apron forward.

i’ "\‘;n

4 Perform hand
hygiene on gloved
hands.

5 Remove outer pair
of gloves and
dispose of them
safely.

Use the technique
shown in Step 17

6 Perform hand
hygiene on gloved
hands.

7 Remove head and neck covering taking care to avoid 9 Remove the
contaminating your face by starting from the bottom gown by untying
of the hood in the back and rolling from back to front the knot first,
and from inside to outside, and dispose of it safely. then pulling

— from back
to front rolling
it from inside
to outside
and dispose
of it safely.
8 Perform hand hygiene on gloved hands. 10 Perform hand hygiene on gloved hands.

13 Remove the mask from
behind the head by first
untying the bottom string
above the head and
leaving it hanging in front;
and then the top string
next from behind head
and dispose of it safely.

11 Remove eye protection by pulling the string
from behind the head and dispose of it safely.

14 Perform hand hygiene on gloved hands.

17 Remove gloves carefully with appropriate

12 Perform hand hygiene on gloved hands. technique and dispose of them safely.

15 Remove rubber boots without touching them (or / _', ' |
overshoes if wearing shoes). If the same boots /“';}y’ ‘
are to be used outside of the high-risk zone, keep N = 4 \5 N
them on but clean and decontaminate appropriately A EAl
. " 2 A awr'Y Ve
before leaving the doffing area. d
16 Perform hand hygiene on gloved hands. 18 Perform hand hygiene.
1 While working in the patient care area, outer gloves should be changed between patients and prior to exiting (change after seeing the last patient) Z57IN
2 Appropriate decontamination of boots includes stepping into a footbath with 0.5% chiorine Solution (and removing dirt with tolet brush if heavily Vy‘ fi‘f\%’, World _H ea_lth
solled with mud and/or organic materials) and then wiping al sides with 0.5% chlorine solution. At least once a day boots should be disinfected . 4\} Orga nization

by soaking in a 0.5% chlorine solution for 30 min, then rinsed and dried.
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Figure 25.3 Steps to take off PPE including gown
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Steps to take off personal protective equipment (PPE) including coverall

1 Always remove PPE
under the guidance
and supervision of

3 Remove apron
leaning forward
and taking care |

5 Remove head and neck covering taking care
to avoid contaminating your face by starting
from the bottom of the hood in the back and

a trained observer to avoid . rolling from back to front and from inside to
(colleague). Ensure contaminating outside, and dispose of it safely.
that infectious waste your hands.

containers are When removing
available in the doffing =~ disposable apron, tear
area for safe disposal ~ toff atthe neck and

of PPE. Separate
containers should be
available for reusable
items.

2 Perform hand hygiene
on gloved hands.

roll it down without
touching the front area. |
Then untie the back
and roll the apron
forward.

4 Perform hand hygiene on gloved
hands.

s
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7 Remove coverall and outer pair of gloves:
Ideally, in front of a mirror, tilt head back to reach
Zipper, unzip completely without touching any skin
or scrubs, and start removing coverall from top to
bottom. After freeing shoulders, remove the outer
gloves? while pulling the arms out of the sleeves.
With inner gloves roll the coverall, from the waist
down and from the inside of the coverall, down
to the top of the boots. Use one boot to pull off
coverall from other boot and vice versa, then step
away from the coverall and dispose of it safely.

) s

11 Remove the mask from behind
the head by first untying the
bottom string above the head
and leaving it hanging in front;
and then the top string next
from behind head and dispose
of it safely.

8 Perform hand hygiene on gloved hands.

g

9 Remove eye protection by pulling the string
from behind the head and dispose of it safely.

12 Perform hand hygiene on gloved hands.

15 Remove gloves carefully with appropriate
technique and dispose of them safely.

10 Perform hand hygiene on gloved hands.

13 Remove rubber boots without touching them (or overshoes if
wearing shoes). If the same boots are to be used outside of
the high-risk zone, keep them on but clean and decontaminate
appropriately before leaving the doffing area.’

14 Perform hand hygiene on gloved hands. 16 Perform hand hygiene.

1 While working in the patient care area, outer gloves should be changed between patients and prior to exiting (change after seeing the last patient)

2 This technique requires properly fitted gloves. When outer gloves are too tight or inner gloves are too loose and/or hands are sweaty, the outer
gloves may need to be removed separately, after removing the apron.

3 Appropriate decontamination of boots includes stepping into a footbath with 0.5% chlorine solution (and removing dirt with toilet brush if heavily
soiled with mud and;or organic materials) and then wiping all sides with 0.5% chlorine solution. At least once a day boots should be disinfected by
soaking in a 0.5% chlorine solution for 30 min, then rinsed and dried.
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Figure 25.4 Steps to take off PPE including coverall

Reproduced with kind permission from the World Health Organization.
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Yellow fever

There are two forms of yellow fever, urban and jungle presentation (Hidalgo et al.,
2017). Transmission is by mosquitoes:

e The Aedes aegypti mosquito causes urban yellow fever.
e Haemagogus and other forest canopy mosquitoes acquire the virus from wild primates
causing jungle yellow fever and then transmit the virus to humans through bites.

The disease is classified according to the clinical presentation: inapparent (<48hours
of fever and headache), mild, severe and malignant. Incubation period ranges from
three to six days, followed by sudden onset fever of 39°C to 40°C, tachycardia (and
later bradycardia, Faget’s sign (fever with bradycardia), facial flushing, conjunctival
injection, red tongue with central furring, nausea, vomiting, constipation, headache,
muscle pain, severe prostration, restlessness and irritability (Hidalgo et al., 2017).
Mild cases end at this stage after one to three days. As the disease progresses to mod-
erate, severe and malignant stages, the fever falls after two to five days and a remission
of several hours or days follows. Then the signs and symptoms re-occur with the ‘clas-
sic triad’ of jaundice, extreme albinuria and epigastric tenderness with haematemesis
occur (Hidalgo et al., 2017). Oliguria or anuria, petechiae and mucosal haemorrhage
is common. The patient continues to deteriorate and become confused, unconscious
and seizures are common.

Treatment is supportive and directed towards treating the symptoms. Good nursing
care is essential, and correction of fluid and electrolyte imbalance and management of
haemorrhage are priorities in treatment (Hidalgo et al., 2017).

Lassa fever

Lassa fever occurs in West Africa; however, there is also a risk of travellers transporting
the virus to other countries. The virus is transmitted to humans via contact with food
or household items contaminated with rodent urine or faeces, or person-to-person
infections, particularly in hospitals lacking effective infection prevention and control
procedures (WHO, 2017a).

The incubation period is between 6 and 24 days, with a gradual onset of symp-
toms (Hidalgo et al., 2017). Symptoms include fever, general weakness and malaise,
headache, sore throat (white or yellow exudate may appear on the tonsils and coa-
lesce into a pseudo-membrane), muscle, chest and abdominal pain, nausea, vomiting,
diarrhoea, cough. In severe cases there is facial swelling, pulmonary oedema, bleeding
from mucous membranes. Protein may be noted in the urine. As the disease progresses,
hypovolaemic shock, seizures, tremor, disorientation and coma may occur. Deafness
occurs in 25% of patients who survive the disease, but can partially return after one
to three months. Transient hair loss and gait disturbance may occur during recovery
(WHO, 2017b; Hidalgo et al., 2017).
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Treatment involves isolation, supportive care provided by effective and advanced
infection prevention and control measures including negative pressure room with no
air circulation and positive pressure filtered air respirator. Mortality can be as high as
50%; if ribavirin is given within six days at onset, mortality can be reduced tenfold
(Hidalgo et al., 2017; WHO, 2016).

Ebola virus disease

Ebola virus disease (EVD) (previously termed Ebola haemorrhagic fever) can cause
fatal haemorrhagic fever (Molus & Bush, 2015). Clinical signs and symptoms are not
dissimilar to other VHFs (Richards ez al., 2018). The incubation period for EVD is 2 to
21 days and people are not infectious until they develop symptoms; early signs include
fever, rash (maculopapular), sore throat, myalgia and arthralgia, malaise and severe
headaches. Late signs include severe watery diarrhoea, vomiting, abdominal pain,
petechiae rash, hypovolaemic shock and haemorrhagic manifestations, for example
mucosal or gastrointestinal bleeding (Molus & Bush, 2015; WHO, 2017b). Potential
differential diagnosis includes: malaria, enteric fever, Gram-negative bacterial sepsis,
staphylococcal or streptococcal infection, meningococcemia, plague, leptospirosis or
viral hepatitis. In consequence, anyone suspected with EVD must be isolated until a
diagnosis is confirmed (Bisanzo et al., 2016).

Patients are highly infectious, as person-to-person transmission occurs through
mucous membrane contact with bodily fluids with someone who is infectious and
symptomatic or from the infected dead (Leligdowicz et al., 2016). Subsequently strict
isolation, wearing of PPE and use of infection prevention control practices, including
decontamination of equipment and personnel, need to be followed.

Critical care focuses on supportive care and is based on the severe sepsis principles
and includes:

Airway

e Airway protection if the patient has a reduced level of consciousness or massive
upper gastrointestinal bleed.

e DPerforming airway interventions including intubation may be difficult when
wearing PPE.

e Patients vomiting or coughing aerosolises the virus and increases the risk of
contamination to healthcare staff.

Breathing

e Supplementary oxygen may be required to maintain oxygen saturations >95%.

e Respiratory failure may be caused by shock, fatigue, metabolic acidosis, secondary
bacterial infection and iatrogenic complications, for example transfusion associated
lung injury.
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Circulation

e  Fluid resuscitation should be used to maintain adequate perfusion. To achieve this,
wide bore access in the ante-cubital fossa or central venous access will be required.
e Hydration targets include:

HR <100/min;

urine output > 0.5ml/kg/hr;
SPB >90mmHg;

other markers of perfusion:

O O O O

capillary refill <3 seconds;
absence of skin mottling;

easily palpable peripheral pulses;
warm, dry extremities;

improved mental status.

O O O O O

o Hydration should also include replacement of electrolytes.

e Blood and blood products should be administered in an actively haemorrhaging
patient.

o A target Hb of >7g/dL is recommended; however, if blood losses are expected
to be significant and ongoing, a higher target of 9g/dL may be used.

o DPlatelets should be administered if platelet count is <20 x 10%/L. If surgical
procedure is planned, platelets should be administered if <50 x 10%/L.

o An INR >2 fresh frozen plasma or prothrombin complex concentrate should
be administered.

o Low fibrinogen levels and significant haemorrhaging despite correcting the
INR and administration of platelets, cryoprecipitate should be transfused.

e Fever should be treated with paracetamol; a lower dose is required in hepatic dys-
function. Non-steroidal anti-inflammatory drugs (NSAID) should be avoided due
to the platelet-inhibiting and renal effects.

Neurological/pain

e Pain management includes:

o opiates titrated to effect, e.g. fentanyl, morphine;
o NSAIDs, aspirin, anti-coagulants and intramuscular injections should be avoided.

Nutrition

e Nausea and vomiting should be treated with anti-emetics.
e Consider naso-gastric tube and suction.
e Consider enteral nutrition; if not tolerated, parental nutrition should be used.
(Richards et al., 2018; Bisanzo et al., 2016;
Molus & Bush, 2015; WHO, 2016)
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Treatment

There is currently no licensed treatment available and epidemics focus on prevention
and containment. Therapeutic agents include EVD — ZMapp, a cocktail of three human-
mouse chimeric anti-EBOV monoclonal antibodies. GS-5734, a prodrug of nucleoside
viral RNA polymerase inhibitor and Brincidofovir an oral nucleotide analogue that
has shown in laboratory trials antiviral activity against DNA viruses. However, none
of these have shown conclusive benefit (Richards et al., 2018).

Given the generalised signs and symptoms which may overlap with other infections,
empirical antibiotic therapy with broad-spectrum antibiotics may be appropriate if
there is a risk of secondary bacterial infections. Antibiotics and other treatments, e.g.
anti-malarias, should be discontinued once diagnosis is confirmed, symptoms improve
or without other indication to continue (WHO, 2016).
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Cholera and
typhoid

Cholera

Cholera is a Gram-negative bacterial infection caused by Vibrio cholerae 01 and V.
cholerea 0139. Incubation period is from less than one day to five days and causes an
acute intestinal infection, profuse watery diarrhoea and vomiting. Symptoms include
profuse, painless, severe watery diarrhoea, and sometimes vomiting, leading to severe
dehydration and loss of electrolytes (WHO, 2017; Bisanzo et al., 2016). It is spread
from person to person via the faecal-oral route, or by infected food or water (Shears,
2014; Mandal et al., 2004). It can be spread quickly by poor hand hygiene and infec-
tion control practices (Mandal et al., 2004).

The incubation period is two to three days (Mandal ez al., 2004), and individuals
may present with sudden onset vomiting and profuse watery diarrhoea with abdomi-
nal cramps. Fever is absent (Mandal et al., 2004). Stools are white-yellow with mucous
flecks (‘rice-water’). This leads to rapid dehydration leading to hypovolaemic shock
(Mandal et al., 2004). Due to the large numbers of patients involved, many critically
and acutely ill patients may present, which may overwhelm critical care and acute care
services. The size of the outbreak will determine resources available and how patients
will be treated. In this situation, critical care nurses may best utilise their skills by
supervising groups of healthcare staff who have limited experience of dealing with
severe hypovolaemic shock and electrolyte imbalances. Mortality rates can reach 50%
in previously unaffected or unprepared countries, with appropriate response mortality
can be <1% (Mandal et al., 2004; Bisanzo et al., 2016). There is little information
published on nursing a patient with cholera in critical care.

Isolation and infection prevention control principles
e Datients need to be isolated and implementation of strict infection prevention con-

trol procedures to reduce the risk of spread.
e  Healthcare facilities will need to:
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o provide sufficient water to facilitate hand hygiene;
o appropriately dispose of human faeces.

Provide adequate supply of safe drinking water.

Airway

Airway patency may be lost in patients with reduced level of consciousness and
vomiting. Emergency suction should be immediately available, and patients placed
in the three-quarters prone/recovery position to protect their airway.

Depending on the resources available, in the event of a compromised airway,
endotracheal intubation may be appropriate.

Breathing

Patients should be monitored for signs of respiratory failure.

In the event of respiratory failure, mechanical ventilation may be appropriate, but
will be dependent on the resources and experienced staff available.
Supplementary oxygen as required to maintain oxygen saturations >95%.

Circulation

Cholera is easily treatable if individuals receive prompt oral or intravenous fluid
resuscitation. If the patient can take fluids, they should be encouraged to drink
oral rehydration solution (ORS) and a glucose-electrolyte solution. A moderately
dehydrated patient can require up to six litres of ORS on the first day. As a guide,
one glass of ORS for every diarrhoeal stool in adults and ORS equal volume to
diarrhoeal volume in children. Table 26.1 provides a guide for the use of ORS with
no or limited dehydration.

Severely dehydrated and shocked patients should be treated with rapid adminis-
tration of intravenous fluids. Treat with 30ml/kg over three minutes, followed by
70ml/kg over two to three hours. Once perfusion and mental status has improved,
patients should be transferred over to ORS. However, patients may require both
oral and IV fluids to keep up with fluid loses. A 70kg patient will require up to
7litres of IV fluids, in addition to ORS (WHO, 2017).

Fluid balance including urine output should be recorded hourly. Maintenance flu-
ids will be required once the patient has been adequately fluid resuscitated. This
includes combining the volume of urine and faecal matter lost, plus 500ml added
for insensible losses.

Depending on the number of patients, admission to critical care may not be possi-
ble. Basic monitoring should be established, and fluid resuscitation may be guided
by the return of a radial pulse (equivalent to a systolic blood pressure of 90mmHg)
and improved urine output (>0.5ml/kg/hr).
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e Hypovolaemic shock will cause AKI and is a significant cause of deaths. Aggressive
fluid resuscitation, monitoring of renal function and fluid balance will help pre-
vent the risk of AKI.

e Anti-emetics should be administered as indicated. NSAIDs should be avoided in
severe dehydration and evidence of an AKI.

Antibiotics

e Antibiotics as per local guidelines should also be administered. Common antibi-
otics used include tetracycline, doxycycline and furazolidone. These have been
shown to reduce the volume and duration of diarrhoea, but have also been shown
to be developing resistance in Africa.

e Pregnant or nursing women and children: Azithromycin 20mg/kg (max. 1g) orally
once daily or erythromycin 500mg six-hourly for three days.

e Antibiotics are an adjunct to fluid resuscitation and reduce the duration and
bacterial excretion. They should only be administered in severe cases, to prevent
antimicrobial resistance.

(WHO, 2017; Bisanzo et al., 2016; Shears, 2014; Mandal et al., 2004)

Typhoid

Typhoid is also termed ‘enteric fever’, caused by Gram-negative bacteria Salmonella
enterica. Typhoid is transmitted through food or water contaminated by faeces and
urine of a patient or carrier. Direct ‘case to case’ spread is not common (Mandal
et al., 2004). The incubation period is 10-21 days. Patients present with fever and
abdominal pain and predominately diarrhoea, although constipation is more com-
mon in children (Bisanzo et al., 2016). Untreated typhoid has an estimated mortality
of 20%, but is negligible when individuals receive treatment early (Mandal et al.,
2004). The reason for admission to critical care may be due to a complication, for
example post-operatively following an emergency laparotomy for perforation or
gastro-intestinal bleeding.
Critical care considerations:

Airway

e The patient’s airway may become compromised due to:

o reduced level of consciousness;
o upper gastro-intestinal bleed;
o vomit in the airway.

e Patients should be nursed in an area where they can be observed, and any deterio-
ration immediately acted on. Emergency suction should be at the bedside.
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Table 26.1 Dehydration and ORS

Evidence of some debydration and ORS to be administered within first four hours

<4 months (<5kg) 200-400ml
4-11 months (5-7.9kg) 400-600ml
1-2 years (8-10.9kg) 600-800ml
24 years (11-15.9kg) 800-1200ml
5-14 years (16-29.9kg) 1200-2200ml
>14 years (>30kg) 2200-4000ml
No debydration: ORS

Children <2years 50-100ml

Up to 500ml/day

Children 2-9 years 100-200ml

Up to 1000ml/day

Patients >9years 2000ml/day

Source: Bisanzo et al., 2016

Breathing

Complications include pneumonia. Oxygen therapy should be provided to main-
tain oxygen saturations >95%.

In the event of respiratory failure, intubation and mechanical ventilation may be
required.

Circulation

Once the organism has entered the intestinal mucosa it travels to the regional
glands and multiplies. The organisms then enter the bloodstream in large numbers
resulting in fever. Fever may be caused by perforation and peritonitis.

During the second to third week of illness, the organism causes damage to the Peyer’s
patch of the ileum. This leads to ulceration, causing haemorrhage and perforation.
Hepatosplenomegaly occurs in approximately 75% of cases leading to complications.
The patient may present with signs of sepsis and should be treated accordingly.
Continuous cardiac monitoring should be established and observation for brady-
cardia. Bradycardia should be treated with atropine.

Patients should be closely monitored for signs of gastro-intestinal bleeding.
Nausea and vomiting.

Constipation may be present during week one, and progress to diarrhoea during
weeks two and three. Diarrhoea is described as ‘pea-soup like’.
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e  Fluid balance monitoring and replacement fluids are important to prevent AKI.
e Other complications include cholecystitis, cholangitis, hepatitis, pancreatitis.
Abscesses in spleen, bone or ovary.

Pain/neurological

e Typhoid encephalopathy may lead to delirium and confusion.

e Steroids should be used in severe disease or encephalopathy only.

e Patients may complain of abdominal pain. Appropriate analgesia should be given
and the effects monitored.

Exposure

e Development of ‘rose spots’ (pale pink/salmon macules on trunk and abdomen)
occur in approximately 30% of patients.

Surgical intervention

e In the event of perforation surgical intervention is required.
e  Cholecystectomy should be performed only when symptoms of gall bladder disease
is present.

Antibiotics

e Antibiotics: in severe cases ceftriaxone and uncomplicated cases fluroquinolone.
Although local guidelines should be followed due to increasing antibiotic resis-

tance in some areas.
(Bisanzo et al., 2016; WHO, 2015; Mandal et al., 2004)
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Influenza

Influenza causes severe respiratory illnesses, which often require admission to hospital
and critical care. The WHO (2017) identifies the incidence and mortality relating to
severe influenza is increasing each year, with an estimated 650,000 deaths in 2017.
The WHO (2018Db) identifies three types of influenza:

e seasonal;
e pandemic;
e zoonotic or variant.

Potential differential diagnosis to influenza includes community acquired pneumonia,
hospital acquired pneumonia, severe acute respiratory infection, exacerbation of chronic
lung disease, e.g. asthma or chronic obstructive pulmonary disease, sepsis, encephalopa-
thy, encephalitis, transverse myelitis, meningitis, Guillain-Barré syndrome, myocarditis
and rhabdomyolysis (Public Health England, 2017).

Diagnosis of influenza is predominately clinically; however, tracheal secretions can
be sent for laboratory testing. Rapid influenza diagnostic tests (RIDTs) are available
but have a lower sensitivity than other methods and reliability is determined by the
conditions in which they are used (WHO, 2018a).

Severe influenza can result in severe pneumonia, complicated by ARDS, septic shock
and multi-organ failure, with a rapid deterioration (WHO, 2013). There is also a signifi-
cant risk to healthcare workers, particularly those working in critical care with ventilated
patients; for example, if using open suction systems, breaking the ventilator circuits
results in particles being aerosolised (WHO, 2018a; Public Health England, 2017).

Seasonal influenza

Seasonal influenza circulates and cause diseases every year. Infection occurs:

e directly by inhaling virus-infected particles, e.g. by sneezing or coughing;
e indirectly by touching contaminated objects or surfaces then introducing the virus
by rubbing eyes, sucking fingers, etc.
(Meunier, 2014)
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Incubation is between one and five days and severity varies. At-risk groups include
pregnant women, the young, elderly and those immunocompromised (WHO, 2018a).
This type of influenza is continually evolving resulting in people getting infected several
times throughout their life. There are three types of seasonal influenza: A, B, C:

e Influenza type A is sub-divided according to the variety and combination of two
proteins on the surface of the virus, the hemagglutinin ‘H’ protein and neuramini-
dase ‘N’ protein. Examples include Influenza A (H1N1) and A (H3N2).

e There are two types of Influenza type B. They were named after where they were
first identified: Victoria lineage and Yamagata lineage.

e Type C causes mild, sporadic cases and minor localised outbreaks (WHO, 2017).

Pandemic influenza

Pandemic influenza are viruses which are not previously circulating amongst humans
and to which most people do not have immunity. The virus causes a large outbreak
to occur, normally outside of influenza season. Influenza type A (HIN1) was first
identified in 2009 and spread across the world causing a pandemic. The virus is now
established in humans and it is classed as a seasonal influenza (WHO, 2018a). Pandemic
influenza is a concern for critical care, as it can affect large numbers of people. This
will put a significant strain on already stretched critical care services, resources and
staff. Hospitals should have major incident and escalation plans to respond to out-
breaks which are not trauma in origin.

Zoonotic or variant influenza

These are influenza viruses that are routinely circulating in animals that transfer to
humans. They tend to be named after their host, for example include swine influenza,
avian influenza (WHO, 2018b). They do not easily transfer from animals to humans
and occur through direct or indirect contact. The most recent novel coronavirus,
reported in 2012, is the Middle East respiratory syndrome coronavirus (MERS-CoV).

Impact on critical care services and staff

Patients with suspected or confirmed influenza could transmit the pathogen to
healthcare workers. Recent outbreaks have affected healthcare workers resulting in
further burden on critical care resources and a reduction in trained staff who can look
after critically ill patients (Al-Dorzi et al., 2016; Rankin, 2006; Loeb et al., 2004).
Unfortunately, influenza outbreaks have highlighted deficiencies in healthcare systems
including lack of PPE and resources (Rankin, 2006).

During the SARS outbreak in Canada, the workplace was deemed a ‘very dangerous
place to work’ and resulted in healthcare workers not coming to work (Rankin, 2006).
With limited information, the fear of transmitting the pathogen to colleagues, family and
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friends led to social isolation. At work staff reported boredom and loneliness as they
were ‘quarantined’ and not allowed to go to other areas of the hospital, e.g. staff canteen.

With few healthcare workers trained to look after critically ill patients, nurses will be
required to work long hours with few breaks. This can lead to fatigue and exhaustion,
which increases the risk of mistakes or failing to follow IPC measures (Rankin, 2006).

The pressure across the healthcare system on an influenza outbreak should not be
underestimated. Even in HIC the demand for hospital and critical care services will
often exceed availability. During the SARS outbreak in Ontario, 72% of total hospital
capacity was required for influenza patients; at the peak demand for critical care beds
was 171% and 118% of ventilator capacity. All elective procedures were cancelled
and additional critical care areas were established, but lacked experienced staff and
ventilators, etc. (Christian et al., 2006). This lead to difficult triage and treatment deci-
sions having to be made by healthcare professionals who were faced with the realities
of a lack of resources and patients who had a potentially reversible condition.

Recognition of influenza

Influenza can be a common reason for admission to critical care in seasonal epidemics
(Roa et al., 2012). Early and rapid detection of these patients is necessary to initiate
prompt treatment and isolate patients. Influenza is a respiratory illness with a wide
range of signs and symptoms. It is characterised by sudden onset of fever and cough,
with other common symptoms including chills, headache, sore throat and aching mus-
cles and joints (Department of Health, 2009).

Treatment of influenza

When a patient presents with a suspected severe acute respiratory infection (SARI), key
treatment principles involve (WHO, 2015):

e early recognition of patients with SARI;

implementation of infection prevention control procedures;

collection of specimens for laboratory diagnosis and antimicrobial therapy;
management of severe respiratory distress, hypoxemia and ARDS;
management of septic shock;

prevention of complications;

experimental versus specific therapeutics;

management of high-risk patients, e.g. pregnant.

Isolation and infection prevention control measures
Infection prevention control measures include the following:

e Prompt identification of influenza cases.
e Isolating suspected and confirmed influenza patients.
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e Immunisation should be available for key healthcare workers.

Education of healthcare workers, patients and visitors regarding the importance of
good respiratory and hand hygiene.

Visitors to patients with influenza should be limited.

Healthcare staff not well should be advised to stay at home.

Appropriate environmental cleaning and waste disposal.

Adequate ventilation.

Use of PPE and hand hygiene.

(Department of Health, 2009)

Personal protective equipment

All patients triaged, and any suspect SARI cases should be isolated, by giving them a
medical mask and placing them in a separate area. When admitted there should be at
least one to two metres between patients and those not wearing PPE. Ideally, patients
should be nursed in single rooms which are adequately ventilated. If the patient is
self-ventilating, patients should be encouraged to perform good respiratory hygiene
(e.g. covering mouth and nose during coughing, and sneezing into a tissue, which
should be disposed of immediately). Cohorting of suspected and confirmed influenza
together is not recommended. Once diagnosed if there are insufficient rooms, it may
be appropriate to cohort patients to reduce transmission to other patients and limit the
number of staff entering the dirty area (WHO, 2015).

Healthcare workers will need to wear personal protective equipment (PPE); this
includes specialised masks or respirators. Sufficient PPE including masks must be
available and not re-used. Prior to wearing specialist masks and respirators they nor-
mally need to be fitted to the individual and specific training provided. The procedure
for donning and doffing PPE is as follows:

e Identify hazards and manage risks.

—  Gather the PPE required.

—  Plan where you are going to put on/take off PPE.

— Do you have a ‘buddy’ or mirror to check you are correctly wearing PPE?
— Do you know how to deal with waste generated?

e Put on gown.

e Put on particulate respirator or medical mask. Perform user seal check if using a
respirator.

e Put on eye protection, e.g. face shield or goggles. Consider using anti-fog or fog-
resistant goggles. Caps are optional; if worn, they should be applied after eye
protection.

e Put gloves on, ensuring they cover the cuffs of the gown.

To remove PPE, avoid contamination of self, others and the environment by removing
the most contaminated items first.
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e Remove gown and gloves — peel off gown and gloves and role inside out, dispose
of gloves and gown safely.

Perform hand hygiene.

Remove cap (if worn).

Remove goggles from behind. Place them in a separate container for re-processing.
Remove respirator from behind.

Perform hand hygiene.

(Public Health England, 2017)

High-risk procedures

Certain procedures have been identified as potentially increasing the risk of transmit-
ting influenza to others (Department of Health, 2009). Many of these procedures may
be carried out in critical care increasing the exposure to critical care staff. Procedures
include:

e intubation, extubation and related airway procedures, e.g. manual ventilation and
open suctioning;

e cardiopulmonary resuscitation;

e bronchoscopy;

e surgery and post-mortem procedures in which high-speed devices are used;

e non-invasive ventilation (NIV), e.g. Bilevel Positive Airway Pressure ventilation
(BiPAP) and Continuous Positive Airway Pressure ventilation (CPAP);

e high-frequency oscillating ventilation (HFOV);

e induction of sputum.

If you are involved in any of these procedures, they should be carried out in well-
ventilated single rooms with the doors shut. Only healthcare workers who are critical
to the procedure should be present and full PPE including a gown, gloves, eye protec-
tion and an FFP3 respirator should be worn by those undertaking these procedures
and by those in the same room (Department of Health, 2009).

Critical care considerations

Nursing a critically ill patient there are specific infection control measures you should
consider the following:

e Close observation of patients, as they may deteriorate rapidly. Conservative fluid
management should be followed if there is no evidence of shock.

e Blood cultures and upper airway respiratory tract secretions should be taken.
Empirical antibiotics should not be delayed and in the presence of sepsis should be
given in one hour of presentation.

e Airborne precautions should be taken in the following situations:
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o High-flow oxygen, nebulisers and non-invasive ventilation has the potential
to generate aerosols.

o  When intubating or undertaking any airway procedures, e.g. suctioning,
changing ventilator circuits, e.g. to replace HMEs, insert a sputum trap; open
suctioning due to a lack of closed suction systems may aerosolise particles.

e Mechanical ventilation should be initiated early. Lung-protective ventilation strat-
egies including low volume (6ml/kg), low pressure (plateau airway pressure of
<30cmH,O) should be adopted. To reach lung protection ventilation:

Permissive hypercapnia.

To reach target SpO, PEEP should be used.

Deep sedation may be required to provide adequate ventilation.

Ventilator should not be disconnected due to the loss of PEEP and lung collapse.
In severe ARDS:

O O O O O

o Prone positioning may be used to improve oxygenation (PaO,/FiO, <15).
Evidence has shown this should be implemented early and for at least 16
consecutive hours. Care should be taken when turning patient.

o Neuromuscular blockade for initial 48 hours.

o Use of higher PEEP in moderate to severe ARDS (PaO,/FiO,<200).

o Conservative fluid management for ARDS patients who are not in shock.

e  Septic shock should be managed with crystalloid fluid challenges and vasopressors
if hypotension continues despite adequate/aggressive fluid resuscitation.

e IV hydrocortisone (up to 200mg/day, 1mg/kg six-hourly for children) or predniso-
lone (up to 75mg/day) to patients with persistent shock and requiring increasing
doses of vasopressors. This should be tapered once the shock resolves.

e High-risk patients should have specialist input, e.g. obstetricians, midwives, etc.

e The use of experimental virus-specific drugs will be determined by the type of influ-
enza; these may be experimental and will be guided by infection control specialists.

(Public Health England, 2017; Department of Health, 2009)
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Malaria

Malaria is a parasitic infection caused by the genus Plasmodium. Malaria is common
in tropical countries in Africa, Asia, Oceania and South and Central America (Karnad
et al., 2018). Malaria affects approximately 5% of the world’s population (Mahajan
et al.,2014). In 2015, an estimated 212 million malaria cases were diagnosed (WHO,
2017), which resulted in 1-2.5 million deaths annually (Mahajan et al., 2014). Malaria
is spread by the female anopheles mosquito, and is preventable. Five species affect
humans (Fletcher & Beeching, 2013):

Plasmodium falciparums;
Plasmodium vivax;
Plasmodium ovale;
Plasmodium malariae;

e  Plasmodium knowlesi.

Plasmodium falciparum is the commonest form, responsible for 60% of infections,
and the rest of infections are caused by P. vivax. P. ovale, P. malariae and P. knowlesi
(WHO, 2013). Specific syndromes seen with Plasmodium including:

e D. falciparum: cerebral malaria, hypoglycaemia, renal/respiratory failure, severe
anaemia, shock;
e P. vivax, P. ovale: anaemia, hypersplenism, relapse up to five years after acute
infection;
e P. malariae: chronic asymptomatic parasitaemia, nephrotic syndrome;
e potential mixed infections.
(WHO, 2017; Bisanzo et al., 2016)

Diagnosis

Malaria can be uncomplicated or severe. Uncomplicated malaria is characterised by
high spiking fevers, usually accompanied by chills and rigors. Other signs include
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headaches, muscular ache, vague abdominal discomfort, lethargy, malaise and loss of
appetite (Karnad et al., 2018). If untreated, the illness may progress to severe malaria
and cerebral malaria. Signs of severe malaria include unconsciousness, prostration,
seizures, acute renal failure, metabolic acidosis, hypoglycaemia, anaemia, jaundice,
acute pulmonary oedema, shock and hyperparasitemia (WHO, 2015).

The gold standard for testing for malaria is microscopy, which identifies the species
and quantities of parasites in the blood. This takes time and is now being replaced by
Rapid Diagnostic Tests (RDTs). RDTs detects P. falciparum only and are dependent
on storage, use and interpretation. Potential differential diagnosis includes influenza,
viral hepatitis, meningitis, septicaemia, pneumonia, gastroenteritis, typhoid, tick fever,
viral haemorrhagic fever and acute HIV (de Wit et al., 2016; Bisanzo et al., 2016; Cox
et al., 2016). In the event of negative smear or RDT repeat tests should be performed
until the patient improves or diagnosis is confirmed.

Bell and Lalloo (2014) identify that patients with HIV and malaria co-exist in many
countries. The immunosuppression caused by HIV results in symptomatic malaria and
increased chance of developing severe disease and potential malarial treatment fail-
ure. In consequence, it may be appropriate to perform a HIV test in a patient with an
unknown HIV status, to ensure patients receive appropriate treatments.

Prevention

While malaria is preventable, within the hospital environment transmission can con-
tinue between patients and staff due to overcrowding and a lack of nets; this allows
mosquitoes to continue to bite patients (Carter & Mukonka, 2017; Shepherd et al.,
2010). Subsequently, in malaria season, spray wards, doors and windows covered with
nets and, if available, every bed should have a mosquito net. Sufficient bed nets must
be available to allow them to be changed between patients, as this may in turn become
an infection risk.

Management

Severe and cerebral malaria may require admission to critical care. Severe malaria
from P. falciparum accounts for approximately 1% of infections (Karnad et al., 2018).
The fundamental principles in the management of malaria are similar to sepsis and
septic shock (Karnard et al., 2018). The following provides an overview of the general
principles of nursing a critically ill malaria patient and highlights specific treatment
interventions.

e Patients should be managed in an area where they can be observed, especially if the
patient has a reduced level of consciousness and risk of fitting.

e RDTs completed to confirm diagnosis.

e Good nursing care is an essential part of the care of a critically ill malaria patient.
This will help prevent errors in diagnosis and treatment (Table 28.1).
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Table 28.1 Potential errors in diagnosis and treatment in malaria

Diagnosis
Failure to:

e consider a diagnosis of
malaria either typical or
atypical;

e elicit a history of exposure
(including travel history);

e do a thick blood film;

e identify P. falciparum in a
dual infection with P. vivax;

e recognise and treat
hypoglycaemia;

e diagnose alternative or
associated infections
(bacterial, viral);

e recognise malaria due to
similarity in other infections,
e.g. influenza, hepatitis, viral
haemorrhagic fever;

e recognise respiratory
distress;

e recognise the severity in the
patient’s condition;

e conduct ophalmoscopic
examination for the presence
of papilloedema and malaria
retinopathy;

e correctly identify severe
malaria.

Source: WHO, 2012

Airway

Treatment

e Delays in starting treatment.

e Inadequate nursing care.

e Incorrect calculation of anti-malarial
medications.

e Inappropriate administration of anti-malarial
medications.

e IM into the buttock, particularly of quinine,
which can damage the sciatic nerve.

o Failure to switch patients from parenteral
to oral therapy after 24 hours, or as soon
as they can take and tolerate oral
medication.

e Failure to:

o review antimalarial treatment for a patient
whose condition is deteriorating;

o re-check blood glucose concentration in a
patient who develops seizure or deepening
coma;

o recognise and treat minor (‘subtle’)
convulsions;

o recognise and manage pulmonary
oedema;
recognise and treat minor seizures;
give antibiotics to treat possible meningitis
presumptively if a decision is made to
delay lumbar puncture;

o avoid fluid bolus resuscitation in children
who are not dehydrated.

e Delays in starting renal replacement
therapy.

e Reduced level of consciousness due to cerebral malaria, shock or hypoglycaemia
may result in a loss of airway patency and protective mechanisms. Unconscious
patients should be nursed in the three-quarters prone position or recovery position
and never left unattended. Airway opening procedures and airway adjuncts lead-
ing to intubation may be required.
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Breathing

e Respiratory complications in P. falciparum malaria include pulmonary oedema due to
the rapid administration of fluids and Acute Respiratory Distress Syndrome (ARDS).
The same strategies to treat and prevent ARDS due to other causes are applicable to
malaria (Chapter 14). Malaria ARDS is associated with a high mortality.

e There is an overlap between sepsis, pneumonia and malaria. Therefore, the threshold
for starting antibiotics should be low.

Circulation

e Initial aggressive fluid resuscitation in children with severe malaria is controversial.
The WHO (2015) advise against rapid fluid boluses of colloids or crystalloids in
children.

e In adults haemodynamic monitoring is essential as excessive fluid resuscitation
may result in pulmonary oedema, while inadequate volume replacement will
lead to acute kidney injury and worsening metabolic acidosis. Fluid resuscitation
should be provided in boluses of 10-20ml/kg and monitored continuously with
regular re-assessment to determine the effect.

e Shock occurs in approximately 10% of patients. Vasopressors may be required;
however, adrenaline should be avoided as this may increase lactate production.

e Lactate acidosis is common and a marker of poor prognosis. A high lactate level is
caused by anaerobic glycolysis in under-perfused tissues, due to microcirculation
obstruction by parasitised erythrocytes. Other factors include hepatic and renal
impairment.

e Blood cultures should be taken on admission and antibiotics started early and
de-escalated or discontinued if bacterial infection is ruled out.

e Thrombocytopenia is common in severe malaria; however, spontaneous bleeding
is not common.

e Haemolysis can cause acute, severe anaemia. The recommended threshold for
transfusion in adults is 7g/dl as for other critically ill patients. For children it has
been recommended a Hb of 4-6g/dl is acceptable.

e Leukocyte counts can be normal, which may be useful in differentiating between
bacterial infections that imitate malaria.

e In approximately 10% of cases Disseminating Intravascular Coagulopathy (DIC)
occurs. It is a late sign, associated with multi-organ failure and poor outcome.

e Exchange transfusion (Chapter 29) may be appropriate with patients with a high
parasite count.

e Actively treat pyrexia (>39°C) by administering paracetamol as an antipyretic.
Tepid sponging and fanning may make the patient comfortable. Except for P.
vivax malaria, three stages of fever have been identified: the cold stage, during
which the patient has rigors and temperature increases; the hot stage, whereby the
patient is flushed, has a rapid pulse and pyrexia for a few hours; and the sweating
stage, when the patient sweats significantly and the temperature falls for a period.
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Acute kidney injury can occur due to volume depletion, shock, microcirculation
obstruction. In P. falciparum haemoglobinuria (brown or black urine), sometimes
termed blackwater fever, occurs due to severe renal failure. Although the term
‘blackwater fever’ is an obsolete term, it can still be used by some clinicians to
describe this condition. Strict fluid balance monitoring, one-hourly urine measure-
ment and urea and electrolyte blood tests should be monitored. Haemodialysis or
RRT may be required in up to 35% of patients.

Observe the patient and record observations. This may help identify complications
including metabolic acidosis, pulmonary oedema, hypovolaemic shock.

If available perform arterial blood gases and other routine bloods to assess renal
function, glucose, electrolytes and anaemia.

Neurological

Check hourly blood glucose level of hypoglycaemia. Hypoglycaemia may be due
to impaired hepatic gluconeogenesis, glucose consumption by the parasites and the
effects of quinine stimulating pancreatic insulin secretion. Hypoglycaemia should be
treated with intravenous glucose (Sml/kg 10% dextrose). In the event of no access to
glucose monitoring empirical dextrose containing IV fluid (e.g. 5% dextrose) should
be given and in the event of evidence of hypoglycaemia (e.g. reduced conscious-
ness, fitting) administration of buccal or IV dextrose should be given. In addition, a
naso-gastric tube can be inserted to provide nutrition and sugar. Hypoglycaemia is
common in children, pregnant women and those treated with intravenous quinine.
Observe for other sources of reduced level of consciousness, e.g. meningitis.
Seizures should be treated with a benzodiazepine, e.g. intravenous diazepam,
midazolam or lorazepam. If seizures continue, phenytoin or phenobarbitone may
be required.

In an unconscious patient, perform neurological observations and observe for
deterioration. Apply neurological protection principles if concerned about cere-
bral malaria or increased intra-cranial pressure.

Neurological outcome is better in adult survivors, whereas in children cere-
bral malaria includes hemiplegia, spasticity, blindness and impaired learning.
Neurological care includes:

fever control;

elevating head of the bed;

effective treatment of seizures;

osmotic therapy;

hyperventilation specifically targeted to raised intracranial pressure.

O O O O O

High dose dexamethasone can be harmful and is associated with prolonged dura-
tion of coma.

If trained to do so, examine the optic fundi. Retinal whitening, vascular changes or
haemorrhages, if present, will assist in confirming diagnosis. Papilloedema is rare,
and if seen a lumbar puncture is contra-indicated.
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(Karnad et al., 2018; Carter & Mukonka, 2017; Bisanzo et al., 2016; Bell & Lalloo,
2014; WHO, 2012, 2015; Taylor, 2012; White et al., 2014)

Anti-malaria treatment

Up until 20035, quinine was the drug of choice; the SEAQUAMAT study, a large ran-
domised control trial, found patients treated with artesunate had a significantly lower
mortality (Dondorp et al., 2005). The AQUAMAT study of African children treated
with artesunate showed comparable results (Dondorp ef al., 2010). In consequence, IV
artesunate replaced quinine as the anti-malarial agent of choice (Karnad et al., 2018).

In complicated malaria treatment include IV artesunate 2.4mg/kg at 0, 12, 24 hours.
If no TV access, artesunate can be given via IM injection or suppositories for children.
Once the patient can take an oral diet, the oral course can commence. An alternative
is IV quinine; however, there is regional resistance. If using quinine, loading dose
20mg/kg in 5% dextrose over four hours (slow IV infusion). Maintenance dose 10mg/kg
IV every eight hours until taking oral. Potential complications to quinine include risk of
QT prolongation, therefore continuous cardiac monitoring is required. Hypoglycaemia
monitor blood glucose levels (Bisanzo et al., 2016). Figure 28.1 outlines the treatment
of malaria using artesunate.
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Sickle cell
disease

Sickle cell disease (SCD) is an inherited haemoglobin disorder that affects how the
oxygen is transported within the blood. Individuals with sickle cell trait (SCT) are
generally asymptomatic and may be diagnosed accidently, for example from blood
investigations prior to surgery or antenatal care (Brown, 2012). SCT is prevalent
in parts of the world where malaria is endemic and is known to provide protection
against Plasmodium falciparum malaria (Brown, 2012).

The term ‘SCD’ is an umbrella term for sickle cell anaemia and thalassemia; the
terms ‘SCD’ and ‘sickle cell anaemia’ can be used interchangeably, and although
linked they are different conditions (Livesay & Ruppert, 2012; Brown, 2012). SCD is
described as a syndrome including any abnormal haemoglobin which combines with
a sickle haemoglobin (HbS). Combinations include sickle cell anaemia (HbSS), sickle
cell disease (HbSS) and sickle/beta thalassemia (HbS/Beta).

SCD is characterised by a change in the shape of red blood cells. In SCD when red
blood cells are oxygenated, they retain the normal cell shape. However, when they
become deoxygenated they polymerise causing them to change shape and become long
fibres and ‘stick’ together, causing them to become sickle in shape (Brown, 2012).
When the cell becomes oxygenated again it returns to a biconcave shape. This continual
change in shape causes the cell to become irreversibly sickle shaped and haemolysed,
resulting in a shortened life span of 10-20 days, instead of the normal life span of a red
blood cell of 120 days. The excessive haemolysis leads to chronic haemolytic anaemia
(Brown, 2012). The misshaped cell lacks plasticity and can block small blood vessels,
reducing blood flow (Thachil & Bates, 2014).

Reasons for admission to critical care may be sickle cell disease (SCD) related or
SCD-unrelated events (Cecchini et al., 2014). The clinical spectrum of SCD-related
conditions can range from simple pain to multi-organ failure (Cecchini et al., 2014);
conditions include (Table 29.1):

e vaso-occlusive crises (VOC);
e acute chest syndrome (ACS);
e fever or sepsis;
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shock;

acute cor-pulmonale;

pulmonary oedema;

acute kidney injury;

hyperhaemolysis transfusion reactions;
medullary necrosis;

erythroblastopenia;

splenic sequestration;

splenic sequestration;

aplastic crises;

stroke;

posterior reversible encephalopathy syndrome;
SCD-related cerebral vasculopathy (seizures and strokes);
e opiate overdose;

e  priapism.

(Checkett & Mfinanga, 2016; Cecchini et al., 2014)

In addition, people with SCD are living longer and may develop morbidities such as
pulmonary hypertension, hepatic (liver) and renal dysfunction. These conditions may
exacerbate acute VOC episodes (Brown, 2012).

Vaso-occlusive crises (VOC)

Vaso-occlusive crises (VOC) often result in hospital admission. VOC occurs when the
sickle-shaped cells occlude blood vessels, preventing oxygen and nutrients reaching
tissues; this leads to tissue hypoxia, tissue necrosis and severe pain. VOC is the com-
monest form of sickle cell crises, but others include:

e sequestration crisis: pooling of blood in an organ (spleen in children, liver in adults
and lungs in both children and adults);

e aplastic crisis: bone marrow stops or reduces function for a brief period. This can
be triggered by infection (Parvovirus B19) or folic acid deficiency;

e haemolytic crises: caused by a rapid drop in haemoglobin levels.
(Brown, 2012)

The underlying cause of VOC is often infection, therefore the cause should be iden-
tified and appropriately treated (Livesay & Ruppert, 2012). Causes may also include
temperature changes, dehydration and trauma (Checkett & Mfinanga, 2016). Signs of
VOC may include pain in chest, back, hips, shoulders, proximal arms and legs. Stroke
is a significant complication of VOC, with children more likely to experience an acute
stroke than adults. The incidence of ischaemic stroke decreases as patients get older
and haemorrhagic stroke becomes more common. However, adults with SCA are at
increased risk of ischaemic risk than the general population (Livesay & Ruppert, 2012).
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Table 29.1 Potential conditions associated with sickle cell

Condition

Vaso-occlusive
crises (VOC)

Acute chest
syndrome

Fever

Splenic
sequestration

Aplastic crisis

Stroke

Priapism

History

Pain in chest, back, hips,
shoulder, proximal arms, legs

Infiltrate on chest X-ray

PLUS

Cough, fever, tachypnoea, chest
pain, wheezing

Fever and any systemic
symptoms of sepsis

Acute, painful enlargement of
spleen with decrease in Hgb and
platelets

Acute, severe drop in Hb,
white cells and platelets

Sudden onset neurological
symptoms

Painful erection lasting >4 hours

Source: Checkett & Mfinanga, 2016

Acute chest syndrome

Potential causes

Infection
Temperature change
Dehydration
Trauma

Pulmonary infarction triggered
by infection, thromboembolism
Differential diagnosis:

e fat embolism;

® myocardial Infarction;
® pulmonary embolism;
® pneumonia.

Sickle cell patients are at risk
of sepsis due to functional
asplenia (absence of normal
spleen function).

Sequestration of sickled red
blood cells in the spleen
Differential diagnosis:

e malaria;
e thalassemia;
e haemolytic anaemia.

Infection
Folate deficiency
Marrow necrosis

VOC crises in the brain
Differential diagnosis:

e non-occlusive ischaemic or
haemorrhagic stroke.

Penile VOC

Acute chest syndrome (ACS) is defined as the combination of a new pulmonary infil-
trate on chest X-ray with chest pain, fever, tachypnoea, wheezing and cough. ACS
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is a frequent cause of vaso-occlusive event (VOE) leading to critical care admission
and respiratory support (Cecchini et al., 2014). Differential diagnosis includes fat
embolism, myocardial infarction, pulmonary embolism or pneumonia (Checkett &
Mfinanga, 2016).

The severity of lung injury caused by ACS varies, with severe cases leading to ARDS.
The cause of the lung injury is not clear, but believed to result from bacterial or viral
infection, fat embolism from bone infarction and necrosis, vaso-occlusion of the pul-
monary vasculature or a combination (Livesay & Ruppert, 2012).

Blood transfusion

Therapeutic target for blood transfusions in patients with VOC remains controversial
(Livesay & Ruppert, 2012). Types of blood transfusion include:

e ‘top-up’ transfusion, which adds to the donor’s blood without removing any of the
recipient’s blood;

e ‘exchange’ transfusion whereby donor blood replaces recipient’s blood. This can
either be full exchange of the patient’s whole blood volume or partial/limited
exchanges, when smaller volumes are used (Christie, 2016).

Transfusions should only be used when there is a clinical indication, for example to
correct symptomatic anaemia, end-organ failure because of hypoxia, acute stroke and
ACS (Cecchini et al., 2014; Checkett & Mfinanga, 2016; Thachil & Bates, 2014).
Cross-matching may take longer in SCD patients as sickle cell patients must undergo
an extended cross-match for atypical antibodies (Patil et al., 2017).

Surgical care

ACS is more common in SCD patients undergoing operative procedures requiring gen-
eral anaesthesia and abdominal surgical procedures (Livesay & Ruppert, 2012). This
requires patients to be appropriately optimised prior to surgery which may be difficult
if the surgical intervention is an emergency, for example due to trauma or an emer-
gency caesarean section.

Electively, perioperative blood transfusion may be indicated to replace sickle cells
with normal red blood cells to reduce operative complications including stroke and
ACS due to increased blood viscosity (Christie, 2016). However, transfusion poses
additional risks including access to safe, screened blood and sufficient quantities. Intra-
operatively, if available blood conserving techniques should be used, for example the
use of cell-savers (Patil et al., 2017).

Other complications include hypothermia. Temperature can cause VOC; therefore,
patients’ temperature should be monitored and actively warmed while in theatre and
during the post-operative period. All fluids should be warmed prior to administration.
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Pregnancy

Common conditions affecting SCD pregnant women include VOC, ACS, thromboem-
bolic events, anaemia and increased risk of infection (Patil et al., 2017). SCD pregnant
women are also at higher risk of pre-eclampsia, eclampsia and HELLP (haemolysis,
elevated liver enzymes and low platelets). Three major causes of death in pregnancy
SCD include ACS, sepsis and multi-organ failure (Howard et al., 1995). Specific con-
siderations include:

e Monitoring. SCD pregnant women may need to be admitted and monitored to
detect any early signs of deterioration. Care includes monitoring, hydration (includ-
ing encouraging oral fluids), avoiding excessive starvation with ketosis, strict fluid
balance monitoring and keeping the patient warm.

e Pain management. The use of pethidine (meperidine or Demerol) should be avoided
as this can increase the risk of pethidine-associated seizures in SCD. In addition,
non-steroidal anti-inflammatory drugs (NSAIDs) should be avoided in pregnancy
between 12 and 18 weeks (Patil et al., 2017). Epidurals may be useful for VOC in
lower limbs during labour and deemed safer than spinals. Epidurals allow a slow
incremental block to be achieved.

e Delivery. A prolonged second stage of labour should be avoided and minimise the
risk for an emergency delivery or caesarean section.

e [nfection. Common causes include urinary tract infections (UTI).

(Patil et al., 2017)

Critical care admission and management

Many patients are first admitted to general wards from emergency departments with
an isolated VOC and deteriorate often due to ACS. Ward-based care includes aggres-
sively managing VOC and involves (Cecchini ez al., 2014; Livesay & Ruppert, 2012):

supplementary oxygen;

aggressive IV hydration;

folate supplementation;

analgesia;

transfusion of packed red cells as necessary;
Bed-rest.

Monitoring and observation for deterioration is critical in all SCD patients, to pre-
vent a vaso-occlusive event leading to ACS and acute deterioration. During a severe
sickle cell crisis and acute deterioration patients may require admission to critical
care units. The reversible nature of many conditions associated with SCD justifies
the admission of these young patients to critical care, and poor outcome is associated
with a delayed critical care admission (Cecchini & Fartoukh, 2015). A team approach
including physiotherapists and haematology is required. Management may include
the following.
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Airway

Observation for signs of airway obstruction due to reduced level of consciousness.

Breathing

Supplementary oxygen should be administered to keep oxygen saturations >95%.
Use supplemental oxygen irrespective of saturations when using opioids.
Splinting of diaphragm may lead to respiratory failure and hypoxia.

Mechanical ventilation may be required due to respiratory failure. Neuromuscular
blockade may be required to improve oxygenation. Paralysing agents should only
be used when sedation alone does not reduce the work of breathing, ventilator
dyssynchronous and hypoxia.

Ventilation prevention strategies should be used to prevent ARDS.

Circulation

All patients should be monitored for signs of arrhythmias. This includes cardiac
monitoring and one-hourly observations.

Establishing IV access may be difficult, as SCD patients may have had multiple
hospital admissions, invasive lines and potentially exchange transfusions. If central
access is required a vas-cath may be more appropriate than a traditional central line
as this will allow quick transfusions and exchange transfusions to be undertaken.
IV fluids to prevent dehydration and careful fluid monitoring particularly in chest crises.
In ongoing shock, vasopressors may be required.

Haemoglobin and haematocrit should be closely monitored every 12 hours. Trans-
fusion should only be used if there is clinical indication. A haemoglobin decrease
of 1% combined with continued hypoxaemia may indicate the need for red blood
cell transfusion and possibly exchange transfusion. The procedure to undertake an
exchange transfusion is outlined in Box 29.1.

When giving blood transfusion or exchange transfusion observe for signs of com-
plication. Delayed haemolytic transfusion reactions (DHTR) can occur from 24
hour to 21 days after a transfusion.

Folic acid and iron supplementation.

Sickle cell patients are at risk of sepsis due to functional asplenia (absence of normal
spleen function). The source of sepsis should be identified and treated. Antibiotics
should be prescribed if sepsis suspected or confirmed.

Temperature should be monitored, with the aim of keeping the patient’s core
temperature >36°C. Patients should be kept warm and actively warmed.

Fluid balance should be monitored.

Acute kidney injury (AKI) is a significant risk. Careful cardiovascular assessment
for signs of volume depletion should be observed. Damage to glomerular filtration
may result in low or low-normal serum creatinine levels. In consequence, the patter
and rate of serum creatinine change should be considered rather than the absolute
value of creatinine. These subtle signs may be the only indicators of AKI.
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Box 29.1 Procedure for an exchange transfusion
(Patil et al., 2017)

Step 1: Baseline blood tests:

HbS percentage;

urea and creatinine;

calcium;

magnesium;

liver function tests;

cross-match (if not already done).

Step 2: Cross-match six to eight units of packed red blood cells (PRBC).

e Blood will need to be fully cross-matched and include Rh and Kell antigens.
e Liaise with haematology and laboratory staff to ensure no alloantibodies are
present.

Step 3: Assemble equipment:

e infusion pump;

e giving set;

e scales/transfusion bags to collect venesected blood;
e blood warmer;

e thermometer;

e blood pressure, ECG, saturation monitor;

e sterile gloves;

e Patent vas-cath or central line.

Step 4: Assemble drugs:

e calcium chloride/gluconate;
e packed red cells;
e Five to eight 500ml normal saline bags.

Step 5: Process:

Warm blood using blood warmer.

Start infusion of saline 500ml bag over 30 minutes.

Venesect 500ml over 30 minutes.

Once 500ml saline given, venesect volume of first unit of PRBC.
Start first unit of PRBC over 40 minutes.

Venesect volume of second unit once first unit has been transfused.
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Transfuse second PRBC unit over one hour.

Venesect volume of third unit once second unit has been transfused.
Transfuse third unit over two hours.

Re-check full blood count and HbS.

If HB <8g/dl transfuse first use while performing second venesection.

Target HBS <30%

Target final Hb will be determined by condition, e.g. pregnancy final Hb
10-11g/dl. Hb >11g/dl should be avoided due to hyperviscosity risk.

Monitor for signs of hyperkalaemia and hypocalcaemia — check venous blood
gas intermittently and cardiac monitoring for signs for ECG changes.

Neurological

e Pain is caused during VOC and caused by sickled blood flowing through small
capillary beds. Stress and anxiety can also exacerbate pain. Analgesia (opioids)
should be given and assessed for its effectiveness.

e Pain management can be complicated due to opioid tolerance and pain secondary
to VOC. Opioid overdose leading to respiratory compromise and reduced level of
consciousness is a risk. Analgesia should not be denied to a patient in pain and
individualised pain management plans need to be agreed.

e Observation for signs of neurological complications including stroke, seizures,
headaches and neuropathy.

Potential complications:

e  Chronic anaemia, haemolysis and intermittent acute VOCs result in progressive
organ damage, leading to multi-organ failure.
e Complications of bed-rest, e.g. pressure sores, DVT, PE, pneumonia.

(Patil et al., 2017; WHO, 2017; Checkett & Mfinanga, 2016; Thachil & Bates, 2014;
Livesay & Ruppert, 2012; Cecchini et al., 2014; Gardner et al., 2010; Cecchini &
Fartoukh, 2015)
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Poisoning

Acute poisoning is a common medical emergency (Leach, 2004). Poisoning can lead
to organ dysfunction and metabolic derangements, which can lead to critical care
admission (Jayakrishnan et al., 2012). Poisoning may be self-poisoning (e.g. recrea-
tional drug use, attempted suicide), homicidal, industrial, warfare or terrorism (Nolan
et al., 2011). Drug toxicity can be caused by inappropriate dosing and drug reactions.
General principles and management of poisoning are based on clinical features, exam-
ination, resuscitation and investigations (Wood & Wyncool, 2014). Common types of
poisoning requiring critical care admission include:

e organophosphate poisoning;
e opioid;

e  cocaine toxicity;

e benzodiazepines;

e tricyclic antidepressants;

e  paracetamol.

Early critical care admission can influence outcome following poisoning (Jayakrishnan
et al.,2012). The priorities of treatment include decontamination, limiting the absorp-
tion of ingested poisons, enhancing elimination or the use of antidotes (Nolan et al.,
2011). Hospitals must have access to a drug/poisons database to help identify treat-
ment plans. General critical care considerations when nursing a poisoning patient
include the following:

e Personal safety and access to personal protective equipment must be used.

e Patients may require decontamination; this includes removal of clothing. Care
should be taken as drugs may be absorbed into clothing, and when handled PPE
should be worn.

e DPatients should be assessed and closely monitored for signs of deterioration.
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Airway

e Airway obstruction and respiratory arrest are secondary to decreased level
consciousness.

e Early intubation can decrease the risk of aspiration. In the presence of chemicals
such as cyanide, hydrogen sulphide, corrosives and organophosphates, use caution
when performing airway management procedures, as there is risk of inhalation of
chemicals.

e In the event of vomiting, emergency suction must be immediately available.

e An unconscious or semi-conscious patient should be positioned in the three-
quarters prone or recovery position and not left unattended.

Breathing

e Self-ventilating patients should be given supplementary oxygen and oxygen satu-
rations maintained >95%.

e Continuous pulse oximetry.

e Mechanical ventilation is required in respiratory failure and hypoxia.

e  Measure arterial blood gases and correct acidosis.

e Bronchoconstriction using nebulised salbutamol or ipratropium bromide.
Circulation

e  Patients must have continuous cardiac monitoring. Many drugs result in arrhythmias.
Tachyarrhythmias may require cardioversion.

e Perform 12 lead ECGs.

e Regular blood pressure monitoring, either invasive or non-invasive. If using NIBP,
the frequency should be set to five-minute intervals.

e  Monitor electrolytes, particularly potassium level.

¢ Drug-induced hypotension should be managed with IV fluids. Vasopressors may
be required.

e Measure the patient’s temperature as hypo- or hyperthermia can occur after drug
overdose.

e  Strict fluid balance charting should be followed.

Disability (neurological)

e Monitor Glasgow Coma Scale and pupil size and reaction.
e Measure blood glucose levels and treat hypoglycaemia.
e Observe and treat seizures.
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Exposure

e Examination of the patient may reveal clues, for example odours, needle marks or
signs of corrosion of the mouth.
e Measure temperature.

Antidotes

e Routine use of gastric lavage for gastrointestinal decontamination is not recom-
mended.

e Laxatives and emetics are not recommended in the management of acutely poisoned
patients.

e Activated charcoal absorbs certain drugs; however, its efficacy decreases over
time following ingestion and there is little evidence that treatment with activated
charcoal improves clinical outcome. Charcoal should only be given if the patient
has an intact or protected airway. Dose may be single or multiple depending on
the poisoning. Multiple doses may be indicated in life-threatening poisoning with
carbamazepine, dapsone, phenobarbital, quinine and theophylline.

e Urine alkalisation (urine pH >7.5) by IV sodium bicarbonate is indicated for
moderate to severe salicylate poisoning in those who do not need haemodialysis.

e  Specific antidotes include:

o paracetamol overdose: acetylcysteine;
o organophosphate, sodium nitrate, sodium thiosulfate, hydroxocobalamin
poisoning: high dose atropine;
o cyanides: amyl nitrate.
(Nolan et al., 2011)

The use of gastric lavage has limited effect and delays the use of activated charcoal if
indicated. Activated charcoal is a treatment for many acute poisonings, and works by
absorbing toxins. Exceptions include elemental metals, pesticides, alcohol including
ethanol, strong acids and alkaline and cyanide. Activated charcoal should be given
within one hour of the overdose for the maximum effect. Care must be taken to
protect patients airway, in a semi-/unconscious patient due to the risk of vomiting
(Leach, 2004).

Organophosphate poisoning

Organophosphate is a widely used pesticide in LICs. It is widely accessible, and poisoning
may occur due to accidental, occupational or attempted suicide (Soltaninejad & Shadnia,
2014). Organophosphates have also been used as nerve agents in chemical weapons.
Organophosphate poisoning (OPP) can be divided into the following categories:
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e  Muscarinic effects.

o Hypersecretion (increased sweating, salivation and bronchial secretions),
constricted pupils, bradycardia, hypotension, bronchoconstriction, vomiting,
diarrhoea, urinary incontinence.

e Nicotinic effects.
o Skeletal and respiratory muscular weakness, fasciculations.
e Central nervous system (CNS) effects.

o Restlessness, anxiety. Headaches, seizures, unconsciousness.
(Katz et al., 2016; Olson & van Hoving, 2016a)

Critical care considerations

e Healthcare professionals are at risk of secondary exposure/contamination when in
direct contact and handling patients or by ‘off-gassing’.

e Cardiac monitoring observing for arrhythmias (QT interval or PVCs).

e  Fluid resuscitation to treat hypotension; inotropes may be required to maintain a
MAP >70mmHg.

e Observations for respiratory failure, treat hypoxia and bronchoconstriction using
nebulised salbutamol or ipratropium bromide. Mechanical ventilation as indicated.

e Treatment of seizures using IV benzodiazepines.

e Antidotes:

o Muscarinic effects: IV atropine.

o Test dose 1mg atropine in adults.

o 2-4mg every 15 minutes until full atropinisation (control of excessive
bronchial and oral secretions).

o Maintenance continuous infusion 0.05mg/kg/hr.

o Observe the patient for atropine toxicity (similar signs to OPP CNS effects).

o As condition improves, reduce atropine gradually over 24 hours.

o Nicotinic effects: cholinesterase reactivator, e.g. obidoxime.

o  Effects may be limited if given >24 hours after exposure.

o  Contra-indications: carbamate poisoning.

o Dose: 250mg (3—5mg/kg) IV or IM every five minutes after the first atropine
dose. If appropriate response, additional one to two doses can be given every
two hours.

Opioid poisoning

Opioid poisoning causes respiratory depression, which can rapidly lead to hypoxia,
respiratory arrest and if left untreated death. Acute signs of opioid poisoning include
respiratory depression (respiratory rate <8/min or apnoeic), pinpoint pupils and
reduced level of consciousness. Specific treatment includes the following;:
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e Administer high-flow oxygen. Ventilate using a self-inflating bag and mask (Ambu
bag) if breathing inadequate or apnoeic.
e Antidote: naloxone (Narcan)

o Naloxone can be given intravenously (IV), intramuscularly (IM), subcutaneously
(SC), intranasally (IN).

o Initial adult doses are 400mcg (IV), 800mcg (IM, SC) or 2mg IN.

o Additional boluses should be titrated to effect. Large opioid overdoses can
require doses of 6-10mg.

o Naloxone is short-acting 45-70 minutes, but respiratory depression can
occur 4-5 hours after overdose. Therefore, patients should be monitored and
observed in critical care.

o Acute withdrawal from opioids can cause pulmonary oedema, ventricular
arrhythmias and severe agitation. If the cause of the overdose was iatrogenic,
the patient will be in immediate pain as all the analgesic effects will have
been removed. In opioid dependence, the patient will be in acute withdrawal.
Specialist input will be required.

Cocaine toxicity

Cocaine abuse and dependence is a global epidemic (Shanti & Lucas, 2003). Cocaine
overdose may be complicated by alcohol and other emergency situations, for exam-
ple being involved in accidents and trauma situations. Cocaine toxicity results in a
multi-system response which can result in organ failure. Common symptoms and
signs includes sympathetic overstimulation including agitation, tachycardia, hyperten-
sive crisis, hyperthermia and myocardial ischaemia and angina (Nolan ez al., 2011).
Specific treatment include:

e small doses of IV benzodiazepines (midazolam, diazepam, lorazepam);
e glycerine trinitrate and phentolamine, which can reverse cocaine-induced coronary
vasoconstriction.

Benzodiazepines

Benzodiazepine overdose includes respiratory depression, hypotension and uncon-
sciousness. Specific treatment includes administration of the antidote flumazenil.
Flumazenil should be used when there is no risk or history of seizures. Rapid reversal
can cause toxicity (seizures, arrhythmias, hypotension and withdrawal syndrome in
patients with dependence).

Tricyclic antidepressants

Drugs include: amitriptyline, despiramine, imipramine, nortriptyline, doxepin and clo-
mipramine. For the first six hours following ingestion the patient is at most risk. Signs
of overdose include:
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e hypotension;

e life-threatening arrhythmias — widening QRS complex, heart block, lengthening
PR interval;

e seizures;

e unconsciousness;

e anticholinergic effects (mydriasis, fever, dry skin, delirium, tachycardia, ileus, urinary
retention).

Specific treatment includes the following:

e Cardiac monitoring and 12 lead ECG.

e Optimisation of electrolytes (potassium, sodium).

e Sodium bicarbonate for tricyclic induced ventricular conduction abnormalities.
Aim for blood pH to be between 7.45 and 7.55.

e Treat seizures with IV benzodiazepines, followed by phenobarbitone or Propofol.
Avoid phenytoin as it may worsen cardiac arrhythmias (Olson & van Hoving,
2016b).

Paracetamol

Paracetamol overdose depletes glutathione stores resulting in a build-up of hydroxy-
lamine metabolites which damages the liver and kidneys. Management includes gastric
lavage and activated charcoal within the first four hours of ingestion. If paraceta-
mol levels at four hours remain elevated or >10g has been ingested, N-acetylcysteine
(NAC) should be administered to increase glutathione levels. NAC is most effective
within 12 hours of ingestion. Patients must be monitored as hepatic damage can be
evident after 24 hours, peak at 3-4 days and recovery phase lasts approximately 8 days
(Leach, 2004).
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Diabetes
mellitus

Today, diabetes and its associated conditions is a global concern, with a signifi-
cant increase in the prevalence of diabetes. This has become a concern for LICs, as
healthcare systems adapt and respond to this new chronic disease (WHO, 2017; Gill
et al., 2014). An estimated 10% of healthcare budgets in African countries is spent
on diabetes care; this demonstrates the impact of this disease and the resources
required (Beran et al., 2015).

Diabetes mellitus is a chronic, metabolic disease characterised by deranged blood
glucose levels, characterised by hyperglycaemia, resulting from defects in insulin secre-
tion, insulin action or both (Gill & Mbanya, 2013). Chronic complications of diabetes
include retinopathy, nephropathy, coronary artery disease, peripheral vascular disease
and cerebrovascular disease. Diabetes mellitus is classified as either type I or type IL.
Type I diabetes occurs when the pancreas fails to produce insulin, whereas type II
diabetes occurs when the pancreas does not produce enough insulin or the body’s cells
do not respond to the insulin. Type II diabetes is common in low-income settings due
to urbanisation, changes in dietary quality, overweight and obesity, reduced physical
activity and use of anti-retroviral drugs (Gill & Mbanya, 2013). Additional challenges
in the provision of diabetic services may include low or intermittent supplies of insulin
in rural areas. This may lead to diabetic patients under dosing to make supplies last
longer, which leads to poor control, weight loss and increased chances of complications
(Gill & Mbanya, 2013).

Acute complications which may require critical care admission include hypoglycae-
mia, diabetic keto-acidosis and hyperosmolar hyperglycaemic states (HHS). However,
the impact of diabetes on patients requiring surgical care, or developing gestational
diabetes or having malnutrition-related diabetes mellitus may also require critical care
input or be at increased risk of deterioration.

Blood glucose testing

In critical care blood glucose testing can be measured by either a drop of capillary
blood and placing this on a test strip which is read by blood glucose meter or from an
arterial blood gas. Results can be measured in either mmol/l or mg/dl.
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To correctly monitor a capillary blood glucose level you will require the following

equipment:

blood glucose meter;
test strips;
control solution;
single-use safety lancets;
gloves;
Cotton wool/gauze;
sharps box.
(Rutledge & Nesbitt, 2016)

To measure a blood glucose:

Check the equipment. Test strips are in date, monitor and test strips have been cali-
brated and internal quality control measures have been carried out and documented
in accordance with hospital and manufacturers’ guidelines.
Explain the procedure to the patient.
Wash hands and put on personal protective equipment.
Take a single-use lancet device. The most common site for taking blood is from a
fingertip. Repeated use of the same site can lead to damage to the nerve ending and
the site becoming less sensitive. When taking blood, the outer aspect of the finger
is deemed less painful. The thumb and forefinger should be avoided, and sites must
be rotated to prevent infection, reducing pain and the skin becoming toughened.
The finger may require ‘milking’ from palm of the hand towards the finger to gain
a sufficient amount of blood for the test.
Insert the test strip into the glucose meter and apply the blood to the test strip.
Check the type of test strips as some require the blood to be applied from the side
(hydrophilic) instead of being dropped onto the strip.
Dispose of the lancet immediately.
Place gauze or cotton wool over puncture site. Observe for signs of continued bleeding.
Document the result and act on your findings.

(Rutledge & Nesbitt, 2016; Dougherty & Lister, 2011)

Hypoglycaemia

Hypoglycaemia is a common metabolic complication and is a common cause of uncon-
sciousness in hospitalised patients (Odell, 2013). The symptoms and blood glucose
level at which complications occur is variable (Becker & Kabeza, 2016). Blood glucose
level are considered low when <4mmol/l (70mg/dl) in adults or <3.5mmol/l in children
(Becker & Kabeza, 2016).

The management of hypoglycaemia includes the following:

Assess the patient using the A—E approach. A semi-conscious or unconscious patient
is at risk of airway obstruction and should be managed in the three-quarters prone
or recovery position.
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Check blood glucose levels.
If the patient can eat, give them food/drink.
IV dextrose:

o Infants/children Sml/kg 10% dextrose. Then commence dextrose containing
maintenance fluids.

o Adults 25-50ml 50% dextrose or 125-250ml 10% dextrose. Then commence
5-10% dextrose maintenance.

If IV access is difficult, consider 10, IM Glucagon 1mg, naso-gastric or rectal glucose.
If no IV access give 10% sucrose solution (1 rounded teaspoon of sugar in 3.5
tablespoons of water) orally.
If patient has persistent hypoglycaemia, give continuous IV dextrose infusions
(5% to 10%). In children, the fluid must have added electrolytes.
On recovery, give a long-lasting carbohydrate snack.
Attempt to identify the cause of hypoglycaemia and correct it.
If hypoglycaemia is due to sulphonylureas, put up a slow IV dextrose infusion
(5-10%) for 12-24 hours.

(Gill & Mbanya, 2013; Becker & Kabeza, 2016)

Diabetic keto-acidosis

Diabetic keto-acidosis (DKA) is an acute complication of diabetes hyperglycaemia. It
is often the presenting feature of type I diabetes and most cases occur in established
patients. Presentation includes ketones in urine, acidosis and severe dehydration. In
all presentations, a source of infection (pneumonia, urinary tract, skin, malaria, etc.),
should be investigated. Challenges when dealing with DKA include:

late presentation;

low and irregular food supply;

lack of insulin and oral agents;
absence of dieticians and podiatrists;
lack of monitoring equipment;
limited laboratory support.

Effective management requires laboratory support (including arterial blood gas
monitoring, electrolytes, renal function and glucose monitoring). The situation and

reso

urces will determine interventions; all patients should have the following;:

Admit to critical care.

Assess using the A-E approach and manage accordingly. This includes invasive
monitoring (central line and arterial line if available).

Arterial blood gas monitoring to monitor acidosis and potassium.

Dipstick urine for ketones.

Take bloods for urea and electrolytes (U&KE).
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Urinary catheter and fluid balance monitoring.

One-hourly blood glucose monitoring.

Look for source of infection (perform Malaria RDT if appropriate).
Consider naso-gastric tube for administration of nutrition and drugs.

DKA management with all resources available:

Aggressive fluid resuscitation. Give 500ml 0.9% saline quickly, then 500ml hourly
for four to six hours.

Insulin. Soluble insulin 50 units in 50ml normal saline IV (1ml = 1unit). Start dose
at four to six units/hr.

Potassium. If initial potassium level normal, start potassium chloride (KCL) added
to saline at 10-30mmol/hr. Titrate according to electrolyte results.

Bicarbonate should only be used if the patient is critically ill. Give 50 mmol dilute
(do not use 8.4%) NaCHO3 by IV slowly.

Monitoring to include:

o initial blood gases, blood glucose levels and U&E;
o hourly blood glucose monitoring;
o laboratory blood glucose monitoring and U&E two-hourly.

When blood glucose <15mmol and patient has improved stop IV insulin and saline.
Convert to glucose, potassium infusion 100ml/hr, alternating insulin and KCL con-
tent according to laboratory results. When patient is conscious and able to eat,
convert to subcutaneous insulin.

In a resource-limited environment, DKA can be managed as follows:

Fluids. 500ml 0.9% saline quickly, then 500ml hourly for four to six hours. If not
available use Hartmann’s (Ringer’s infusion) or Darrow’s solution. In primary
healthcare clinics awaiting transfer to hospital give subcutaneous or rectal fluids
at a slower rate.
Insulin. Soluble 20 units IM stat and 10 units IM hourly. If no soluble insulin, use
lente or isophane 20 units IM stat and 15 units IM hourly.
Potassium. None for first hour, then 20mmol/hr for three hours and 10mmol/hr
for two hours.
Bicarbonate. Bicarbonate is only administered in patients who are critically ill and
not improving. The dose is S0mmol NaCHO3 (not 8.4%) given slowly IV. Repeat
if necessary only once.
Monitoring. Hourly blood glucose monitoring and four-hourly urine ketones.
When blood glucose <15mmol/l convert to IV fluids 5% glucose 500ml two-hourly
for four to six hours. Then 500ml for four hours. Continue with IM insulin. When
patient can eat, change to subcutaneous insulin.
Arrange for urgent transfer to hospital/critical care unit.
(Becker & Kabeza, 2016;
Gill & Mbanya, 2013; Gill et al., 2014)
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Hyperosmolar hyperglycaemic states (HHS)

Hyperosmolar hyperglycaemic state (HHS) requires accurate laboratory support to
measure initial urea, electrolyte and glucose. This allows for the serum osmolarity to
be calculated (Gill & Mbanya, 2013):

Osmolarity = (2 (Sodium + Potassium) + Urea + Glucose (all levels in mmol/L)

Patients with HHS tend to be elderly and severely dehydrated. Severe dehydration
maybe caused by infection or recent diuretic therapy. HHS has a high mortality and
thrombolytic complications due to dehydration is common. In consequence, heparin
treatment is usually included in treatment protocols. Other management includes the
following;:

e Larger volumes of fluids are required; however, because of advanced age, rate of
fluid resuscitation tends to be slower.

e 0.9% saline is used, unless the patient is hypernatraemic (Na >150mmol/l), half-
normal (0.45%) saline should be considered until plasma Na <150mmol/l.

e Potassium replacement is less aggressive.

e Bicarbonate is never given.

e Insulin requirements are often lower.

(Gill & Mbanya, 2013)

Malnutrition-related diabetes mellitus

Malnutrition-related diabetes mellitus (MRDM) is a sub-type of diabetes, which is also
termed ‘tropical diabetes’ or ‘tropical pancreatic diabetes’. Patients tend to be young
males who have either had or present with malnutrition. It is believed malnutrition
leads to pancreatic damage, which may be evident with pancreatic radiological calci-
fication, abdominal pain and steatorrhoea. Patients often require insulin and may be
insulin resistant but are not insulin dependent or ketosis prone (Gill & Mbanya, 2013).

Gestational diabetes

Gestational diabetes mellitus (GDM) is a new diagnosis of diabetes during pregnancy
and post-partum the mother returns to normal glucose tolerance, although there is an
increased risk of type II diabetes later in life. Risk factors include obesity, past medical
history of GDM, family history of diabetes and a history of large babies (>4kg) (Gill &
Mbanya, 2013). Dangers of GDM include:

e foetal macrosomia;
e eclampsia;
e foetal growth retardation;
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e  birth difficulties;
e neonatal hypoglycaemia;
e neonatal respiratory distress.

Management of GDM includes the following:

Tight glycaemic control to reduce maternal and foetal complications.

Type I diabetics may need to increase the frequency of insulin.

Type II diabetes may need to convert to insulin.

Close neonatal care, with preparation for a caesarean section (at 36-38 weeks).
(Gill & Mbanya, 2013)

Diabetes and surgical care

Poorly controlled diabetes is associated with poor surgical outcomes. Surgery causes
an increase in an individual’s stress response leading to increased blood glucose levels
up to six to eight times higher than normal (Dunning, 2014). This leads to osmotic
diuresis, increased hepatic glucose output, lipolysis and insulin resistance. Unless con-
trolled this increases the risk of a diabetic patient developing diabetic keto-acidosis
(DKA), hyperosmolar hyperglycaemic states (HHS), lactic acidosis and infection
(Dunning, 2014). Certain types of surgery can increase the risk of diabetic complica-
tions, for example cardiac bypass surgery is associated with a greater risk of HHS. In
addition, anaesthesia causes a release in counter-regulatory hormones and glucagon
leading to insulin resistance, glycogenesis, hyperglycaemia and neutrophil dysfunction
which inhibits wound healing. The stress response leads to gastro-intestinal instability
resulting in nausea and vomiting resulting in increased risk of dehydration which will
exacerbate fluid loss (Dunning, 2014).

Nursing care will be determined by the type of procedure and if it is an urgent,
emergency or elective procedure. Key points include the following:

e  Urinalysis and electrolytes recorded pre-operatively and available as part of the
pre-anaesthetic assessment.

e Prioritise the patient for first on the surgical list, to prevent prolonged fasting and
potential counter-regulatory hormone release that leads to hyperglycaemia.

e When fasting record check blood glucose levels two-hourly then one hour prior to
surgery. If hyperglycaemic, consider glucose/insulin/potassium regimen. Aim to pre-
vent hyperglycaemia as this reduces the risk of adverse outcome in diabetic patients,
often with the use of a sliding scale insulin regimen pre-, intra- and post-operatively.

e Avoid hypoglycaemia as this inhibits white cell function and increases the risk
of bleeding, resulting in complications such as sepsis, acidosis, hypotension and
hypovolaemia. All patients should be monitored for signs of hypovolaemia and
dehydration; additional TV fluids may be required.

e A persistent hyperglycaemia may be an indication of underlying infection, surgical
or metabolic complication and severe pain (Dunning, 2014).
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Obtain specialist diabetic input to guide care.
Observe for AKI, particularly if using radiologic contrast.
Administration of IV potassium supplements requires cardiac monitoring.
Diabetic patients’ pressure areas must be monitored regularly due to the increased
risk of neuropathic feet and pressure area damage.

(Berhe et al., 2017; Dunning, 2014)

Insulin administration

In hospitals insulin errors are common (James & Diggle, 2016). Errors can occur dur-
ing the prescribing and administration due to:

dosage errors;

illegibility of prescriptions;

incomplete prescriptions;

Errors in dosing intervals, e.g. during international transfers and time differences;

incorrect insulin formations being used;

lack of understanding between the link with the mealtime and insulin administration

relationship;

failure to change prescriptions when patient’s dietary requirements change, e.g.

NBM, parental feeds;

drug interactions;

transcription errors;

the term ‘v’ being written for units and mistaken for an extra ‘0%

insufficient pumps to administer insulin infusions;

poorly stored insulin, e.g. lack of refrigerators, not temperature regulated/checked.
(Grant, 2011)

To mitigate the risk of insulin errors include the following;:

Obtain accurate medical history including name, strength, dose and timing of each
insulin dose. Depending on the situation encourage patients or their families to
bring insulin vials for correct identification and dose validation.

Avoid using abbreviations such as ‘v’ to indicate the number of units.

Avoid verbal orders unless a medical emergency. Care should be taken to write
the verbal order down and have it confirmed with another registered practitioner.
Correctly store insulin, particularly if there is a risk of packaging being mistaken
for other medications.

Use an independent double checker to check all insulin doses.

Education of staff relating to best practice and risks.

Monitor patients’ response and condition, e.g. acutely ill patients may not have
had the opportunity to eat a regular meal or take their insulin as they normally

would, potentially leading to complications.
(Paparella, 2006)
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Table 31.1 Example glucose insulin potassium regime when no insulin
pump available

Start intravenous infusion of 5% or 10% dextrose (500ml bag) over five hours and
add insulin and potassium chloride (KCL) to each 500ml bag as below.

Change bag according to blood sugar level. Flow rate 100ml/hr.

Blood glucose level Insulin Serum potassium KCL

mgldl ol (units/bag) (mmol/L) (mmol/bag)
<72 3.9 No <3 20

72-108 4-5.9 5 3-5 10
109-180 6-9.9 10 >5 No
181-360 10-19.9 15

>360 >20 20

Source: Berhe et al., 2017

Variable rate insulin infusion

Critically ill diabetic patients often require continuous infusions of insulin. The term
‘sliding scale insulin’ has been replaced with the term ‘variable rate insulin infusion’
(VRII) (Rickard et al., 2016). All VRII should be administered via a syringe pump;
however, in a resource limited environment specialist pumps may not be available.
Rickard et al. (2016) conducted a study exploring the variations in intravenous fluid
and electrolyte management during VRII. The study reported there were wide varia-
tions in fluid prescription and often lacked potassium supplementation; this could lead
to hypokalaemia and other potential complications. Berhe et al. (2017) outline the
glucose, insulin, potassium regime when an infusion pump is not available (Table 31.1).
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Hypertension
and acute stroke

Hypertension is a global concern, contributing to the burden of heart disease, stroke
and kidney failure and premature death and disability. In this chapter, the practical
management of hypertension which may be undiagnosed or inadequately controlled
leading to stroke is outlined. Hypertension is a significant concern for low- to low-
middle income countries, in addition to poorly diagnosed or inadequately controlled
hypertension; by 2020 an estimated 1.15 billion hypertensive patients in low-income
settings will require healthcare (Gill et al., 2014; Mittal & Singh, 2010). Causes of
hypertension may be due to:

e malignant hypertension due to neurological and/or cardiovascular decompensation;
e pregnancy;
e elderliness;
e diabetes;
e renal disease.
(Walker & Edwards, 2013)

The cause of the hypertension will determine the treatment, for example hypertension
due to pregnancy will be managed differently to sub-arachnoid haemorrhage with
decompensation. The long-term effects of uncontrolled hypertension may result in
admission to critical care due to:

e stroke;

e left ventricular hypertrophy;
e renal failure;

e coronary artery disease;

e hypertensive retinopathy;

Issues surrounding under-diagnosis and poor management may result in hypertensive
patients only being identified during crises or acute conditions.
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Management of acute stroke

Stroke can be caused by either ischaemia or intracranial haemorrhage (Table 32.1).
Diagnosis requires neuroimaging to determine the cause and treatment options (Table
32.2). Within low-income settings, access to computed tomography (CT) scanning
can be limited and the associated transfer to the scanner is also an increased risk for
deterioration. The availability of CT scanners within low-income settings has been esti-
mated as 0.32 per 1 million people (Berkowitz, 2016). CT scans provide information
on the size and location of stroke; presence of bleeding; possible degree of reversibil-
ity; cerebral haemodynamic status; status of intracranial and extracranial vasculature
(Figueroa et al., 2015).

Table 32.1 Types of stroke, potential causes and associated risk factors

Type Causes Risk factors
Ischaemia Thrombosis or Hypertension
embolic Diabetes Hypercholesterolaemia renal disease
Smoking

Hypercoagulable status

Heart disease

Atrial fibrillation

HIV infection and therapy may be associated
with increased risk of stroke

Intracranial Intracerebral or Hypertension
haemorrhage subarachnoid Bleeding disorders
bleed CNS infection

Stroke syndromes (underlying lesions, tumours,
toxoplasmosis, brain abscess and other space-
occupying lesions)

Table 32.2 Treatment for ischemic and haemorrhagic stroke

Type Key treatments
Ischemic stroke Aspirin
Anticoagulants
Thrombolysis
Decompressive hemicraniectomy
Cerebral Reduction in blood pressure as tolerated
haemorrhage Reversal of anticoagulants if the cause of the stroke; this is based

on each individual cases and benefit v. harm.
Neurosurgical intervention to remove haematoma
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Co-ordinated care starts from the point of injury, continues through the emergency
department until rehabilitation. In consequence, critical care interventions should be
provided when and where they are needed, and should not be delayed until a critical
care bed becomes available.

Critical care considerations involve timely restoration of cerebral perfusion, lim-
iting the secondary effects of neural injury and preventing/treating neurological and
non-neurological complications. Other critical care interventions include:

Airway

e Intubation may be required if the patient’s Glasgow Coma Score <8, to prevent
aspiration and loss of airway patency.

Breathing

e Supplementary oxygen should be given to keep oxygen saturation $>95%.

e Hypoxia may be caused by partial airway obstruction, hypoventilation, aspiration
and atelectasis.

e Mechanical ventilation may be required to treat hypoxia and respiratory failure.

Circulation

e Cardiac assessment — observing for cardiovascular or haemodynamic compromise,
e.g. atrial fibrillation (AF), murmurs, absent pulses, carotid bruit.

e Additional complications with left ventricular hypertrophy and hypertensive heart
failure may complicate weaning from mechanical ventilation or fluid resuscitation.

e Ischaemic stroke:

o Determine the potential causes: cerebral embolism, herpes zoster, infective
endocarditis.

o Maintain cerebral perfusion.

o Hypertension should not be treated unless a candidate for thrombolysis,
malignant hypertension or other medical reason, e.g. aortic dissection.

o Thrombolytic therapy is used to restore blood flow. Removal of the occlu-
sive thrombus may be through pharmacological intravenous thrombolysis or
mechanical methods.

e Haemorrhagic stroke:

o Discontinue anticoagulants and anti-platelet therapy.

o  Consider reversing anticoagulants.

o BP management using labetalol, nicardipine, esmolol, enalapril, hydralazine,
nitroprusside, nitro-glycerine and monitoring.
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e Hyperthermia and hypothermia should be actively treated and prevented. Hyper-
thermia enhances oxygen free radical production, exacerbates the blood-brain
barrier breakdown and exacerbates cytoskeletal proteolysis.

e DPotential complications include dehydration. Monitor fluid intake and ensure
adequate fluids are provided (oral, naso-gastric or intravenously).

e Chronic renal disease may be further exacerbated by period of hypotension resulting
in poor renal perfusion.

Neurological

e Glasgow Coma Scale monitoring and pupil assessment should be performed a
minimum of every hour unless indicated. Specific problems may include:

o motor deficit: paresis or paralysis;
o sensory deficit: decreased sensation;
o aphasia;

o ataxia;

o visual loss;

o dysphagia;

o unawareness of weakened side.

e Treatment of seizures.

e Monitoring of blood glucose levels. Both hypo- and hyperglycaemia have negative
effects. Hyperglycaemia damages brain tissue through free radical production, injury
to the blood-brain barrier and causes a lactic acidosis, whereas hypoglycaemia has a
negative effect and impacts of ischaemic brain and infarct growth.

e Observe for signs of pain and look for a treatable cause.

Other considerations

e Swallow assessment and the provision of adequate hydration and nutrition.
Patients may require a naso-gastric tube and enteral feeding.

e DPrevention of deep vein thrombosis (DVT) by using DVT prophylaxis and early
mobilisation.

e Prevention of complications of bed-rest.

o  Constipation or faecal incontinence:

o Monitor bowel movements.
o Maintain fibre and fluid intake.

e Prevention of contractures by passive limb movements and involvement of physio-
therapists.

e Prevention of pressure sores by regular position changes.

e  Careful repositioning to prevent injuries and ‘painful shoulder’:
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o Use pillows to support flaccid arm.
o Ensure limbs do not become trapped in bedrails etc. during turns.
o Do not pull on arms when repositioning.

e During the rehabilitation stage:

o Observe for depression/emotional issues. Involve the patient in decisions and
their care. Consider psychological support and medication for depression.

o Avoid indwelling catheters if possible; use incontinence pads or intermittent
catheterisation.
Early mobilisation.
Input from specialist physiotherapist and neurological teams.

(Chandra et al., 2016; Berkowitz, 2016; Figueroa et al., 2015; Gill et al., 2014; Walker
& Edwards, 2013; Connor & Bryer, 2013)

Management of hypertension following acute
ischaemic stroke

Following acute ischaemic stroke patients may be hypertensive. The cause may be
due to stress response, chronic hypertension, increased intra-cranial pressure or
activation of neuroendocrine system. Blood pressure tends to normalise over 24-48
hours. Severe hypertension may cause cerebral oedema, intracerebral haemorrhage
and breakdown of the blood-brain barrier. Intervening and reducing the patient’s
blood pressure may be detrimental as the increasing blood pressure is necessary for
maintaining cerebral perfusion. Unless patients have received thrombolytic therapy
whereby control of hypertension to maintain a blood pressure <180/105mmHg in the
first 24 hours is indicated. In other situations, the evidence is unclear for reducing
blood pressure immediately. Most guidelines suggest not using anti-hypertensives,
unless the systolic blood pressure >220 mmHg and diastolic blood pressure is >120
mmHg, or if the patient is at risk for acute heart failure or aortic dissection (Figueroa
et al., 2015).

Management of hypertension following acute
intracranial haemorrhage

Following acute intracranial haemorrhage, the lowering of systolic blood pressure
(SBP) is recommended. The target SBP is unclear; however, below 140mmHg appears
safe. Following ischaemic stroke, BP can be allowed to autoregulate unless throm-
bolytic therapy is administered. With limited access to CT scanning, determining the
cause of the acute stroke is difficult, therefore it is appropriate to consider lowering
SBP to below 180mmHg for all patients with unknown aetiology. It is rare for patients
with unknown aetiology for their condition to worsen when BP is lowered. The patient
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should be monitored and if any adverse effects are noted, BP can be increased with a
bolus of IV crystalloid and then allowed to autoregulate (Berkowitz, 2016).

The use of aspirin in acute intracerebral haemorrhage is associated with increased
risk of death. With no CT scans, healthcare workers may not administer aspirin to
patients with unknown aetiology. It has been suggested initiating aspirin 24-48 hours
post-acute stroke of unknown aetiology could minimise the risk of acute intracere-
bral haemorrhage while maximising the benefit for those with acute ischaemic stroke
(Berkowitz, 2016).
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Snake and
scorpion bites

Snake bites

There are many venomous snakes throughout the world. With an estimated 5.4 million
people bitten each year and approximately 2.7 million envenomations (WHO, 2017).
Around 95% of cases snake envenomation takes place in LICs or LMICs and involve
the poorest and those who live in rural communities. With most bites affecting
farm workers, women and children in rural communities, this makes it difficult
to access healthcare services (Buckle & Hirshon, 2016a). For African and Asian
countries envenomation is a considerable public health concern (Chippaux, 1998).
Epidemiological data in countries with venomous snakes is variable making it dif-
ficult to establish the true extent of the problem. From the evidence available the
incidence of snake bite envenomation is a global issue and has been re-classified as
a Neglected Tropical Disease by the WHO (Chippaux, 2017). From approximately
81,000 to 138,000 people die annually; however, the number of people who are per-
manently disabled or have an amputation due to complications is significantly higher
(WHO, 2017).

Many snake bites are not followed by severe envenomation; however, envenom-
ation can be delayed and all patients who have been bitten should be assessed and
monitored (Bellefleur & Chippaux, 2014). When envenomation occurs, challenges
include the following:

e Delays in accessing care as often patients initially use traditional healers and
remedies first. This results in a delay in receiving anti-venom and increased com-
plications and costs (Chippaux, 2017).

e Quality and access to vaccines is variable. Shortages with anti-venom have been
attributed to not bringing sustainable profits; in consequence, drug companies
have difficulty in producing and developing new vaccines (Chippaux, 2017).

e Healthcare workers may have limited training in dealing with snake bites resulting
in delays in care (Chippaux, 2017).
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The WHO has developed specific resources for the prevention and clinical management
of snake bites in Africa and South East Asia (WHO, 2010; Warrell, 2010). The following
provides an overview of types of venomous snakes, initial first aid, diagnostic tests
available and critical care considerations.

Venomous snakes can be divided into the following categories (Lalloo, 2014; Buckle
& Hirshon, 2016a):

vipers (long, hinged fangs, triangular shaped heads. Mainly nocturnal);
elapids (smooth scales, round pupils, short, fixed fangs);

Colubridae (rear fanged);

sea snakes.

Twelve types of snakes are responsible for the majority of deaths worldwide. The types
of venomous snakes present depends on the geographical location.

e  Africa, Middle East and South Asia.

o Saw-scaled or carpet vipers of the genus Echis (Picture 33.1).
o Cobras of the genus Naja (Pictures 33.2 and 33.3).

e Africa and Arabian Peninsula.

o Puff adders (Picture 33.4).

Picture 33.1 Echis ocellatus, a West African carpet viper from Niger
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Picture 33.3 Naja kaouthia from Thailand



270 Snake and scorpion bites

Picture 33.4 Bitis arietans

e Sub-Saharan Africa.

o Mambas group of widely distributed venomous snakes with a neurotoxic
venom (Picture 33.5).

Picture 33.5 Dendroaspis polylepis (black mamba)
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e Asia.

o Russell’s vipers’ envenomation results in acute kidney injury often requiring
haemodialysis. Two types of species: Daboia russelii in South Asia and Daboia
siamensis (Siamese Russell’s viper) (Picture 33.6).

o Bungarus candidus. These snakes tend to enter houses at night, biting people
who are sleeping unprotected on mats on the floor (Picture 33.7).

Picture 33.6 Daboia siamensis

Picture 33.7 Bungarus candidus
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o Malayan pit viper Calloselasma rhodostoma. The snake remains motionless
when approached and many victims are bitten after treading on it or near it.
Often found in forests and plantations (Picture 33.8).

e Australasia.

o Papuan taipans (Oxyuranus scutellatus). Without anti-venom the case fatality
rate after a bit is close to 100% (Picture 33.9).
o 50% of deaths are caused by brown snakes genus Pseudonaja (Picture 33.10).

Picture 33.8 Calloselasma rhodostoma

Picture 33.9 Oxyuranus scutellatus
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Picture 33.10 Pseudonaja textilis

e  Americas.

o Lancehead vipers of the genus Bothrops (Picture 33.11).

o Rattlesnakes. There are many different species and bites are common (Picture
33.12).

(WHO, 2018a)

Picture 33.11 Bothrops asper from Costa Rica
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Picture 33.12 Crotalus durissus

The main clinical effects following a snake bite are either local or systemic and are outlined
in Table 33.1. First aid includes the following (Lalloo, 2014; Buckle & Hirshon, 2016a):

Reassurance.

Immobilise the limb.

Do not cut, do not use suction and do not use tourniquets.

Consider a pressure bandage in regions where snake bites do not cause necrosis if
there is a delay in transporting the casualty to hospital.

Evacuate the casualty to hospital as soon as possible.

If the snake has been killed, take it to the hospital with the casualty. Otherwise try
to describe the snake and circumstances.

Critical care considerations include the following.

Table 33.1 The main clinical effects following a snake bite

Local effects  Systemic effects

Pain e Non-specific symptoms (vomiting, headache, collapse)
Swelling e Painful regional lymph nodes (this indicates absorption of venom)
Blistering o Specific signs:
Ezcsri(;:li)fat o non-clotting blood;
the wound o bleeding from gums, old wounds, sores;
o neurotoxicity: ptosis, bulbar palsy and respiratory paralysis;
o rhabdomyolysis: muscle pains and black urine;
o shock: hypotension, usually resulting from hypovolaemia.

Source: Lalloo, 2014
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Immediate actions

e  Assess patient using the A-E approach to determine the severity of the envenomation.
This is a medical emergency.

e DPerform diagnostic testing either using a commercial diagnostic test or the
20-Minute Whole Blood Clotting (20MWBC).

e All patients should be admitted and observed for 12-24 hours.

e The patient should be closely observed, monitored and regular observations
performed.

e  Measure observations (pulse, blood pressure, respiratory rate and urine output).
Observe for signs of shock or respiratory depression.

Diagnostic tests

Diagnostic tests may include the use of commercial diagnostic test, the 20-Minute
Whole Blood Clotting test or using local algorithms and checklists which confirm the
presence of important clinical signs and indicate the need for early treatment. There is
currently only one commercial diagnostic test available. It works by confirming the type
of venom present, by detecting the antibodies for specific types of venom produced by
specific types of snakes (WHO, 2018b).

20-Minute Whole Blood Clotting (20MWBC)

Following envenomation spontaneous haemorrhage is an important clinical indicator
for using anti-venom. Diagnosis can be supported by the use of the 20MWBC test to
determine the clotting time of the patient (WHO, 2018b). One to two millilitres of
blood is collected and added to clean, dry glass bottle or vial and left to stand at room
temperature for 20 minutes. The bottle is then inverted and the presence or absence of
a complete clot is recorded. If a blood clot forms then the test is negative, whereas if no
clot forms and the blood remains liquid, the test is positive. A positive result indicates
the presence of coagulopathy and the need for anti-venom. It is important that serial
tests follow exactly the same procedure including uniformed glassware, sample volume
and temperature to ensure consistency and accuracy (WHO, 2018b). The procedure
is as follows:
Equipment required:

PPE (gloves);

tourniquet;

stopwatch;

syringe and needle;

sharps box;

a clean, dry glass bottle or vial.
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Procedure:

Air

Assemble equipment and explain procedure to patient. Gain consent.
Wash hands and apply PPE.

Apply tourniquet and identify vein to draw blood.

Clean site with antiseptic and allow to dry.

Draw blood (one to two millilitres).

Transfer blood to the clean, dry glass bottle and apply lid. Start the stopwatch.
Dispose of syringe and needle in a sharps box immediately.

Remove PPE and wash hands.

Do not shake the bottle.

After 20 minutes, turn the bottle upside down to see if a clot has formed.
Dispose of glass bottle in accordance with local procedures.

Document results.

way

Observation for airway compromise and intubation in the event of loss of airway

due to respiratory failure, neurotoxicity or reduced level of consciousness.

The WHO (2018c) identified that many patients die on their way to hospital as result
of being transported supine and having their airway obstructed by vomit or paralysis
in the tongue. Until specialist help is available patients should be nursed on their side

(recovery position), with access to suction and emergency airway equipment.
Initiate oxygen in the evidence of respiratory distress and hypoxia.

Breathing

Cir

Intubation and mechanical ventilation is indicated if the patient is unable to main-
tain their own airway and/or respiratory depression due to paralysis of diaphragm

or intercostal muscles.

culation

Establish continuous cardiac monitoring, to detect arrhythmias.

Perform/repeat 20MWBC test or commercial test if available to determine coagu-

lopathy and type of snake.
Take bloods for:

haemoglobin, white cell count and platelet count;

prothrombin time, activated partial thromboplastic time, fibrinogen levels;
serum urea and creatinine;

Cross-match;

O O O O
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Observe for non-clotting blood.

Observe for signs of internal or external bleeding. Internal bleeding may include
intracranial bleeding), external may be subtle, e.g. gums, injection sites.
Transfusion of blood for haemorrhage.

Transfusion of clotting factors for clotting disorders.

Avoid intramuscular injections and invasive procedures in the coagulopathic patient.
Fluid resuscitation as required to treat hypotension. Vasopressors may be required.
Observation for the development of AKI. Insert urinary catheter and measure
urine output hourly. Observation for signs of myoglobinuria.

The effectiveness of systemic antibiotics remains unproven.

Disability

Observe for signs of neurotoxicity (limb weakness, paralysis, difficulties in talking,
swallowing or respiratory complications).

Exposure

Carefully examine the limb for signs of necrosis, tracking and swelling.

Observe for signs of compartment syndrome.

Check for muscle tenderness and myoglobinuria in sea snake bites.

Sloughy wounds should be removed using an appropriate dressing (Chapter 37).
Strict asepsis should be maintained when cleaning wounds.

Consider tetanus prophylaxis.

Anti-venom

If signs of systemic or severe local envenoming, administer anti-venom. The response
to the anti-venom should be monitored. Anaphylaxis may occur, therefore anaphy-
laxis drugs and emergency resuscitation equipment should be immediately available.
Early administration is lifesaving, but also prevents the necrotic effects and other
effects systemically.

Rehabilitation

Snake bites cause skin and soft tissue injuries resulting in scarring. Deeper muscle
damage may result in amputation or complex delayed wound healing. The severity
of the damage caused will determine the patient’s rehabilitation and recovery needs.
Poor wound healing can lead to disfigurement, contractures and loss of function.
Depends on the type of snake, for example spitting cobras can spray venom into
eyes leading to conjunctivitis, corneal abrasions and blindness.
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e AKI may result in the need for long-term haemodialysis or even kidney transplan-
tation, which may be limited within the country.

¢ Depending on how long from the time of envenomation to the time of administration
of anti-venom this may delay patients’ recovery.

e Other effects of prolonged recovery and disability include the poverty caused by
being unable to work due to prolonged hospital stay or travel to hospital for treat-
ment; being ostracised from communities and being unable to return to work and
contribute to the family and community is a serious long-term consequence of
snake bite envenomation.

(WHO, 2018¢; Bellefleur & Chippaux, 2014;
Lalloo, 2014; Buckle & Hirshon, 2016a)

Scorpion stings

In some areas of the world, scorpion stings are more common than snake bites and
can be fatal (Lalloo, 2014). Envenoming effects can be either local or systemic; clinical
features include:

e tachypnoea;

e excessive salivation;

nausea and vomiting;
lachrymation;

sweating;

abdominal pain;

muscle twitches and spasms;
hypertension;

pulmonary oedema;

cardiac arrhythmias (bradycardia or tachycardia);
hypotension;

respiratory failure;

skin necrosis.

Management:

e Transfer the casualty to hospital urgently.

e Immobilise the limb and use cold compresses to slow absorption of the toxin.

e Victims should be admitted, observed, monitored and regular observations recorded
for any deterioration.

e Patients should be assessed using the A-E approach.

Airway

e Observation for airway compromise. If excessive salivation, nurse the patient on
their side (recovery position) and ensure suction is available at the bedside.



Snake and scorpion bites 279

Intubation may be required if the airway becomes compromised due to excessive
secretions or trismus.

Breathing

Observation for signs of respiratory distress, due to respiratory failure or pulmonary
oedema.

Continuous pulse oximetry and respiratory monitoring.

Treat pulmonary oedema with diuretics.

Circulation

Continuous cardiac monitoring to observe for signs of arrhythmias (Chapter 15).
Treat bradycardias with 0.5mg atropine and assess response.

Blood pressure monitoring and in the event of hypertensive crises treat with
vaso-dilators (nitro-glycerine, nifedipine, hydralazine) as appropriate.

Establish TV access and IV fluid resuscitation as required. Vasopressors may be
required.

Disability (neurological)

Assess Glasgow Coma Scale and pupils regularly one hourly.

Agitation or any psychomotor symptoms treat with benzodiazepines.
Observe for signs of fitting and treat accordingly.

Assess pain level and administer pain relief (ideally opiates if available).

Anti-venom

If appropriate, administer scorpion anti-venom. There is a risk of anaphylaxis
(Chapter 12) and emergency resuscitation equipment and drugs to treat anaphy-
laxis must be immediately available.

Wound care

Carefully examine the limb for local signs of necrosis or other complications, e.g.
swelling.
Observe for signs of compartment syndrome.
Strict asepsis should be maintained when cleaning wounds and appropriate dress-
ings used (Chapter 37).
Consider tetanus vaccine.

(Lalloo, 2014; Buckle & Hirshon, 2016b)
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Trauma care

In this chapter, the over-arching principles of trauma care from both a military and
civilian perspective are outlined. In previous chapters we explored the provision of
critical care services in both resource limited and military environments; the clinical
environment and the resources available will determine how you can best apply the
principles of trauma care outlined below.

Trauma or injury is defined as ‘tissue damage resulting from transfer of different
forms of energy, either intentionally or unintentionally’ (Ayana et al., 2012). Injuries
can be caused by blunt or penetrating objects, a blast or a combination. Trauma is
the leading cause of mortality worldwide, killing more people every year than HIV,
TB and malaria combined (WHO, 2017). Injury remains the leading cause of death
amongst males between 15 and 29 years (UN, 2017). The UN (2017) identified approx-
imately 1.25 million people die from road traffic injuries, and road traffic deaths have
increased by an estimated 13% globally since 2000. As part of the SDGs the aim is to
halve the global number of deaths and injuries from road traffic accidents (RTA) by
2020. Within low- and middle-income countries trauma is the greatest burden of death
and disability, accounting for approximately 90% of the total burden of injury (WHO,
2004). With timely interventions the WHO (2017) identified if ‘fatality rates from
severe injury were the same in low- and middle-income countries as in high-income
countries, nearly 2 million lives could be saved every year’.

Prevention

With many traumatic injuries due to road traffic collisions, the first stage in trauma
care is to prevent injuries, through safety initiatives including wearing of either helmets
or seat belts (WHO, 2017). In conflict, preventative measures may include the wear-
ing of body armour, ballistic glasses or fire-retardant clothes. Through the various
prevention strategies, this may reduce the number of casualties or severity of injuries
sustained and ‘buy time’ until help arrives or the individual makes it to a hospital.
When an injury occurs, the primary aim must to be prevent disability and ill health
(WHO, 2017). After blast injuries many patients die immediately due to exsanguina-
tion. Within some organisations the trauma treatment paradigm has changed from the
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Hypothermia Coagulopathy

Figure 34.1 Lethal triad of trauma

Table 34.1 Potential life-threatening injuries

Catastrophic haemorrhage Exsanguination

Airway Airway obstruction

Breathing Tension pneumothorax
Open pneumothorax
Flail chest

Circulation Haemothorax

Cardiac tamponade

traditional Airway (A), Breathing (B), Circulation (C) approach to <C>ABC (Edwards
& Smith, 2016). Trauma results in blood loss, decompensation mechanisms due to
hypothermia, coagulopathy and acidosis; this is termed the lethal triad of trauma
(Figure 34.1) (Crossan & Cole, 2013). Until all three elements are appropriately man-
aged a vicious cycle develops, which leads to increased mortality (Holcomb, 2005).

Life-threatening injuries

Potential life-threatening injuries due to trauma are outlined in Table 34.1.

Preparation

In preparation to receive a patient, your role and where you are working will deter-
mine how the unit responds and prepares to receive a trauma patient. The trauma and
critical care team should consider the following:
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—  Assess the situation:

o What is the incident? Is it likely to involve multiple casualties or specific injuries,
e.g. children, explosion causing burns, etc.?

o Are you and your team safe?

o Is this a major incident?

o Do you need to activate the major incident plan?

—  Prepare:

o Prepare bed-spaces and allocate the team appropriately. Patients may need to
be discharged sooner than expected in order to prepare bed-spaces.
o  Are there any additional resources needed? For example, more IV fluids, drugs.

—  Consider all eventualities:

o Are you expected to accept patients directly to critical care to stabilise before
transferring them for definitive care? This will require additional resources
and planning for departments outside of the emergency department.

o What happens if your staff are called to help in the emergency department?
How will you prepare and manage patients already admitted?

o  Make sure your staff are briefed and ensure they have access to refreshments
and breaks as required.

On arrival a structured handover should be provided. Then the trauma team should
complete both a primary and secondary survey (WHO, 2017) (Table 34.2) to help
identify immediate and ongoing life-threatening problems. Organisations may have
their own trauma documentation which can be used as part of the handover and act as
an aide memoire for the team.

Table 34.2 Trauma Care Survey Checklist

Immediately after primary and secondary surveys:

Is further airway intervention needed? * Yes, done

¢ GCS<8 * No
Hypoxaemia or hypercarbia
¢ Face, neck, chest or any severe trauma

Is there a tension pneumothorax? ® Yes, chest drain inserted
e No
Is the pulse oximeter placed and functioning? * Yes

e Not available

Large-bore IV placed and fluids started? * Yes
* Not indicated
® Not available

Full survey for (and control of) external e Scalp
bleeding including: ® Perineum
e Back
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Table 34.2 Continued

Assessed for pelvic fracture by:

Is spinal immobilisation needed?

Neurovascular states of all 4 limbs checked?

Is the patient hypothermic?

Does the patient need (if no contraindication):

Before team leaves patient:

Has the patient been given:

Have all tests and imaging been reviewed?

Which serial examinations are needed?

Plan of care discussed with:

Relevant trauma chart or form completed?

Reproduced with kind permission from the WHO, 2017.

Haemorrhage control

Exam
X-ray
CT

Exam

Ultrasound

CT

Diagnostic peritoneal lavage

Yes

Yes, warming
No

Urinary catheter
Chest drain
Nasogastric tube
None indicated

Tetanus vaccine
Analgesics
Antibiotics
None indicated

Yes
No, follow-up plan in place

Neurological
Abdominal
Vascular
None

Patient/family
Receiving unit
Primary team
Other specialists

Yes
Not available

To control massive haemorrhage improvised or commercial tourniquets may have
been applied. Other forms of haemorrhage control include direct pressure, elevation,
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dressings, packing of wounds with gauze or use of novel haemostatics such as QuikClot
or HemCon and splinting of long bone fractures and pelvis. On arrival if a patient has
an improvised or commercial tourniquet in place, the tourniquet must be checked to
confirm it is effective. The time of application is noted and every time the patient is
moved the tourniquet effectiveness should be checked, for example after a log roll or
moving from stretcher to trolley.

C-spine control and airway management

When managing an airway always assume a cervical spine injury and provide inline
immobilisation, replacing with a well-fitting hard collar, sand-bags and tapes at the
earliest opportunity (Hardcastle & O’Reilly, 2016). C-spine control should be con-
sidered when safe to do so and resources available; this may mean C-spine control is
only applied once the patient arrives in the emergency department. C-spine should be
assessed and continued to be managed at every stage of the patient pathway until it
has been confirmed clear.

Care should be taken with cervical collars as they can reduce venous blood flow
through internal jugular veins, which may affect cerebral blood flow in a head-injured
patient. In an intubated and ventilated patient, with limited access to a CT scan it may
not be possible to clear the C-spine immediately. Prolonged use of hard collars may
cause problems including pressure sores and impede venous drainage and increase
intra-cranial pressure.

Breathing

Life-threatening breathing conditions associated with trauma include blast lung, ten-
sion pneumothorax and flail chest.

Blast lung

Following an explosion, a proportion of people nearest the explosion will die imme-
diately from blast lung. Those that survive may deteriorate over time and blast lung
can be missed because there is little evidence of injury or external signs of trauma
(Hardcastle & O’Reilly, 2016). Signs of blast lung include coughing, haemoptysis,
hypoxia, chest pain, chest X-ray (‘butterfly’ pattern of bilateral patchy infiltrates),
signs of air embolism, increasing oxygen requirements and development of respiratory
failure. Treatment includes observation, oxygen and mechanical ventilation if required.

Tension pneumothorax

Tension pneumothorax in a self-ventilating patient may develop over a period, whereas in
a ventilated patient it may be immediate. Signs include respiratory distress, asymmetrical
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chest movement, tracheal deviation (away from the affected side), reduced breath sounds,
hypoxia, tachycardia, hypotension, cyanosis (Hardcastle & O’Reilly, 2016). Treatment
includes immediate needle decompression, landmarks 2nd intercostal space, mid-
clavicular line and placement of a chest drain.

Flail chest

Flail chest occurs when two or more fractures to ribs or the sternum occur resulting
in a ‘free segment’ that causes paradoxical movements when breathing. This leads to
hypoventilation and can lead to atelectasis. Flail chest is also associated with pain, an
inability to cough and an inability to clear secretions.

Management of a flail chest may include early positive pressure ventilation in the
event of respiratory failure, chest drain and analgesia (Hardcastle & O’Reilly, 2016).
Splinting of the external chest wall with tape is of no benefit.

Circulation
Potential sources of haemorrhage include:

chest: massive haemothorax, cardiac tamponade, tension pneumothorax;
abdomen: hollow or solid organ injury;

pelvis: fracture with vascular disruption;

long bones: fracture with haemorrhage;

peripheral vascular injury or other source of external injury;

spinal trauma causing neurogenic shock.

(Hardcastle & O’Reilly, 2016)

Establishing intravascular access in trauma care is essential. This may be achieved
using peripheral intravenous (IV) cannulas, central venous catheters (CVC) and/or
intra-osseous (IO) access.

Damage control surgery

‘Damage control surgery’ is a term often used to aggressively manage the lethal triad
of trauma (ICRC). The International Committee of the Red Cross (ICRC) recognises
there is a place of DCS within resource limited environments and outlines its use in the
War Surgery Manual (Giannou et al., 2013). If appropriate, DCS can be used to treat
life-threatening abdominal, thoracic injures, limb and vascular injuries (Giannou
et al., 2013). Although DCS tends to focus on the surgical control of haemorrhage, the
post-operative care, including critical care, is equally important. Balogh ez al. (2010)
summarise the damage control principle ‘as a treatment mode applied to severely-
injured trauma patients with deranged physiology, to restore the physiology rather than
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the anatomy . . . it is all about physiology’. Continuing DCS interventions in critical
care involves the following elements (Kisat et al., 2016):

e Increased requirement of nurse to patient ratio during the critical post-operative
period (2:1).

Access to blood and blood products.

Laboratory support.

Ventilators with the ability to deliver advanced ventilation strategies.

Access to equipment to facilitate re-warming, coagulation and acidosis correction.

For DCS to be successful a whole team approach to the management of the patient needs
to be considered and recognised that it is more than the surgical intervention; care must
be initiated immediately at the point of injury and continue until the patient is stabilised.

Hypothermia mitigation

Hypothermia in trauma is a poorly visible problem but a significant challenge; it can
be either endogenous or accidental, but is associated with increased mortality and
morbidity (Carter et al., 2014). Even in hot climates, hypothermia is a significant con-
cern (Aitken et al., 2009). In trauma, even mild hypothermia leads to poor coagulation
and impaired clotting and platelet dysfunction, with mortality rising significantly with
patients with temperatures less than 35°C (Aitken et al., 2009).

Hypothermia mitigation strategies include treatments at the point of injury; how-
ever, with varying pre-hospital and emergency care, patients may present hypothermic.
Hypothermia mitigation strategies may include use of warming blankets, warmed flu-
ids and blood and blood products, increasing the ambient temperature. Temperature
should be recorded and hypothermia prevented, recognised and aggressively treated
(Carter et al., 2014).

Blood and blood products

Timely, affordable, screened blood is an essential component of surgical and trauma
care (Jenny et al., 2017). The Lancet Commission recommends at least 15 units
of blood/1000 people/year; however, in LICs this can range from 4 to 11 units of
blood/1000 people/year (Meara et al., 2016). There are three guiding principles relat-
ing to the provision of blood and blood products for transfusions (Jenny et al., 2017):

e Adequate volume of blood supply.

e  Safe protocols for blood donation and transfusion.

e Appropriate regulation to provide sustainable distribution which is equitably and
safe.

Provision of transfusion services can be centralised and/or de-centralised with volun-
teer organisations, NGOs and public and private blood banks all providing services.
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The screening of blood can be variable due to a lack of resources to screen donations’
in addition, lack of resources, including power for fridges, affect the quality of blood
storage (Jenny et al., 2017).

In a resource limited environment, understanding how to access blood for a trauma
patient will determine the amount and availability of blood and blood products; for
example, donations may come from relatives. Early communication with the hospital
blood bank will mobilise what blood resources are available early. It is likely that deci-
sions relating to ongoing care may be made due to the lack of adequate blood products.

Traumatic brain injury (TBI)

Traumatic brain injury (TBI) is a significant cause; Ayana et al. (2012) identified the
majority of trauma patients seen in the emergency department in a rural hospital in
Ethiopia had head and neck injuries (980/33%). There is little published on brain stem
death testing in resource limited environments and there are no consensus guidelines
for this area of practice. Within many countries the topic of brain death has many
complications as socio-cultural, ethnic and religious diversity do not universally accept
the concept of brain death (Waweru-Siika et al., 2017; Mbakile-Mahlanza et al., 2015;
Turner, 1998; Tomlinson et al., 2013). This presents significant challenges when trying
to discuss withdrawal of treatment and refusal results in patients remaining ventilated
for prolonged periods. Balancing futility in treatment, cultural sensitivities and alloca-
tion of limited resources will require understanding of the culture and communications
skills (Tomlinson et al., 2013).

Secondary survey/missed injuries

Polytrauma patients often have competing and conflicting injuries which pose chal-
lenges for critical care nurses (Crossan & Cole, 2013). With the priority on stabilising
the patient and treating life-threatening injuries, there is a risk of missed injuries.
Sae-Sia et al. (2012) identified that often limb and intra-abdominal injuries are missed.
This may be due to other competing injuries, e.g. active bleeding or chest injuries,
inadequate initial primary and secondary surveys, interventions including intubation
may delay diagnosis. On admission to critical care a thorough assessment should be
conducted to identify any missed injuries and given the severity of injuries it may be the
first time there is an opportunity to review thoroughly what has happened. Thomson
and Greaves (2008) highlight 40% of minor injuries are orthopaedic injuries and were
missed in the Emergency Department.

Trauma in conflict

While advances in trauma care outlined above have resulted in the USA and the UK
significantly reducing deaths in military trauma casualties in Iraq and Afghanistan
(Kushner, 2017), transferring these successes to non-military organisations in resource
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limited environments is difficult (Chu et al., 2010). This is due to a variety of reasons
but could include that many of the healthcare facilities are damaged and healthcare
workers fled or been killed (Attar & Gupta, 2017). Treatment will have commenced
before the patient arrives to a field hospital (Jeffrey, 2012), whereas in the civilian sec-
tor patients will be self-triaged, due to the lack of pre-hospital care and long transport
times to a hospital (Sinclair, 2017). Civilians of all ages are often the innocent casu-
alties in war. Although the principles of trauma care remain the same, the resources
available will determine the management. The following principles of care should be
provided when dealing with a trauma patient:

e Triage: To prioritise patients who require immediate attention. Within a conflict
situation healthcare services may already be overwhelmed and an additional influx
of casualties or types of casualties, e.g. paediatrics or burns, may overwhelm the
hospitals resources.

e  First aid and basic medical care: To initially manage <C>ABC. This may be variable,
and may involve improvisation of tourniquets and dressings. Patients may arrive by
various modes of transport, e.g. cars, buses, at different healthcare facilities which
may have limited trauma resources.

e Early surgical care saves lives and prevents long-term disability. Rehabilitation
and ongoing pain management are equally important; this includes access to reha-
bilitative devices, e.g. prosthetics, crutches, wheelchairs.

e Iscritical care appropriate? If there are no critical care services available, it may be
appropriate to consider grouping sicker patients together in one location so they
can be observed.

(SHPERE, 2013)

When dealing with traumatic wounds the following considerations should be applied:

All wounds should be considered contaminated.

All wounds, no matter how small or inaccessible, should be explored and debrided.

Delayed closure following extensive cleaning and debriding.

Within a resource limited environment, only the simplest of dressing changes

should be conducted on the ward, due to the unsterile environment. All other

dressings should be done in the operating theatres.

e Consideration for tetanus immunisation, particularly if there is a high index of
suspicion the patient has not received this previously.

e  Wounds can produce elevated levels of exudate, depending on the dressing used,
e.g. gauze and bandage will become easily contaminated and cause odour, which
can be unpleasant and embarrassing for the patient. The resources available will
determine how best you will be able to manage this.

e Highly exudating wounds should be factored in when calculating the patient’s
overall fluid requirements.

e In the cases of suicide bombings, wounds may be further contaminated by foreign
human material in the wound.

e  All patients should receive regular appropriate doses of analgesia; this may include

a peripheral nerve block, epidurals and patient-controlled analgesia if available.



290 Trauma care

Those who have sustained traumatic amputation should be started on pregabalin
and/or amitriptyline as soon as possible to prevent neuropathic limb pain (Wyld-
bore & Aldington, 2013).

e  Factors which may prevent wound healing include:

o fungal and bacterial infection;
o massive transfusion, which may cause immunological compromise;
o poor nutrition and malnourishment.
(Attar & Gupta, 2017; Sinclair, 2017; SPHERE, 2013; Jeffrey, 2012)

Paediatric trauma in conflict

Conlflicts affect all age groups, and weapons cause injury patterns not normally seen
in practice (Inwald ef al., 2014). The challenge of providing care to severely injured
children is of concern to both NGOs and military organisations (Sands, 2016; Pearce,
2015; Kenward et al., 2004). Specific challenges may include limited availability of
appropriately trained paediatric staff, treating children on adult wards and transfer-
ring children on to other facilities (Pearce, 2015; Kenward et al., 2004). For military
personnel this has been recognised as having additional challenges as the primary effort
of many military healthcare facilities is to provide support to the military population at
risk and they are resourced to deal with this. International humanitarian laws require
emergency treatment to be provided to the indigenous population and captured per-
sons, which may include children.

Similar challenges are also identified by nurses working with NGOs; due to the
nature of NGO recruitment taking people on short-notice contracts or as volunteers
means they may not always have experience in all fields (Sands, 2016). Often NGOS
and military organisations arrange ‘just in time training’ to address potential shortfalls
and meet the needs of the situation; this may include paediatric training and exposure.

Children decompensate later than adults, but deteriorate faster. In trauma injury
patterns can be different due to ‘resilient bones’ meaning severe internal damage can
occur without any overlying rib or skull fractures (Hardcastle & O’Reilly, 2016).
Common management problems may include (Hardcastle & O’Reilly, 2016):

over- or under-resuscitation;

medication errors;

failure to recognise and treat hypothermia;
failure to recognise and treat hypoglycaemia.

Any seriously injured child should be assessed using the <C>ABC approach as outlined
above. Additional information can be found in the paediatric section (Chapter 38),
burns section (Chapter 35) and the transfer (Chapter 21).

Trauma in pregnancy

Any female trauma patient between 10 and 50 years should have a pregnancy test
performed (Hardcastle & O’Reilly, 2016). The stage of pregnancy will determine the
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extent of the physiological changes associated with pregnancy and the foetal viability.
In the third trimester, there is a risk for abruptio placentae, uterine rupture and pre-
mature labour (Hardcastle & O’Reilly, 2016). When dealing with pregnant women
considerations are outlined in Chapter 39.

In summary, trauma is currently the leading cause of death amongst males aged between
15 and 29 years (UN, 2017). The wider impact on disability and death on families and
communities is significant, as individuals affected are either unable to return to work
and earn money or require ongoing long-term care. Trauma care requires the team to
respond, adapt and prioritise treatment. Critical care nurses are often involved in the
immediate and ongoing care of trauma patients and to achieve this sustainable and reli-
able resources, equipment, supplies and a healthcare workforce are essential (Dave &
Gosselin, 2017). From both a military and a civilian perspective trauma is a time-critical
emergency and the survival is determined by the interventions undertaken at the scene,
how quickly the patient receives definitive care and the prevention of complications.
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Burns care

The incidence of burns is particularly high in LICs and often affects the poorest communi-
ties in the world (Hashmi & Kamal, 2013; Olawoye et al., 2014). While the focus is on the
immediate care of burns, for the millions who are left disabled and disfigured this leaves
long-term psychological, social and economic effects for both the survivor and their fami-
lies (Van der Merwe & Steenkamp, 2012; Hashmi & Kamal, 2013; Grudziak et al., 2017).
Burns prevention programmes in low-income settings are relatively new, with few
NGOs focusing on burns prevention and management (Van der Merwe & Steenkamp,
2012). Indeed, first-aid practices remain sub-optimal with limited access and use of
clean water to immediately cool the burn or reliance on traditional remedies which
have no evidence base (Baker et al., 2015; Fadeyibi et al., 2015). In consequence, severe
burns are a common reason for admission to critical care units. In addition, there may
be no dedicated burns unit or team available, resulting in burns patients being managed
in general critical care units, where mortality can be high (Hashmi & Kamal, 2013).
The principles of burns care involve resuscitation, early excision and skin grafting,
infection control, wound care, pain management, nutrition and rehabilitation (Rogers
et al., 2014). The patient should be assessed using the <C>ABCDE approach and the
mechanism of the burn should be noted: it may be thermal, blast, explosion, chemical
or electrical (Mahoney et al., 2017). The total body surface area (TBSA) should be
assessed used an approved tool, e.g. Lund and Browder charts or the Rules of Nines.
A major burn is classified as a TBSA >15% or 10% with associated inhalation injury.
The criteria for admission to critical care include (Hashmi & Kamal, 2013):

adults with burns >15% TBSA;

children with burns >10% TBSA;

electrical burns;

facial burns and suspected inhalation injury;

perineal burns;

patients with associated illnesses, e.g. ischemic heart disease, hypertension, diabetes.

Catastrophic haemorrhage

Control of any catastrophic haemorrhage was outlined in Chapter 34.
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Airway

Upper airway burns may cause swelling to the larynx, epiglottis and glottis. Signs and
symptoms may include stridor, changes in voice and swelling. Lower airway burns may
result in hypersecretion of mucus, production of carbonaceous sputum and airway
obstruction. Treatment involves securing the airway and use of adrenaline nebulisers.

GCS <8, hypoxia, hypercapnia and any evidence of airway burns are indications for
early intubation. In adults it is recommended intubation should be with a large uncut
ETT (>8.0mm). An uncut ETT may be required in cases of facial and airway swelling.

Breathing

Oxygen should be given to all patients since carboxyhaemoglobin levels may not be
available. Take caution when using pulse oximetry as carbon monoxide poisoning
may give a high (or normal reading).

Emergency escharotomies may be required with circumferential burns around the
chest, as this may restrict ventilation.

Factors which predispose patients to pneumonia include (Rogers ez al., 2014) include:

e intubation;

e cutaneous thermal injury, due to bacterial reservoir, systemic inflammation,
immunosuppression;

e prolonged ventilation. Sustained micro-aspiration, inability to clear secretions,
re-intubations;

e inhalation injury. Direct injury resulting in exudate formation, poor micro-ciliary
clearance, reduced lung compliance, ARDS, prolonged ventilation;

e transfer. Risk of bacterial translocation;

e blood transfusions. Immunosuppression.

Rogers et al. (2014) reported that diagnosing a VAP in a burnt patient was challenging
due to the respiratory dysfunction following inhalation injury, overwhelming systemic
inflammatory response, pulmonary oedema and ARDS. In addition, fever, sputum,
leucocytosis, deranged oxygenation and abnormal chest X-rays may also be present in
a burns patient without pneumonia.

Circulation

Fluid resuscitation is an essential part of the management especially in the first few
hours. The Parkland Formula is used to calculate the fluid requirements:

(4ml/kg/%TBSA burnt) = fluid requirements in first 24 hours.

Half in first 8 hours, remaining in next 16 hours.
For children, consider adding dextrose-containing fluid for the maintenance regi-
men. 4ml/kg for first 10kg, 2ml/kg for next 10kg and 1ml/kg >20kg.
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Alternatively the Modified Parkland Formula may be used:
2ml/kg/hr x % TBSA

The Lund and Browder and Rules of Nines are guides to help guide fluid resuscita-
tion particularly in the early stages. The amount of fluid should be in response to the
patient’s condition.

Fluids should be crystalloid and ideally they should be warmed. IV access may be
difficult to establish due to the location of burns; intra-osseous access or central venous
access may be the only route. However, Mahoney et al. (2016) identify there is no
reason not to establish IV access through a burnt area if this is the only site available.

A urinary catheter should be passed and hourly urine recorded with the aim of an
output of 1-2ml/kg/hr.

Attaching monitoring electrodes and blood pressure cuffs may be difficult due to
the location of burns. In this case, monitoring may be limited, or alternative methods
used, e.g. blood pressure cuff applied to a calf in a child.

Repeated debridement may lead to anaemia; patients may be able to tolerate this
well until decompensation, therefore regular haemoglobin levels should be monitored
and transfusion as indicated.

Pain management

Pain management can be complex. Analgesics may include ketamine, opioids, regional
techniques and for neuropathic pain the use of amitriptyline (Mahoney et al., 2017)
(Chapter 19).

Nutrition

Severe burns cause a hyper-metabolic response and hyper-catabolic state requiring an
increased calorie requirement. Early enteral nutrition is recognised as important, as it
not only prevents the catabolic state, but also reduces the incidence of ileus, preserves
gut integrity and reduces stress ulceration. In many low resource settings, additional
complications may include patients who are malnourished before admission to inten-
sive care. Specialist dietician advice will be required before commencing any feeds. A
naso- or orogastric tube should be inserted and enteral feeding commenced as soon as
practicable. Access to commercial feeds is unlikely; the ICRC suggests the use of milk
and egg mixes (Mahoney ef al., 2017), which may be given as bolus feeds. Hyper-
metabolic states can last up to one and a half years after injury.

Vijhuize et al. (2010) conducted a study in South Africa and found even with access
to a dedicated dietician and supplements most burns patients did not receive sufficient
daily calorie intake. This study demonstrates the importance of nutritional input but
also the challenges in delivering enteral feeds. In a resource limited environment nurs-
ing several critically ill patients may result in patients not receiving nutrition regularly.
If culturally appropriate, the bolus feeding via an NGT may be a role family members
can undertake.
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Wound care

All severely burnt patients should have their tetanus status confirmed and if required
tetanus prophylaxis given. Early surgical debridement involves washing and debriding
dead tissue and allows for accurate assessment of the burns and to reduce the chance
of wound infection. Fasciotomies and escharotomies may be required for areas where
there is a circumferential burn. This can lead to poor perfusion and cause compart-
ment syndrome a surgical emergency. Surgical intervention is required to release the
pressure; however, it provides another wound which could become infected. Dressings
should be undertaken using a strict aseptic technique and ideally in the operating the-
atres. However, these may be undertaken on the unit due to a lack of theatre space.

Environmental

Prevent the patient from becoming become cold, especially during dressing changes, by
aggressively managing hypothermia. Hypothermia leads to coagulopathy, infection and
increased energy requirements. The ambient temperature of the room should be increased
even in hot climates, IV fluids warmed and the patient’s temperature recorded hourly.

The risk of infection is very high as immunosuppression is common after burns
(Lam et al., 2008). Patients should be barrier nursed in a side room with access to a
sink (or water supply) for hand hygiene. Observation for sources of sepsis may include
VAP, urinary catheters, wounds, intravenous access. Prophylactic antibiotic adminis-
tration is not recommended.

Paediatric patients

Burns and scalds result in a high mortality in children. Assessment of the child should
follow the <C>ABCDE approach. The burn should be assessed to ascertain if the burn
is full thickness or partial thickness. Full thickness burns can be black or white, have
no sensation and do not blanch on pressure. This type of burn involves destruction of
the skin and under entire sickness of the skin which will not regenerate. Partial thick-
ness burns are pink or red, blistering, weeping or painful (WHO, 2013).

Assessment of the burn includes the following:

e Assessment using a body surface area chart which is appropriate to the age of the child.
e If not available, the child’s palm can be used to estimate the burnt area. A child’s
palm represents approximately 1% of the total body surface area (TBSA).

Children with burns >10% of their BSA: those involving face, hands, feet, perineum,
joints, circumferential and those that are complex should be admitted to hospital. Critical
care input should be sought in case of deterioration, particularly if the patient is admitted
to the ward. Challenges for ward staff include continually observing a patient with few
staff, but this may be hindered if the child is admitted to a side room for barrier nursing.

If the child has smoke inhalation, oxygen must be given and the child closely
observed. Severe facial burns and inhalation injuries may require early intubation or
tracheostomy (WHO, 2013).
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Fluid resuscitation is required for burns >10% total BSA. The WHO (2013) rec-
ommends the use of Ringer’s lactate (Hartmann’s Solution) or normal saline with 5%
glucose. For maintenance Ringer’s lactate with 5% glucose or half normal saline with
5% glucose. During the first 24, hours include the maintenance fluid to the additional
emergency fluid requirements (4ml/kg for every 1% surface area burnt).

Half the total fluid should be administered in the first 8 hours, and the remaining
in the next 16 hours. The second 24 hours give half to three-quarters of fluid required
during the first day.

Blood may be used to correct anaemia or for deep burns to replace blood loss.

The child should be monitored closely for any signs of circulatory fluid overload.

Ongoing care involves the following:

e Nutrition. Enteral nutrition should be started within 24 hours of admission. The
nutrition should be high calorie-including protein, vitamins and iron supplements
(omit iron initially in severe malnutrition). Children with extensive burns require
approximately one and a half times the normal calorie and two to three times the
normal protein requirements (WHO, 2013).

e Prevention of contractures. Prevent contractures by passive mobilisation of the
involved areas and by splinting flexor surfaces to keep them extended. Splints can
be made of plaster of Paris and only worn at night (WHO, 2013). Early involve-
ment of physiotherapist to start rehabilitation. Children should have access to toys
and be encouraged to play.
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Principles of
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In both military and resource limited environments critical care nurses may be required
to nurse patients immediately post-operatively. While it is acknowledged recovery nurs-
ing is a highly specialist area, with few trained healthcare workers, critical care nurses
may have the best experience and knowledge to undertake this role in the absence of
a Recovery Nurse. Critical care nurses often receive critically ill patients immediately
post-operative to the unit; however, recovering a patient who will be returned to the
ward requires different skills.

Nurses must work in accordance with their professional code to protect and main-
tain the safety of any patient in their care. The International Council for Nurses (ICN)
Code of Ethics (2012) states ‘the nurse uses judgement regarding individual compe-
tence when accepting and delegating responsibility’. If you do not feel competent in
recovering a patient, you must escalate your concerns and not undertake anything
you are not competent to do. In a resource limited environment this may be difficult
as you may be the only nurse. A solution may involve swapping with another expe-
rienced nurse and allowing them to recover the patient and you undertaking their
duties. Many countries recognise recovery room nursing as part of the role of critical
care nursing, therefore local nurses or other expatriates may have the experience to
undertake this role (South African Nurses Council, 2014).

Working in recovery

Post-operative care and handover form part of the World Health Organization Safe
Surgery Checklist (Figure 36.1). The Association of Surgeons of Great Britain and Ireland
(ASGBI) have developed a skills resource for staff in poorly resourced country. Specific
considerations nurses must understand when working in this environment include:

what resources are available in the recovery room (including emergency equipment);
the importance of close observation of the patient;

awareness of anaesthetics used and the potential side effects;

post-operative pain relief available.

(ASGBI, 2014; WHO, 2003)
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An additional challenge when working in the recovery area may include access to
physician anaesthetists, particularly in remote and rural environments (Cherian et al.,
2010). In consequence nurses may not have the back-up of a skilled or experienced
doctor when complications with the patient’s airway or post-anaesthesia occur. In
many low-income settings non-physician anaesthetists including clinical officers and
nurse anaesthetists provide the majority of anaesthetic services. However, they may
not be immediately available as they may be tending to other patients. To put this in
perspective in Uganda, there are just 13 anaesthetists and 330 non-physician anaes-
thetists, for a population of 27 million. In contrast the UK has an estimated 12,000
anaesthetists for a population of 60 million (Hodges et al., 2007).

In practice, many anaesthetic practitioners have limited access to education, are
often overwhelmed with the surgical workload and have limited time to review
patients pre- or post-operatively (Cherian et al., 2010; Chang et al., 2015). Therefore,
the recovery nurse needs to be able to manage a complex post-operative patient, with
limited resources and immediate back-up in the event of any deterioration. This leads
to ‘task-shifting’” where nurses are required to take on more responsibilities to void the
gaps in services (Bisanzo et al., 2012).

Considerations when recovering an adult patient

All stages of the surgical pathway are equally important and good nursing care in the
immediate post-operative period can prevent early complications. The recovery room
should be well staffed, warm and well-lit and have oxygen, suction and resuscitation
equipment immediately available. This should not be shared with other departments
or wards. Prior to the patient leaving the operating theatre, the surgeon, anaesthetist
and nurse complete the following checks:

e The nurse verbally confirms the procedure as this may have changed or expanded
during the operation.

Completion of instruments, sponge and needle counts.

Specimen labelling.

Whether there any equipment issues.

Identify any key concerns for the recovery and management of the patient focusing
on any intraoperative or anaesthetic issues which might affect the patient (WHO,

2009a, 2009b).

This information must be verbally handed over, and the completed checklist and
patient notes given to the recovery room nurse. The WHO (2003) propose the three
most likely causes of post-operative mortality include the IV fluids not running, res-
piratory failure and post-operative hypotension.

Anaesthetic agents and drugs

Anaesthetic agents used in LICs may vary to those used in HICs. Modern fluorinated
hydrocarbon anaesthetic agents (halothane, enflurane, isofluroane and sevoflurane)
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may not be used due to access in supply and cost. In Malawi, halothane accounted for
a quarter of the entire anaesthetic department’s budget (Totonidis, 2005). Anaesthetic
agents used may vary and could include ether or halothane. Ether is an easy to manu-
facture, relatively safe and inexpensive anaesthesia; however, experience of using this
inhalation drug is becoming less common. A significant problem with ether is it is
highly flammable, especially in the presence of oxygen (Chang et al., 2015).

Halothane is believed to be the most commonly used anaesthetic agent in low
resource settings (Chang et al., 2015). Complications includes cardiac arrhythmias
and extreme bradycardia. There have also been reported cases of halothane hepatitis,
which is why it is rarely used in HIC today (Mahboobi et al., 2012).

Other methods of anaesthesia include spinal anaesthesia. Mgbakor and Adou
(2012) reported this technique is often underutilised as a form of anaesthesia for sur-
gical procedures below the umbilicus. In a study of 419 patients, they found although
they had to adapt as they did not have the resources recommended to perform the
procedure, many patients consented to this procedure (93.9%) and few adverse events
were noted. Adverse events included hypotension and vomiting, which accounted for
1.67% of complications. Mgbakor and Adou (2012) concluded spinal anaesthesia is a
‘simple, cheap and easy to learn’. Advantages of using this technique included reduced
nursing workload, risk of aspiration and overall post-operative mortality and mor-
bidity. The International Committee for the Red Cross (ICRC) recognise the use of
regional anaesthesia (spinals, peripheral nerve blocks) and recommend their use in
the conflict/disaster environment as they also have an advantage of having ‘built-in’
post-operative analgesia (Mahoney et al., 2017).

The use of ketamine may be the anaesthetic choice when limited resources are
available (Mahoney et al., 2017). It is deemed a ‘relatively safe drug’ and can be admin-
istered intravenously or intramuscularly. Cardiovascular effects including increase in
blood pressure, heart rate and cardiac output. Swallow, cough, sneeze and gag reflexes
remain intact. Ketamine is a bronchodilator and can be used to treat asthma.

Disadvantages of ketamine include excessive salivation, vivid hallucinations requir-
ing benzodiazepines, airway reflexes remain intact so laryngeal mask airways should
not be used. Ketamine should be avoided in patients who are hyperthyroid or taking
supplemental thyroxine as ketamine will worsen hypertension and those with schiz-
ophrenia. Careful administration is required in patients with ischaemic heart disease
due to the hypertension and tachycardia effects. If used during a caesarean section
ketamine crosses the placenta (Mahoney et al., 2017).

Position

A post-operative patient should never be left unattended and should have one nurse to
one patient during the immediate post-operative period.

The surgery performed will determine the position the patient will need to be recov-
ered in and any specific nursing management required. To protect the patient’s airway,
patients may arrive in the left lateral, with the knees slightly bent and their hands
placed comfortably beside the face. Patients post-abdominal, breast or orthopaedic
surgery may be recovered in the supine position.
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The position of the patient will determine where to position yourself to monitor
the airway. In the lateral position you should sit at the patient’s head, whereas in the
supine position be at the patient’s side.

Airway

On arrival a patient may still have an endotracheal tube or other airway device, e.g. a
laryngeal mask airway, in place. Once the patient is fully conscious this will need to
be removed. Post-extubation close monitoring of the patient is required to observe for
any signs of airway obstruction and deterioration. The patient may be drowsy until all
the effects of the anaesthesia have gone, therefore airway opening procedures includ-
ing the head, tilt chin lift or jaw thrust may be required. If the patient has an ETT,
self-extubation is not ideal as they may cause damage to the larynx as the cuff will have
remained inflated and secretions around the pharynx may obstruct the airway.

Monitoring

Continuous cardiac and pulse oximetry should be monitored as well as non-invasive
blood pressure, temperature and respiratory rate. The patient should also have a contin-
uous pulse oximetry monitoring. A Cochrane Nursing Care Review (Lemanski, 2016)
exploring the use of pulse oximetry in the immediate post-operative period reported
pulse oximetry improved the recognition and reduced the incidence of hypoxaemia.
Continuous observation of the patient and monitoring allowed healthcare workers to
respond to deterioration and initiate appropriate interventions.

Observations should be recorded every 5 minutes for the first 20 minutes and
recorded on the observation chart.

Temperature should be recorded. Keep the patient warm; just because the environ-
mental temperature may be hot, the patient may still get cold. Although rare, both
hypothermia and hyperthermia are post-operative complications.

The immediate risk post-surgery is haemorrhage. In addition to monitoring obser-
vations, check drains and dressings for any complications or deterioration.

Post-operative fluid management must take account of the following:

e Replacement of pre-operative deficit, e.g. the patient may have been dehydrated
for several days, have a long history of illness before the operation. This may result
in a significant positive fluid balance in the first 24 hours post-operatively.

e Replacement losses from the surgery and anaesthesia.

e Expected losses, e.g. naso-gastric tube drainage, drains.

e Hypothermic patients warming up will require more circulating volume as they
peripherally dilate.

e Normal maintenance fluids.

The decision to give fluids is based on:

e the need to correct a deficit and may require a fluid challenge or bolus under your
direct supervision;
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e a maintenance schedule;

e monitoring for signs of improvement/deterioration (reducing tachycardia, increa-
sed urine output, increased blood pressure and return of skin turgor or sunken eyes
returning).

Monitoring including recording and interpreting regular observations and maintaining
a fluid balance chart are essential components of nursing the post-operative patient.

The WHO (2003) recommend post-operative maintenance fluids can be calculated
as follows:

e Three litres a day to an adult (125ml/hr). With normal body electrolytes give normal
saline followed by 5% dextrose (glucose), followed by Ringer’s lactate (Hartmann’s
solution). These one-litre bags should be rotated over eight hours. 5% dextrose is
suitable only as a replacement for water in patients who cannot drink.

e Replace other fluid losses with solutions containing sodium, normal saline or
Hartmann’s solution with added potassium 20mmol/litre only if necessary.

e Access to laboratory results for sodium and potassium will help guide and adjust
treatment accordingly.

Post-operative pain

Post-operative pain is harmful to the patient. The type of anaesthetic given will deter-
mine the immediate pain management requirements, for example if halothane is used
as the sole method for maintaining anaesthesia, when this has worn off the patient will
be in pain, and must receive analgesia (WHO, 2003).

Pain should be assessed using the numerical rating scale (NRS) (Table 36.1) (Chapter
19). Factors which may affect the patient’s post-operative management and recovery
include delays in accessing surgical care or an inexperienced emergency and anaesthetic
team, which may lead to the patient being poorly fluid resuscitated intra-operatively. If
they remain in severe pain, this will cause adrenergic stimulation leading to hypertension,
tachycardia, and increased oxygen consumption, peripheral and renal shutdown. When
pain is relieved either through a bolus or continuous infusion of analgesia the ‘true’ blood
pressure will be revealed, and the patient will become hypotensive (Boni, 2010). Pain
can be identified as either surgical or non-surgical in origin (Gardner & Huddart, 2010).

Table 36.1 Pain assessment

No pain
Mild pain

Moderate pain

W p = O

Severe pain
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Surgical:

e Pain from surgery.
e  Complications of the surgery (bleeding, infection, compartment syndrome).
e Nerve palsies secondary to surgery or intra-operative positioning.

Non-surgical:

e DVT (immobility or hypercoagulable state)
e  Myocardial ischaemia.

e Pleuritic pain (PE, pneumonia).

e Pressure areas (especially immobile).

e Incidental pathology not related to surgery.

Depending on the drugs available, common opiates include pethidine and morphine.
Morphine is ten times more potent and has a longer duration of action than pethidine
(WHO, 2003). When administering analgesics the balance is to provide adequate pain
relief while preventing respiratory depression. On the ward, opiate analgesia is likely
to be given by intramuscular injection (WHO, 2003). Other drugs may include para-
cetamol or non-steroidal anti-inflammatory drugs (NSAIDs), e.g. diclofenac (1mg/kg)
or ibuprofen (orally, intravenously or rectally) (WHO, 2003).
Common misconceptions can include the following (WHO, 2003):

e Sedations and analgesics are the same thing.

e Withholding analgesia to ensure the patient is fully awake to send them back to
the ward.

e ‘On demand’ or ‘as required’ often means ‘not given’, therefore regular analgesia
must be prescribed before the patient goes back to the ward.

If administering an opioid then a sedation score should be used (Table 36.2) and
recorded with observations. In the event of an overdose (apnoeic, respiratory rate <8
or sedation score 3), you must do the following:

e  Assess the patient using A-E approach.

e If the patient is apnoeic or has a respiratory rate <8 but has a pulse, immediately begin
ventilating the patient via a bag, valve mask attached to oxygen. If no pulse begin CPR.

e Call for help.

e Administer naloxone (0.4mg per ampoule):

o Adults: take one ampoule (0.4mg) and dilute to 8ml (= 0.05mg/ml). Inject IV
1ml incrementally until the patient responds. To a maximum dose of 4mg.

o  Children under 12 years of age: dose = 100pg/kg (diluted and incrementally
dosed) repeated up to a maximum of 2mg.

e Naloxone is short acting; therefore, further doses may be required. In addition,
naloxone will also reverse the analgesic effects, therefore the patient will be in pain.
(Mahoney et al., 2017)
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Table 36.2 Sedation scoring

None: patient awake and alert
Mild: occasionally drowsy but easy to rouse
Moderate: frequently drowsy, but easy to rouse

Severe: drowsy, difficult to rouse

»n W NN = O

Sleeping: normal sleep and easy to rouse

Post-operative nausea and vomiting

Causes of post-operative nausea and vomiting (PONV) are classified as patient, surgi-
cal or due to drugs (Gardner & Huddart, 2010). Patients identified as at increased risk
for PONV include females, young patients, non-smokers, those with a history of travel
sickness/PONV. Patients who have post-operative hypoxia, hypotension, electrolyte dis-
turbance, uncontrolled pain. Surgical factors include type of surgery, e.g. ear, nose &
throat (ENT), laparoscopic, laparotomy, gynaecological surgical. Gastric stasis due to
ileus/obstruction and naso-gastric tube irritation, early resumption of oral intake. PONV
due to drugs include anaesthetic agents (except propofol) and opioid drugs administration.

When to send to the ward

The recovering patient should be returned to the ward, when:

conscious;

extubated;

observations are stable (blood pressure, pulse, respiratory rate, Sp02);
no evidence of hypoxia;

they can lift their head on command;

appropriate analgesia has been prescribed and given (WHO, 2003).

A nurse should collect the patient and escort them back to the ward. During the hand-
over key information includes the following:

e Surgery completed, including any complications.

e  Patient’s current conditions, including any medications given/running, e.g. IV fluids.
e Review of any drains, wounds.

e Any specific post-operative management.

The patient’s notes (including X-rays, drug chart) should accompany the patient. In
addition, all observations and fluid balance charts should be up to date and all care
documented. Once the receiving nurse has assessed the patient and has no concerns,
the patient should be transferred with a nurse escort to the ward area.
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Wound care

Wound healing is a normal response to injury when the skin integrity has been damaged
(Moore & O’Brien, 2014). Wounds can be classified as either acute or chronic. Acute
wounds are caused by trauma or surgery and include incisions, lacerations (skin tears),
burns, scalds, puncture, contusion, friction, pressure and shearing. A chronic wound
is a prolonged or static wound for longer than six weeks; common chronic wounds
include leg ulcers, diabetic foot ulcers, pressure ulcers, skin conditions, e.g. eczema,
psoriasis, blistering (Peate & Glencross, 2015).

The aim of wound care is to ‘prevent build-up of unwanted tissue types on the
wound bed, while encouraging the growth of granulation and epithelial tissue to repair
the wound’ (Peate & Glencross, 2015, p. 41). Types of tissue found on the wound bed
include the following:

e Necrotic tissue. Wet or dry tissue ‘adhered’ to the wound bed, consisting of red
blood cells, skin cells, bacteria, foreign material, e.g. fibres from wound dressings,
with varying amounts of exudate. The endotoxins and cell debris in the exudate
causes wounds to remain in the inflammatory stages of wound healing. Necrotic
tissue can also be gangrenous. This type of tissue is unwanted.

e Slough. Wet or dry tissue ‘congealed’ to the wound bed, consisting of wound exu-
date, debris, skin cells, bacteria and red blood cells. Colour can vary, for example
grey exudate includes red blood cells, yellow contains white blood cells and green
is likely to be infected with pseudomonas, although infection cannot be identified
only by the colour of the slough. Slough is an unwanted tissue.

e  Granulation. This occurs when new blood vessels (angiogenesis) needed for tis-
sue repairs occur. The aim is to prevent build-up of unwanted tissue types while
maintaining granulation.

e Epithelial. This is the final stage of wound healing and involves skin covering over
the granulation tissue. Once the wound is entirely covered with epithelial tissue
(skin) the wound is classed as being healed.

(Peate & Glencross, 2015; Rhodes & Carter, 2016; Shepherd et al., 2010)

Specific challenges affecting wound healing in resource limited settings include anae-
mia, malnutrition, poor perfusion, immune-compromise due to infections including
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HIV, wound care practices, overcrowding in clinical areas, understaffing, lack of
equipment and laboratory support.

e Anaemia may be caused by chronic malaria, worm infestations, malnutrition,
immune-compromise and poverty.

e Malnutrition, in addition to anaemia, is often related to poverty and results from
patients eating or receiving foods with relatively little nutritional value, for exam-
ple cassava flour or mashed plantain. Long-term malnutrition leads to a deficiency
in amino acids, vitamins A and C, trace elements and low serum albumin level,
which all affect wound healing.

e Poor perfusion may be caused by poorly controlled diabetes, sickle cell anaemia.
Patients who are hypoxic will have limited oxygen supply to wound beds resulting
in delayed healing.

e Overcrowding of ward areas, resulting in beds being close to each other. In malaria
endemic areas, mosquito nets may not be available on the wards; with cramped,
overcrowded wards mosquitoes may spread malaria between patients. Malaria leads
to anaemia and directly affects wound healing. High humidity in the ward can add
to the infection risk, and excessive wet and dry climates can affect wound healing.

e A lack of trained nurses providing care on the wards, resulting in dressings not
being observed or changed when required. Healthcare staff with a lack of knowl-
edge of the principles of asepsis and wound care. In many countries, families often
provide day-to-day care to the patient. Patients and relative education can be dif-
ficult with few staff to conduct patient education and poor wound care by families
and patients hinders the care provided.

e Wound care practices may involve inappropriate removal of dressings prior to
ward rounds and appointments, resulting in the wound bed temperature dropping.
Once the wound temperature drops below 28°C vasoconstriction occurs resulting
in reduced oxygen supply to the wound bed. This may last for several hours, until
the wound temperature improves. If the wound is left open to the air, the wound
bed will dry out leading to increased scarring and delayed healing.

e Limited availability or a lack of sterile dressing packs and dressings on wards leads
to difficulties in performing regular dressing changes and maintaining an aseptic
technique.

e Limited or a lack of laboratory support for culturing of wound swabs results in
delayed or an inability to process results in order to guide antibiotic use. Clinicians
may use empirical knowledge to prescribe several antibiotics before the appropri-
ate one is established. This leads to antimicrobial resistance and delayed healing.

e Access to antibiotics is variable, resulting in stronger antibiotics used initially due
to a lack of availability or incomplete courses given due to a lack of supply; in
consequence this leads to increased resistance.

(Carter & Mukonka, 2017; Rhodes & Carter, 2016;
Peate et al., 2012; Shepherd et al., 2010)

Common types of wounds encountered on critical care units may include both acute
and chronic wounds. It is likely most wounds seen will be acute post-operative surgical
wounds; however, patients may develop chronic wounds, e.g. pressure sores, during



Wound care 309

their admission. Infection is a significant risk for any patient with a wound and other
complications of wound healing depend on the type of wound.

Infection

Any wound can become infected and this could be localised or systematic and lead
to sepsis (Chapter 17). Signs of infection include (Woodrow et al., 2013; Peate et al.,
2012; European Wound Management Association (EWMA), 2005):

crepitus;

increase in amount of exudate;

pus;

spreading erythema;

viable tissues becoming sloughy;
increasing pain in the wound;

oedema;

heat around the wound area;

foul odour and purulent drainage;

elevated white cell count;

increased temperature;

signs of cellulitis, osteomyelitis and sepsis;
wound stops healing or continues to enlarge despite interventions;
e friable granulation tissue that bleeds easily.

Surgical wounds

Surgical wounds may heal by primary, secondary or tertiary (also termed ‘delayed
primary’) intention. Complications of surgical wounds include surgical site infection
(SSI) and dehiscence. The WHO (2016) identified SSI as the leading cause of surgical
complication in low-income settings, affecting up to one-third of surgical patients, and
is nine times higher than in HIC. In addition to the challenges outlined above, sterility
during surgical procedures may also impact on SSI. Operating theatres often lack com-
plete sterility such as laminar air flow. There may be a lack of sterile surgical drapes,
gloves, gowns and consumables and during busy periods two operating tables may be
used at the same time in the same room (Shepherd et al., 2010).

To prevent surgical site infection best practice guidelines focusing on the care of a
patient with a post-operative wound are outlined in Figure 37.1.

Dehiscence of the wound may occur due to the trauma and swelling caused by the
surgical procedure, obesity, and too much tissue loss resulting in a greater tension on
the wound closure and infection or underlying wound abscess. Once the wound has
dehisced, healing occurs by secondary intention, but the wound is likely to be weak in
tensile and scarring can be poorer than wounds that heal by primary intention (Peate
& Glencross, 2015).
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My 5 Moments for Hand Hygiene
Focus on caring for a patient with
a post-operative wound

Immediately before touching the post-operative wound
dressing/site, for example:

the wound d
2d. Befor

A PATIENT

AFTER
TOUCHING
A PATIENT

BEFORE
1 TOUCHING

TOUCHING PATIENT

Immediately after any task involving potential body fluid
SURROUNDINGS

exposure, such as:

3a. After post-operative w
3b. After removing stitch

3c. After undertaking

Key additional considerations for post-operative wounds

after these specific tasks, to once again fulfill Moments 2 and 3, for example
(refer to WHO dedicated 5 Moments posters for line o catheter management)

+ When indicated, pre-operative surgical antibiotic prophylaxis (SAP) should be
administered as a single parenteral dose 2 hours or less before the surgical
incision, while considering the half-life of the antibiotic. Do not prolong
administration of SAP after completion of the operation.

+ Avoid u touching of the post-operative wound site, including
by the patient.

+ Wear gloves if contact with body fluids is anticipated; the need for hand hygiene
does not change even if gloves are worn, as per the WHO 5 Moments.

 Follow local procedures regarding use of aseptic non-touch technique for any
required dressing changes/wound procedures.

- Don't touch dressings for at least 48 hours after surgery, unless leakage or
other complications occur.

+ Routine post-operative wound dressings should be basic dressing types
(e.g. absorbent or low adherence dressings).

+ When a patient for the of awound, the health worker
may also perform other tasks (e.g. accessing a venous catheter, drawing blood
samples, checking urinary catheter). Hand hygiene may be needed before and

+ Antibiotic therapy for any proven surgical site infection should ideally be
administered based on wound sample culture and sensitivity results.

+ Common signs and symptoms of wound infection are:
pain or tenderness; localized swelling; erythema; heat, or purulent drainage
from the superficial incision.

« This guidance does not include ion on post-op
wound care, when specific treatments or therapies may be required.

World Health

SAVE LIVES

CLEAN YOUR HANDS

Organization

© World Health Organization 2016. All ights reserved.
a poster. However, any ki
either exprossed or implied. d use of the reader. from is use.

Figure 37.1 Considerations when managing a post-operative wound

Reproduced with kind permission from the World Health Organization.
Traumatic wounds and burns
Traumatic wounds are likely to be dirty and require irrigation and debridement.

Infective wounds and clean wounds older than six hours should never be closed (WHO,
2018). Trauma patients are often haemodynamically compromised and cold; therefore
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treatment must include aggressive oxygenation, fluid resuscitation and warming in
order to improve oxygenation and perfusion (WHO, 2018). Principles of trauma care
are outlined in Chapter 34 and the care of burns is outlined in Chapter 35.

Diabetic wounds

Wounds caused by diabetes and cardiovascular disease are likely to be non-healing
wounds. These types of wounds are occurring with increasing frequency and cause
significant problems in low-income settings (WHO, 2011). Other complications asso-
ciated with diabetic wounds include increased risk of developing pressure sores. Due to
poor circulation and neuropathy, patients are unable to respond to the effects of pres-
sure and change their position regularly (Peate & Glencross, 2015). Care of complex
diabetic wounds in resource limited environments include:

e pressure relief;

e debridement of callus and de-sloughing where possible;

e antibiotics: consider broad spectrum antibiotics, e.g. metronidazole and Staph and
Strep cover;

e dressings: should be non-adhesive (e.g. Vaseline-impregnated gauze) and/or natu-
ral dressings, e.g. honey, sugar paste, papaya;

e patient and family education.

(Gill & Mbanya, 2013)

Pressure sores

Critically ill patients are at considerable risk for developing pressure sores. The devel-
opment of a pressure sore increases critical care and hospital stay, nursing workload,
healthcare costs, pain and disability (Kaitani ez al., 2010; Mohajeri et al., 2015).
Additional challenges include poor nutrition and delayed presentation due to distance
to healthcare facilities (Idowu et al., 2011). With limited access to pressure relieving
aids, healthcare workers may try innovative methods to relieve pressure; these include
the following:

e Gloves filled with water and placed under heels (Picture 37.1);

e To prevent urinary catheterisation, IV fluid bags can be used to collect urine;

e Teaching patients and families to provide self-care, turning and encouraging a
local diet which is high in protein (Nthumba, 2016).

Additional measures include the following;:

e  Checking pressure areas every shift. This should include checking the corners of
the mouth as pressure sores may be caused by the ETT ties, top of the ears where
oxygen mask straps may have caused rubbing or pressure damage.

e  Use of pressure risk assessment tool, for example Waterlow Scoring Tool.
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Picture 37.1 Gloves filled with water and placed under heels

Avoid plastic draw sheets, incontinence pads and tightly tucked-in draw sheets
(Waterlow, 2018).

If a patient is using a wheelchair, they should sit on a cushion (Waterlow, 2018).
Use of a turning chart.

Provide good nutrition and pain relief.

Use good manual handling techniques to prevent friction and shear forces.

Pressure sores should be graded using approved wound assessment criteria. The Euro-
pean Pressure Ulcer Advisory Panel (EPUAP) (2018) grades pressure sores as follows:

Grade 1: Non-blanching erythema of intact skin. Discolouration of the skim,
warmth, oedema, induration or hardness may be used as indicators, particularly
with individuals with darker skin.

Grade 2: Partial thickness of skin loss involving epidermis, dermis or both. The
ulcer is superficial and may look like an abrasion or blister.

Grade 3: Full thickness skin loss involving damage to or necrosis of subcutaneous
tissue but not extending to the underlying fascia.

Grade 4: Extensive destruction, tissue necrosis, or damage to muscle, bone or sup-
porting structures with or without full thickness skin loss.

Wound assessment

Wound assessment should include the following (EPUAP, 2018; Woodrow et al.,
2013; EWMA, 2005):

Location on body.
Grade of pressure sore using an approved grading tool as outlined above.
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e Size of wound (approximately in square centimetres) and document.
e  Assess the wound bed (necrotic, sloughy, exudate, granulating).

o Necrotic — debriding may be performed by:

o use of specialist dressings if available by creating a moist wound environ-
ment to allow autolytic debriding;
o surgical debridement by a surgeon or other specialist.

o Signs of slough — colour, amount and whereabouts on wound bed.

o Exudate — colour and consistency. If the wound appears infected, swab the
wound for microscopy, culture and sensitivity.

o Granulating.

e Pain.
e  Assess status of surrounding skin:
o healthy;
o macerated;
o inflamed;
o localised erythema (if more than 2cm around the wound this may indicate

spreading systemic infection).

e Mobility - is the patient mobile? Can they change their position?

e Any other complications which may affect wound healing, e.g. nutrition, malaria,
diabetes or a smoker?

e Signs of infection as outlined above.

Ideally units and hospitals should have agreed wound assessment and care plans avail-
able, to ensure consistency in assessment and documentation.

Dressing choice

Choosing the right dressing may be challenging due to the limited dressing choice
available and at times families may need to buy specialist dressings. This results in not
using the best dressing due to cost and availability, and changes in treatment plans if
the family cannot afford to continue treatment for chronic wounds. Delays may occur
if the family needs to buy the dressing from a private pharmacy and when the wound
leaks and causes strike through, the integrity of the dressing is no longer intact and will
need to be changed. If there is no dressing available, then the delay may increase the
risk of the patient developing an infection.

The use of traditional and ‘home remedies’ may be used within some communities
as a way to provide affordable wound management choices (Benskin, 2013; Mohajeri
et al., 2015). Dressings may include:

e management of burns:

o boiled potato peel;
o  banana leaf;
o honey.
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e methods of debridement:

o papaya pulp;
o sugar.

e chronic bedsore:

o kiwi fruit.

While these treatments may be uncommon to nurses from HIC, Benskin (2013)
conducted a literature review of the methods outlined above to manage burns and
methods of debridement and found there is evidence to support their use (Benskin,
2013). Mohajeri et al. (2015) reported the use of kiwi fruit extract had antibacterial
properties when used on chronic bedsores and concluded the application of kiwi fruit
was a simple, applicable and effective way to treat bedsores. While these innovative
methods to wound healing may not be used in HIC, and the studies are small scale
making it difficult to replicate, with access to expensive dressings, alternatives includ-
ing traditional methods may be the only dressings available.

Topical negative pressure

Topical negative pressure (TNP) is useful for managing heavily exudating wounds but
devices are expensive and limited. In some hospitals TNP dressings and pumps are
improvised. Although effective, without TNP, surgeons may result to the use of daily
dressings of 0.9% saline-soaked gauzes, termed WET, and frequent surgical debride-
ment. Perez et al. (2010) outline how to provide improvised TNP:

e Following surgical debridement. Povidone-iodine hand scrub brushes were
trimmed and shaped to make close contact with the all surfaces of the wound. The
number of sponges used was documented to avoid retention of sponges.

e  Multiple holes were cut into a sterile suction catheter and this was placed in close
contact with the brushes.

e The wound was then covered with an adhesive drape which extended at least two
centimetres beyond the wound margins onto dry intact skin.

e The tube was then connected to a suction unit and a continuous negative pressure
of 100mmHg was applied.

e The amount of fluid or blood drained was monitored every 30 minutes for the
first 6 hours. In case of haemorrhage (>200ml per 30 minutes) the surgeon on call
was informed.

e After six hours, the dressing and pump were checked every two hours and unless
indicated dressings changed every four days under regional or general anaesthesia.

There are various other methods documented. For example, the application of TNP
to a hand or foot is technically difficult to dress and create an airtight seal. Sreelesh
and Bhandari (2017) outline the use of a collagen powder and a sterile surgical glove.
Following surgical debridement and preparation of the wound bed, paraffin gauze and
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a sterilised sponge were placed over the wound. A suction tube made out of a sterile
urobag or Ryles tube was placed into the sponge. The sterile glove was then stretched
and placed over the dressing. An airtight seal was created using tincture benzoin and
transparent adhesive tape. TNP was applied intermittently at -125mmHg for 15 minutes
every 30 minutes for 3 days.

Positive results have been seen when using improvised TNP (Sreelesh & Bhandari,
2017; Perez et al., 2010) and its use has been documented in HIC and the military
operations during operations in Afghanistan and Iraq (Nguyen et al., 2015; Taylor &
Jeffrey, 2009). Concerns regarding patient safety when using equipment not intended
for this purpose have been identified. The decision to perform this technique must be
taken by the surgeon and the risk versus benefit justified (Perez et al., 2010). Other
considerations include the nursing workload is increased when using TNP as they are
required to monitor and adjust suction pressures to determine what is best. No alarms
to alert healthcare workers when there is a problem means increased observation of
the patient is required (Nguyen et al., 2015). Limitations to using both commercial and
improvised TNP devices may limit or not allow patients to mobilise (Nguyen et al.,
20135). Finally, the need for continuous electricity supply makes it difficult for many
hospitals to use this technique (Benskin, 2013).

In summary, wound care is predominately the domain of the nurse. Critical care
nurses may see both acute and chronic wounds; both types can be complex wounds
and require innovative strategies to promote wound healing. In addition, many exter-
nal factors are often not within the nurses’ or patients’ sphere of influence, including
finances, overcrowding and limited resources. Intrinsic factors including malnutrition
and malaria will add challenges to the management of wounds. With few experts in
wound care available, often nurses rely on a combination of experience and local rem-
edies to manage complex wounds.
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Paediatrics

The UN Convention on the Rights of the Child (UNICEF, 2017) requires the care
to sick and injured children to be delivered or supervised by someone with paediat-
ric training. The World Federation of Paediatric Intensive and Critical Care (Kissoon
et al., 2009) defined critical care as ‘the treatment of a child with a life-threatening
illness or injury in its broadest sense, without regard for the location and including
pre-hospital and emergency and intensive care’. These mandates and definitions pro-
vide significant challenges for nurses working in resource limited environments who
may not have access to specialist children’s nurses or paediatricians. In consequence,
you may be involved in resuscitating and stabilising critically ill patients in a variety
of settings. This chapter provides practical insight into providing care to children for
nurses who have varying paediatric experiences.

Nursing a critically ill patient is stressful, especially when dealing with children
that may have different conditions and challenges not normally seen in HIC. Gaining
appropriate experience and confidence to nurse an acutely and critically ill child has
specific challenges which are unlikely to be gained in HIC. Practical challenges may
include the following (Bowen et al., 2016; Wright et al., 2015; Pearce, 2015; Kenward
et al., 2004):

e Weighing scales may be broken, not calibrated or not available.

e  Using formulae, e.g. Advanced Life Support Group/European Resuscitation Council,
based on US or Western children and may not reflect malnourished children.

e Children may be more independent than their Western counterparts.

Communication challenges if they do not speak English, when assessing patients

and gaining consent.

Parents may not accompany children, which may pose issues with consent.

Ethical challenges when dealing with child soldiers.

Challenges in gaining consent if the child is unaccompanied.

Delays in accessing healthcare due to geographical distance to healthcare facilities,

or limited critical care units meaning patients need to be transferred considerable

distances.

e Access to equipment, drugs and disposable materials.

e Not all ventilators will be able to ventilate children under 1 year or a certain weight.
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e  Local or district hospitals may not have 24-hour physician staffing on wards. Meaning
nurses may be the only staff immediately available to respond to an emergency.

e Nursing staff are not trained specifically in paediatric nursing, resulting in a lack
of confidence and delays in initiating treatment.

With limited pre-hospital emergency medical services, patients may present in late stages
and arrive with minimal to no interventions (Khilnani & Chhabra, 2008). On arrival in
a medical treatment facility the child will need to be assessed and stabilised. Drugs and
treatments, e.g. endotracheal tubes, are based on the child’s weight. There are several
ways to estimate the weight of a child, including formulas (Box 38.1) and measuring
tapes. Bowen et al. (2016) reported that formulas tended to either under- or overesti-
mate children’s weights, and measuring tapes, e.g. Broselow, Oakley or Mercy tapes,
appeared to be more accurate, but were not always available when evaluating paedi-
atric weight estimation in Zambia. Bowen et al. (2016) suggested given children from
high-income countries are more obese, perhaps calculations used in the 1970s would be
better for estimation. While the gold standard remains to weigh a child when possible,
there appears to be no universal tool that rivals this method (Bowen et al., 2016). When
calculating the risk of error due to stress is high, this should be checked by another prac-
titioner (Bowen et al., 2016). With additional training, the following considerations will
help practitioners who are not familiar with nursing children to respond.

Box 38.1 Emergency paediatric calculations (WETFLAG)
Weight:
The following calculation is used to approximate the weight of a child between

1 and 10 years.

(Age + 4) x 2 = body weight (in kg)
Energy (defibrillation):

4joules/kg
Tube (endotracheal tube) sizes:

Size internal diameter (uncuffed tube) = (age/4) + 4

Length (oral) = age/2 + 12

6 months — size 3.5 tube

Term infant — 3.0 tube

Premature — 2.5 tube

Fluid bolus:

10-20ml x weight (kg) = ml
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Adrenaline cardiac arrest:

10mcg/kg of 1 in 10000 solution = 0.1ml kg
Glucose:

2ml/kg (10% dextrose)

(Resuscitation Council (UK), 2016)

With limited resources it is possible to assess and monitor seriously ill children by
using fundamental assessment skills including pulses, pulse pressure, oxygen satura-
tions, respiratory rate, blood pressure, capillary refill, peripheral temperature, urine
output and coma scoring. Simple and effective serial measurements will help identify
and monitor response to treatment (Molyneux & Maitland, 2005). Children must be
closely observed and monitored, as an estimated 50% of in-hospital deaths in children
occur within the first 24 hours of admission (Robertson & Molyneux, 2001). With
limited access to paediatric trained staff, many children will be initially managed by
healthcare workers with varying paediatric skills and experiences (Goh et al., 2003.
Wright et al., 2015).

Wright et al. (2015) describe the delivery of healthcare workers’ characteris-
tics and hospital resources when delivering a resuscitation training programme in
Botswana. Wright et al. (2015) reported 100% of healthcare workers had immediate
access to oxygen, intravenous fluids and initial antibiotics for pneumonia, yet only
50% had received any training in how to give these in an emergency. This study
demonstrates the importance of ensuring healthcare workers have the knowledge
and experience to use the resources that are available, otherwise the preventable
deaths will continue.

Airway

Infants have large heads in relation to the rest of their body. Combined with a prom-
inent occiput, this means the head tends to flex on the neck when the infant is in the
supine position. This could lead to potential airway obstruction when the level of
consciousness is reduced.

The infant’s face is small therefore appropriately sized face masks need to be used
to provide an effective seal and protect the infant’s eyes. Inside the small mouth the
tongue is relatively large. The mouth is easily compressible and the soft tissues could
become compressed causing an airway obstruction when performing airway manoeuvres.
Infants are predominately nasal breathers for the first six months of life.

Choking may be caused by a complete or partial obstruction. Choking tends to be
sudden, or there is a sudden onset of stridor or respiratory distress. An airway obstruc-
tion is a medical emergency (Figure 38.1).
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'] Resuscitation Council (UK) %Tg Paediatric Choking

Effective cough

Encourage cough

Continue to check for
deterioration to
ineffective cough or until
obstruction relieved

Figure 38.1 Choking algorithm

Reproduced with kind permission from the Resuscitation Council (UK).

Choking infant (conscious with an ineffective cough) (WHO, 2013; Resuscitation
Council (UK), 2016) (<1 year old):

e Lay the infant on your arm or thigh, in a head-down position.

e Give up to five back blows on the infant’s back using the heel of your hand.

e If obstruction persists, try up to five chest thrusts, using two fingers on the lower
half of the sternum.

e Repeat back slaps/chest thrusts until the obstruction is cleared.

e If the infant becomes unconscious, start cardio-pulmonary resuscitation (CPR). You
are doing this to remove the obstruction; once the obstruction has been cleared,
reassess the infant and act on what you find.
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Choking child (conscious with ineffective cough) (>1 year old):

e Lean the child forward, sitting, kneeling or lying, and give up to five back blows
in the middle of the back with the heel of your hand.

e If unsuccessful from behind, pass your hands around the child’s body, form a fist
and with one hand immediately below the sternum. Place your other hand over the
fist and pull upwards into the sternum. Repeat this up to five times. This is termed
an abdominal thrust or Heimlich manoeuvre.

e Repeat back slaps/abdominal thrusts until the obstruction is cleared.

e  If the child becomes unconscious, start CPR. Once the obstruction has been cleared,
reassess and act on what you find.

To open an infant’s airway, the head should be in a neutral position, and the neck not
hyperextended.

A child’s airway is opened by moving the head into a ‘sniffing the morning air’
position. If the child is unconscious and you are concerned about neck trauma, a jaw
thrust technique should be used. The child should be kept lying on their back with
C-spine immobilisation. This includes taping the child’s forehead and chin to the sides
of a firm board to secure this position. Blocks or bags of IV fluids should support the
child’s head to stop it moving. If the child vomits, turn them onto their side keeping
the head in line with the body (WHO, 2013).

Airway complications may include stridor, wheeze, drooling. If suction is required,
care should be taken and an appropriately sized rigid suction catheter (Yankeur)
should be used. Only suction what you can see.

The epiglottis in infants is larger and floppier than adults, which makes it vulnerable
to damage by airway devices. Up until 8 years old the child’s airway is funnel shaped with
the narrowest segment at the level of the cricoid cartilage. When intubating an infant a
straight blade is used and in both infants and children uncuffed endotracheal tubes are
used. To secure ETTs, tape tends to be used (Melbourne Strapping) instead of ties.

Breathing
Examination of the child includes the following;:

e Assess the child’s cough and what the quality of their cough is. If the child has a
chronic cough, this may be indicative of TB, asthma, pertussis, HIV, bronchiectasis,
lung abscess.

e  Assess the child’s work of breathing by:

o counting a respiratory rate (Table 38.1);

o looking for signs of recession, use of accessory muscles, ‘see-saw’ respiration,
nostril flaring and position;

o listening for inspiratory or expiratory noises (stridor, wheeze). Grunting is a
sign of severe respiratory compromise. Any reduced air entry, crepitations?

o looking for signs of cyanosis;

o looking for any swelling of the neck.
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Table 38.1 Respiratory rate

Age (years) Respiratory rate (per minute)
<1 30-40
1=2 26-34
2-5 24-30
5-12 20-24
>12 12-20

Assess the child’s efficacy of breathing by:

observing chest movement;
palpation;

percussion;

chest auscultation;

pulse oximetry.

Potential differential diagnosis in a child presenting with an airway or severe breathing
problem include the following (WHO, 2013):

Pneumonia: cough, tachypnoea, pyrexia, grunting or difficulty in breathing,
development over days, crepitations and signs of consolidation or effusion.
Asthma: history of recurrent wheeze, prolonged expiration, wheezing or reduced
air entry, respond to bronchodilators.

Retropharyngeal abscess: slow deterioration over days, inability to swallow and
pyrexia.

Croup: barking cough, hoarse voice, associated with an upper respiratory tract
infection, stridor on inspiration and respiratory distress.

Diphtheria: ‘bull neck’ appearance due to raised lymph nodes, signs of airway obstruc-
tion, stridor, recession, grey pharyngeal membrane, history of no DPT vaccination.
Epiglottitis: stridor, child with sepsis, little or no cough, drooling of saliva, inability
to drink.

Burns: swollen lips, smoke inhalation.

Anaphylaxis: history of allergen exposure, wheeze, shock, urticaria and swelling
of lips and face.

Bronchiolitis: first wheeze in a child aged <2 years, wheeze episode at a time of
seasonal bronchiolitis, hyperinflation of the chest, prolonged expiration, reduced
airway entry, no/little response to bronchodilators, apnoea in young infants.

Treatment involves identifying and treating the cause. Pneumonia is common and can
be either viral or bacterial. This may be complicated by TB and/or HIV (WHO, 2013).

If wheeze is present, a bronchodilator should be given. To give a bronchodilator,

e.g. salbutamol, you may not have immediate access to a nebuliser in a self-ventilating
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child. An inhaler can be used with a spacer; if no commercial spacer is available, use a
plastic cup or a 1-litre plastic bottle.

Oxygen may be provided using a non-re-breath mask, nasal prongs or a nasal catheter
(WHO, 2013).

e If using a non-re-breath mask this is very drying, ensure the oxygen does not go
directly into the child’s eyes.

e Place the nasal prongs inside the child’s nostrils and secure with tape. Nurses
should check the nasal prongs a minimum of every three hours to check they are
not blocked with mucus and are in the correct position.

e Using an 8Fr gauge catheter, measure the distance from the side of the nostril to
the inner eyebrow with the catheter. Insert the catheter and tape in place.

e Commence oxygen at 1-2 litres/min; aim for oxygen saturation >90%.

Regardless of the method used, monitoring including respiratory rate and pulse oximetry
must be performed and any concerns escalated.

If the child is not apnoeic, has a respiratory rate <8/min or not breathing adequately,
you will need to ventilate the child using a bag-valve mask.

e Use an appropriately sized self-inflating bag. Use just enough pressure to see the
chest rise. This should have a reservoir bag and high flow oxygen applied.

e Check you use an appropriately sized face mask.

e  Check ventilators can ventilate the child weight and set to paediatric mode.

Circulation

Circulating volume of the newborn is 80ml/kg and decreases with age to 60-70/kg in
adulthood. This means relatively small losses of volume can be a significant percentage
of their circulating volume. Normal heart rates (Table 38.2) and blood pressure (Table
38.3) vary with age. Central capillary refill time may provide a better assessment of
perfusion than blood pressure. Children can compensate, and hypotension tends to
a terminal sign; in consequence, shock may be present with a normal blood pressure
(WHO, 2013; Resuscitation Council (UK), 2011). When measuring blood pressure ensure
you use an appropriate sized cuff (Ralston et al., 2013).

Table 38.2 Heart rates

Age Mean Awake Deep sleep
Newborn-3 months 140 85-205 80-140

3 months-2 years 130 100-180 75-160
2-10 years 80 60-140 60-90

>10 years 75 60-100 50-90
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Table 38.3 Blood pressure

70 + (age in years x 2) = lower systolic BP limit (in mmHg)

Age Systolic blood pressure
Normal Lower limit

0-1 month >60 50-60
1-12 months 80 70
1-10 years 90 + 2 x age in years 70 + 2 x age in years
>10 years 120 90

Assess for:
e restlessness or irritability;
e lethargy;
e sunken eyes;
e decreased skin turgor;

thirsty or drinks eagerly;

abdominal distension;

e Dblood in stools;

e signs of volume loss, e.g. diarrhoea. Diarrhoea is a common cause of volume loss;
assess:

frequency of stools;

number of days of diarrhoea;

any signs of blood in the stool;

report of cholera outbreak in the area;
recent antibiotic or other treatment.

O O O O O

In the presence of poor perfusion/hypotension, give aliquots of 10ml/kg and reassess.
Expert input must be sought when dealing with a shocked child. Fluid regimens may
vary in the following situations (Ralston et al., 2013; Reynolds & Wallis, 2013):

e The use of bolus fluids in malaria remains controversial, especially with severe
anaemia. However, the restoration of perfusion in the shocked child is essential.
In septic shock if >60ml/kg of fluid is required, consider blood transfusion.

If concerned about heart failure, use 5-10ml/kg aliquots and reassess.

In trauma divide boluses into 10ml/kg and reassess.

Burns follow the Parkland Formula (Chapter 35).

Head injury or recent surgery, avoid hypotonic intravenous fluids.

Caution with aggressive, rapid rehydration, in infants <3 months, severe, acute
malnutrition, cardio-respiratory or neurological co-morbidity or hypernatraemia,
which could have adverse effects.
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e  The treatment of shock in a malnourished child differs from a well-nourished child,
because dehydration and sepsis may co-exist. Refer to local or international guide-
lines (e.g. pocket book of hospital care for children) for guidance on fluid regimes.

e When fluid resuscitating a child, always assess every five to ten minutes to identify
if they are improving or deteriorating.

Establishing intravenous access may by peripheral or central venous access, intra-
osseous or venous cut down (Chapter 18). Common sites for cannulation include scalp
veins, external jugular vein, antecubital fossa vein, dorsum of the hands, femoral or
ankle veins. In children <2 years the scalp vein is most suitable. However, in emergency
situations, e.g. resuscitation, care should be taken when using scalp veins as there is a
risk of extravasation and potential tissue necrosis (Resuscitation Council (UK), 2011).

The total daily fluid requirement for a child is calculated using the following formula:

100mg/kg for the first 10kg, then 50ml/kg for the next 10kg, thereafter 25ml/kg
for each subsequent kg.

If the child has fever, increase the amount of fluid by 10% for every 1°C of fever
(WHO, 2013).

When giving fluids, in the absence of infusion pumps, burettes may be used to provide
maintenance fluids or blood transfusions (WHO, 2013).

In the event of pyrexia (>39°C or >102.2°F) and the child is in distress paracetamol
should be given.

In low-income settings, children are at significant risk of AKI due to single disease
insults, e.g. diarrhoeal disease, malaria, haemolytic uremic syndrome and acute glo-
merulonephritis, and carry significant mortality (Esezobor et al., 2012). Esezobor et al.
(2012) identified that the incidence of AKI in hospitalised children is high and rising,
with primary kidney disease and sepsis as the commonest causes. Maintaining a fluid
balance chart to help assess hydration is an important aspect of nursing care. In cath-
eterised children, normal urine outputs:

e infants >2ml/kg/hr;
e children >1ml/kg/hr;

e alternatively, weigh the baby’s nappies or pads to measure urine output.

A good urine output suggests an adequate response to fluid resuscitation.

Disability (neurological)

Infants and children have limited communication, which needs to be considered when
assessing neurological status and pain. They may not understand you, be frightened of
a stranger or being in a strange environment. Assessing pain is difficult and the child
may not behave the way you expect them to. They may be more independent, scared
or culturally it may not be appropriate to complain.



326 Paediatrics

Pain management varies between countries, institutions and cultures (Mathew
et al., 2011). An understanding of these factors will allow you to provide appropriate
pain management strategies which are not only realistic and achievable within the
environment you are working in, but will also be continued by other nurses when you
are not on duty. In critical care many painful procedures are undertaken by nurses,
and studies have shown if nurses have appropriate education in pain management this
directly impacts on decision-making regarding pain management. A survey explor-
ing the knowledge, attitude and practices of paediatric critical care nurses found the
commonest method used when undertaking painful procedures was restraint and dis-
traction, and the use of sedatives and local anaesthetics were least used (Mathew et al.,
2011). Only one-third of nurses had received formal training in pain management and
experience and knowledge was gained from peers (Mathew et al., 2011). If available,
analgesia must be given and restraint avoided as this will cause distress for both the
child and mother. Analgesia may include (WHO, 2013):

e mild pain: paracetamol 10-15mg/kg every four to six hours, orally or rectally.
Ibuprofen 5-10mg/kg every six to eight hours;
e moderate to severe pain: morphine sulphate 0.05-0.1mg/kg IV every four to six hours.

When giving analgesics titrate the response to the patient, as each patient will respond
differently. The route of administration is also important. Giving analgesics via
intra-muscular (IM) injection can be painful and in a shocked patient can delay the
effect, therefore this route should be avoided.

Sedation prior to procedures may include:

e diazepam 0.1-0.2mg/kg IV;
e ketamine 2-4mg/kg IM.

When giving analgesics and sedations ensure emergency airway equipment including a
self-inflating bag is immediately available. Never leave a child unattended as they may
roll off the bed.

Assess the neurological status of the child either using the Alert, Voice, Pain or
Unresponsive (AVPU) approach or modified Glasgow Coma Scale (Table 38.4). Both
methods should include assessment of pupil size and reaction. The frequency of neu-
rological observations should be determined by the patient’s current and underlying
condition.

Table 38.4 Modified Glasgow Coma Scale

Eyes 4 Spontaneous eyes opening.

3 Eyes opening to speech (speak to child using appropriate language
and familiar names. If appropriate involve family to encourage the
child to respond to verbal stimuli).

2 Eyes opening to painful stimuli.



Verbal

Motor
response
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Table 38.4 Continued

No eyes opening to painful stimulus. If the child is unable to open
eyes due to swelling, it is important this is documented by recording
‘C’ in the appropriate space on the assessment tool.

Infant/pre-verbal child — smiling or contented infant who may coo
or babble.

Orientated, verbal.

Involve the family to use appropriate familiar words to encourage
the child to verbalise.

Infant/pre-verbal child - crying.
Disorientated verbal.

Consider cognitive status when assessing verbal score.
Infant/pre-verbal child — inappropriate crying.

The pitch of the cry is important.

A high-pitched cry should be recorded within significant events.
Child - verbal, monosyllabic responses.

Infant/pre-verbal child — occasional whimper.
Child - incomprehensible sounds.

Infant/pre-verbal child — no verbal response to both verbal and
painful stimuli.

An infant moves the arms spontaneously.
The child is able to obey commands.

Central painful stimuli to evoke localised response will need to be
applied when:

e an infant does not move limbs spontaneously;
e a child does not obey commands.

Normal flexion:

Infant — best motor response to stimulation in an infant up to six
months is flexion.

Child - not localising to central painful stimulus but can bend their
arm towards the source of the pain.

e The arm bends at the elbow and wrist extends rapidly in
response to pain, but does not attempt to remove the source of
the painful stimulus.

Abnormal flexion:

e Decorticate posturing describes abnormal flexion of the upper limbs
and extension of the lower libs, the arms are flexed over the chest.

Extension to painful stimulus:
Decerebrate posturing describes abnormal extension of all four limbs.

No response to painful stimulus

Source: Great Ormond Street Hospital for Children, 2017



328 Paediatrics

The posture of the child is also an important part of the neurological assessment.
A floppy child or stiff posturing child identifies neurological derangement and brain
dysfunction.

Don’t forget to check the child’s blood glucose level, as hypoglycaemia is common.
Potential causes may include hypoglycaemia (blood glucose level <2.5mmol/l (<45mg/
dl) or <3.0mmol/l (<54mg/dl) in a malnourished child, meningitis, malaria, Japanese
encephalitis, dengue haemorrhagic fever, measles encephalitis, typhoid, relapsing
fever, diabetic ketoacidosis.

If a child presents fitting, consider:

e temperature — does the child have fever?
e head injury;

e drug overdose;

e how long have the convulsions lasted?

e what is the child’s blood glucose level?

If meningitis is suspected, a lumbar puncture needs to be performed. If malaria is sus-
pected, a rapid diagnosis test or blood smear should be performed. Hypoglycaemia can
also be associated with severe malaria and a known side effect of quinine.

Exposure

When examining the child for any injuries, rashes or sources of fluid loss avoid heat
loss, with a large surface area to volume ratio, they can become hypothermic fast. The
child’s core temperature should be taken and the use of warming blankets to actively
manage hypothermia should be used.

A systematic assessment will allow you to check for petechial rash, neck stiffness,
abnormal posture, e.g. opisthotonos (arched back), which may be indicative of menin-
gitis. In newborns check the fontanelle for signs of a ‘bulging fontanelle’ and umbilicus
for signs of infection (WHO, 2013).

Family

The child may be accompanied by the mother or other family members as cultural and
situations allows. This not only provides a reassuring figure for the child and can help
with the delivery of care but also helps you to understand how the child might behave.
Families will also need to be reassured and provision for them to stay at the hospital
or bedside arranged.

Resuscitation

It is widely recognised there is a need to develop culturally appropriate paediatric
advanced life support (PALS) guidelines for use in resource limited environments, due to
the different challenges and conditions seen (Wright et al., 2015; Ralston et al., 2013).
The current delivery of PALS is most relevant in hospitals where there is a full range
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of paediatric services (Opiyo & English, 2010) (Figure 38.2). Cardio-respiratory arrest
in children tends to occur following a prolonged period of deterioration and causes
tend to be due to hypoxia or shock. Overall outcome following cardio-respiratory
arrest is poor, even when witnessed and monitored in hospital; respiratory arrest when

" Resuscitation Council (UK) T Paediatrié: Advz::lced Life
uppo

Unresponsive
Not breathing or only
occasional gasps

Call resuscitation team

(1 min CPR first, if alone)

CPR
(5 initial breaths then 15:2)
Attach defibrillator/monitor
Minimise interruptions

Assess rhythm L

Return of spontaneous Non-shockable
circulation (PEA/Asystole)

1 Shock
1 4 Jkg'

Immediate post cardiac
arrest treatment

Use ABCDE approach

Controlled oxygenation and

ventilation

Investigations Immediately resume

Treat precipitating cause CPR for 2 min

Temperature control Minimise interruptions

Immediately resume
CPR for 2 min

Minimise interruptions

During CPR Reversible Causes

* Ensure high-quality CPR: rate, depth, recoil e Hypoxia
e Plan actions before interrupting CPR e Hypovolaemia
e Give oxygen e Hyper/hypokalaemia, metabolic
e Vascular access (intravenous, intraosseous) e Hypothermia
e Give adrenaline every 3-5 min
e Consider advanced airway and capnography e Thrombosis (coronary or pulmonary)
e Continuous chest compressions when advanced e Tension pneumothorax

airway in place e Tamponade (cardiac)
e Correct reversible causes e Toxic/therapeutic disturbances

o Consider amiodarone after 3 and 5 shocks

Figure 38.2 Advanced life support algorithm

Reproduced with kind permission from the Resuscitation Council (UK).
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there is still a cardiac output has better outcome with long-term survival (Resuscitation
Council, (UK) 2011).

In this chapter, the principles of caring for a critically ill child have been outlined.
Children require access to specialist staff trained in paediatrics. The types of conditions
requiring admission will pose unique challenges for both general and paediatric HIC
nurses who may have never seen these conditions. Further complications include a lack
of specialist units to refer patients to, meaning nurses who trained in predominately
adult specialities are required to care for children when they have had limited training
and experience. Being aware of these potential scenarios and considering your own
experiences of nursing children will help you prepare and identify any other areas you
may want to develop prior to your departure.

The WHO (2013) developed the ‘Pocketbook of hospital care for children’. Free to
access via the internet, this resource will provide practical evidence-based tools and
advice for improving the quality of care in low resource settings.
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Women'’s
and maternal
emergencies

The UN Sustainable Development Goals (2015) has set an ambitious aim to empower
gender equality and empower all women and girls, which includes access to healthcare.
Women’s healthcare needs are often neglected in low resource settings, for a variety
of reasons including their status, cultural issues or lack of healthcare planning (Nour,
2008; Bricknell & Cameron, 2013). While maternal health has rightly attracted signi-
ficant resources to prevent death or complication during pregnancy, childbirth and six
weeks post-partum, this is a very narrow period of a woman’s life and only focuses on
the woman if she is pregnant. Mortality and reduction in life expectancy for chronic
and non-communicable diseases are now higher than maternal complications (Knaul
etal.,2012; Bustreo et al., 2012). Conditions or situations which may require a woman
to be admitted to a critical care unit include:

e rise of non-communicable disease;

e unsafe/illegal abortions;

e  cancers;

e DPoor sexual health exposing women to HIV/AIDS and other sexually transmitted
diseases;

e gender-based violence;

e complications from female genital mutilation;

e maternal emergencies.

Non-communicable diseases

Within LICs and LMICs there is a perception that non-communicable diseases
including cardiovascular disease, diabetes, obesity only affect men; however, these
conditions and their associated problems also affect women. Harmful use of alcohol,
drugs and substances and tobacco all contribute to this. Mental health, depression and
self-inflicted injuries and road injuries are a significant cause of death amongst adult
women (20-59 years) globally (WHO, 2013). Women suffer significantly more fire-
related injuries and deaths, due to cooking accidents or as the result of intimate partner
and family violence (WHO, 2013).
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Child marriage

Girls are more likely to suffer sexual abuse than boys. Pregnant adolescents are more
likely to have unsafe abortions. An estimated 3 million unsafe abortions occur globally
every year amongst girls aged 15-19 years (WHO, 2013). This may lead to sepsis or
other complications.

Cancer

Breast and cervical cancers are a significant cause of mortality. Breast cancer is the
leading cause of mortality in women aged 20-59 worldwide (WHO, 2013) and cer-
vical cancer is the second most common cause of cancer in women in low-income
settings (WHO, 2017a). Cervical cancer is also associated with sexually transmitted
genital infection with the human papilloma virus (HPV) (WHO, 2013). With limited
screening services, patients may present late with advanced diseases and over 90% of
deaths occur (WHO, 2013).

Sexual health

Limited access to healthcare services and unequal power in relationships can expose
women (particularly young women) to HIV and AIDS, leading to other infections, e.g. TB.

Gender-based violence

An estimated 35% of women worldwide have experienced either intimate partner vio-
lence or non-partner sexual violence. Globally, as many as 38% of murders of women
are committed by an intimate partner (WHO, 2013). Women who have been physi-
cally or sexually abused can have:

higher incidence of mental health illness including depression, use of alcohol;
unintended pregnancies;
abortions;
increased exposure to HIV and other sexually transmitted infections.
(WHO, 2013)

Female genital mutilation

Female genital mutilation (FGM), also known as female genital cutting (FGC) or
Female circumcision (FC), is defined by the WHO (2017b) as ‘all procedures that
involve partial or total removal of the external female genitalia, or other injury to
the female genital organs for non-medical reasons’. FGM may be practised in certain
countries in which you work. An estimated 200 million girls and women globally have
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Table 39.1 Categories of FGM

Stage 1 Clitoridectomy. The partial or total removal of the clitoris or the removal
of the prepuce.

Stage 2 Excision. The partial or total removal of the clitoris and the labia minora,
with or without excision of the labia majora.

Stage 3 Infibulation. The narrowing of the vaginal opening through the creation
of a covering seal.

Stage4  Other. All other harmful procedures to the female genitalia for non-
medical purposes, e.g. piercing, incising, scraping the genital area.

undergone this procedure and are living with its consequences. Four categories have
been identified to outline the type of FGM performed (WHO, 2017b) (Table 39.1).

Acute and chronic complications of FGM are outlined in Table 39.2. The presenta-
tion, e.g. obstructed labour, septic shock post-FGM, will determine the treatment;
however, principles may include:

e assessment using A—E approach;

wound debridement, saline irrigation, removal of all foreign material;

removal of minimal tissue, drain abscess;

antibiotics for infected wounds, cellulitis, abscess;

catheterisation of bladder;

tetanus toxoid if non-immune;

excision of epidermal tissue, if present, to permit urinary flow and sexual intercourse.
(WHO, 2017b; RCN, 2016)

While the short-term consequences of FGM may require admission to critical care, e.g.
obstructed labour or sepsis due to urological complications, the long-term mental con-
sequences should not be underestimated (Momoh et al., 2016). The role of the nurse is
to provide supportive care but gaining information and how to deal with this subject
may be limited in both the country you are working in and where you are from. It is
recognised specialist training is required to deal with this sensitive and personal issue,
and organisations that work in areas with FGM must provide training prior to depar-
ture to adequately prepare you for your role (Momoh et al., 2016).

Maternal physiology

The WHO estimated 289,000 maternal deaths occurred in 2010, with 99% occurring
in low- and middle-income countries (WHO, 2014). There are a variety of maternal
conditions which may require admission to critical care. Within LICs and LMICs,
maternal mortality remains high (UN, 2015). During pregnancy, the following physi-
ological changes occur to the woman’s body:
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e Cardiac output, circulatory volume, minute ventilation and oxygen consumption
all increase.

e In the supine position, the gravid uterus can compress the iliac and abdominal
vessels, leading to reduced cardiac output and hypotension.

Women may be admitted to critical care due to complications during pregnancy,
including the following:

e Severe bleeding (particularly after childbirth).

e Infections (after childbirth).

Hypertensive disorders during pregnancy (pre-eclampsia and eclampsia).

Complications from delivery.

Unsafe abortion.

Pulmonary or amniotic embolism.

Ectopic pregnancy.

Psychiatric disorders.

Chronic anaemia. In many low resource settings, girls aged between 15 and 19 years

old are anaemic, most commonly caused by iron-deficiency. Anaemia increases the

risk of haemorrhage and sepsis during childbirth.

e Pregnant women infected with syphilis could lead to adverse birth outcomes includ-
ing stillbirth.

(WHO, 2013, 2014, 2016; Nolan et al., 2011)
Non-obstetric disorders requiring admission to critical care include:

maternal cardiac disease;
trauma;

anaesthetic complications;
anaphylaxis;
cerebrovascular accidents;
drug overdose;

diabetes;

malaria or other infection.

Severe bleeding

Severe haemorrhage may occur in either the ante-partum or post-partum periods.
Ante-partum haemorrhage could be caused by placental abruption, placental previa
or placental accrete. Post-partum haemorrhage includes retained placenta, failure of
uterine contraction, trauma and coagulopathy. Treatment includes the following:

e Aggressive co-ordinated teamwork from obstetricians, midwives, anaesthetists,
blood bank and critical care.

e Initial management will depend on the cause and whether the patient has been
delivered.



Women’s and maternal emergencies 337

Monitoring including haematological and hourly physiological observations.
Urinary catheter and fluid balance monitoring.

Check mother’s rhesus status.

Confirm the patient is cross-matched and administer warmed blood products as
required.

Hourly urine measurements and fluid balance charting.

o Keep the patient warm.

Pregnancy induced hypertension

Pregnancy induced hypertension (PIH) is defined as ‘gestational hypertension with
proteinuria developing during pregnancy or labour’ (Leach, 2009). Hypertensive dis-
orders during pregnancy may be a sign of life-threatening pre-eclampsia. Eclampsia is
diagnosed if convulsions occur (Leach, 2009). Pre-eclampsia is defined by:

e hypertension:

o systolic blood pressure >140mmHg or diastolic BP >90mmHg on two occa-
sions, six hours to seven days apart;
o orone BP >160/110mmHg.

e  proteinuria:

o 24-hour urine specimen >0.3g protein;
o or>+2 dipstick;
o or>100mg/l on two random urine samples collected at least four hours apart.

Other signs of pre-eclampsia include:

hypertension;

proteinuria;

headaches;

visual changes;

seizures;

reduced level of consciousness;

epigastric pain;

vomiting;

generalised oedema;

bruising;

oliguria;

disseminating intravascular coagulopathy;

HELLP syndrome (haemolysis, elevated liver enzymes and low platelets);
platelets <100,000, altered liver and renal function tests.

The presence of proteinuria changes the diagnosis from pregnancy-induced hyperten-
sion to pre-eclampsia. Other conditions which may cause proteinuria or a false positive
include severe urinary infection, severe anaemia, heart failure, difficult labour, blood in
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the urine due to traumatic catheterisation, schistosomiasis, contamination from vaginal
blood and vaginal secretions or amniotic fluid containing urine specimens (WHO, 2003).
Management of pre-eclampsia includes:

e specialist obstetric input, to deliver baby, either vaginally or via caesarean section
in an emergency. Delivery is the only cure for pre-eclampsia and eclampsia;

e  organ optimisation, e.g. oxygen, cardiac and blood pressure monitoring, observation
for pulmonary oedema. Invasive monitoring may be required if oliguria persists;

e IV access;

e vital signs monitoring;

e acute blood pressure control to reduce blood pressure but not affect uterine perfusion:

o 1st line: hydralazine;
o  2nd line: nifedipine or labetalol.

e urinary catheter;
e fluid balance monitoring;
e observation for signs of fluid overload and/or pulmonary oedema;
e observation for signs of convulsions.
(Nolan et al., 2011; Rouhani & Waji, 2016; Leach, 2009)
Eclampsia

Immediate management of a pregnant women with eclampsia includes the following:

Rapid assessment of ABC.

Position the woman on the left lateral side.

Administer high flow oxygen.

Check for neck rigidity and temperature.

Call for help.

Consider securing the airway and assisting with ventilations if required.
If the woman is convulsing:

o protect her from injury, but do not restrain;
o position her on her side to reduce the risk of aspiration.

e  Give magnesium sulphate. Magnesium is the drug of choice due to the central nerv-
ous system depression, cerebral vasodilation and mild-anti-hypertensive effects. If
convulsions continue, consider diazepam 10mg.

If diastolic blood pressure >110mmHg, give antihypertensive drugs.

Start IV fluids and strict fluid balance charting.

Observe/prevent fluid overload including pulmonary oedema.

Urinary catheterisation to monitor urine output and proteinuria.

Delivery must occur within 12 hours of the onset of convulsions in eclampsia

(WHO, 2004).
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Magnesium sulphate for pre-eclampsia and eclampsia
Loading dose:

e Magnesium sulphate 20% solution, 4g IV over five minutes.

e Followed by 10g of 50% magnesium sulphate (5g in each buttock as deep IM
injection with 1.0ml of 2% lidocaine in same syringe).

e If convulsions continue after 15 minutes, give 2g magnesium sulphate (50% solution)
IV over 5 minutes.

Maintenance dose:

e 5g magnesium sulphate (50% solution) + 1ml lidocaine 2% IM every four hours
into alternate buttocks.

e Continue treatment with magnesium sulphate for 24 hours after delivery of last
convulsion, whichever occurs last.

e Before repeat administration, check:

o respiratory rate >16/min;
o patellar reflexes are present;
o urine output >30ml/hr over last four hours.

e Withhold or delay administration if any of the above signs are not meet.
e In case of respiratory arrest, assist ventilation and give calcium gluconate 1gm
(10ml or 10% solution) IV slowly.

Diazepam for severe pre-eclampsia and eclampsia:
Loading dose:

e Diazepam 10mg IV slowly over two minutes.
e If convulsions continue, repeat loading dose.

Maintenance dose:
e Diazepam 40mg in 500ml IV fluids (normal saline or Ringer’s lactate) titrated to
keep patient sedated by rousable.

e Do not give more than 100mg in 24 hours.
(WHO, 2004)

Sepsis
Common causes of maternal sepsis include:

e  genital tract infections, including endometritis, retained products of conception, or
infected peritoneal wound;
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e urinary tract infections, for example acute pyelonephritis;

e mastitis. Untreated mastitis can be complicated by breast abscess, necrotising
fasciitis and septic shock;

e respiratory tract infections;

e gastro-intestinal tract infections;

e skin and soft tissue infections due to intravenous cannulas, spinal abscesses due to
obstetric spinal anaesthesia.

(Patil et al., 2016)

Risk factors for maternal sepsis includes obesity, diabetes, anaemia, sickle cell dis-
ease, history of pelvic infection of group B streptococcal infection (Patil ez al., 2015).
Recognition of sepsis in pregnancy may be difficult as clinical signs including tachy-
cardia or tachypnoea may be mistaken for normal physiological changes associated
with pregnancy, instead of a sign of deterioration (Patil ez al., 2016). Monitoring and
observation for trends in observations will help detect abnormal physiology, assessing
the mother holistically and not focusing on one physiological sign will assist in early
detection. Standard treatment of sepsis should be followed as outlined in Chapter 17.

Critical care considerations

A multi-disciplinary team approach to the women’s care, including obstetric and
midwifery input and support, is essential, to avoid conflict between healthcare pro-
fessionals over the needs of the mother and the foetus (Mushambi & Jaladi, 2016).
Critical care interventions focus on the reason for admission; considerations for nurs-
ing a critically ill maternal patient may include:

Airway

e In an emergency, women should be placed in the left lateral position. This will
help with airway management and postural drainage if the patient vomits. Rapid
sequence induction and cricoid pressure should be performed when securing the
airway. Prophylactic H2 antagonists and antacids should be used if available.

e There is an increased risk of pulmonary aspiration of gastric contents, therefore
early tracheal intubation decreases the risk.

e Difficult airway is more likely in pregnancy due to poor positioning, obesity, large
breasts and laryngeal oedema. Difficult airway equipment must be available in the
event of failed intubation. The consequences for mother and baby can be catastrophic.

e Nasal intubation should be avoided.

Breathing

e Supplementary oxygen should be given to keep oxygen saturations >95%.
e Positioning may be difficult if the patient is full term.
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e High risk for hypoxia due to altered lung function, diaphragmatic splitting by the
large uterus and increased oxygen consumption.

Circulation

e In an emergency the woman is placed in the left lateral position or manual dis-
placement of the uterus can reduce compression on the inferior vena cava.

e Increased cardiac output means large volumes can be lost quickly, especially from
the uterus, which receives 10% of blood volume on term.

e Wide bore IV access must be established, and fluid boluses should be given in the
evidence of hypotension or hypovolaemia.

e Bloods (full blood count, urea and electrolytes, coagulation and any other appropriate

tests, e.g. cross-match, blood cultures) should be taken.

Hypercoagulability results in an increased risk of VTE.

Careful fluid balance monitoring particularly in eclampsia.

Urinary catheterisation and one-hourly urine measurements.

Cardiac monitoring particularly when using magnesium.

Emergency caesarean section

If appropriate, an emergency caesarean section, should be performed in maternal resus-
citation, within 5 minutes (if >20-week gestation) if there no response to correctly
performed CPR. Once the foetus has been delivered, resuscitation of the newborn child
can commence.

Other considerations

e  Critical care units that admit maternal patients must have immediate availability of
obstetric drugs including hydralazine, magnesium, oxytocin, ergometrine, carbo-
prost, labetolol, eclampsia pack, and post-partum haemorrhage packs.

e Specialist dietician input.

e Specialist pharmacist involvement during the ante-natal and post-natal period.

(Patil et al., 2016; Nolan et al., 2011;
Patil et al., 2015; Mushambi & Jaladi, 2016)

Cardiac arrest in pregnancy

In cardiac arrest, all the principles of basic and advanced life support (Chapter 12)
apply. In addition to an adult cardiac arrest team, expert help including an obstetri-
cian, anaesthetist, and neonatologist to facilitate resuscitation of both the mother and
foetus are required. The following adaptations to standard resuscitation are as follows:
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e Inadvanced pregnancy hand position may be slightly higher on the sternum when
performing chest compressions.

o After 20 weeks gestation, the woman’s uterus can partially occlude the inferior vena-
cava (IVC) and aorta. IV/IO access should be established above the IVC to ensure
fluids and drugs given reach the circulating volume and are delayed by IVC pressure.

e Manual displacement of the uterus should also be undertaken to reduce IVC
depression.

e Positioning on the left lateral position may only be possible if a firm, flat surface is
available. The use of pillows and wedges are not effective. The optimal angle is 15-20°.

e Emergency caesarean section should be attempted in gestation over 20 weeks.

e Defibrillation should follow standard energy doses. Left lateral positioning and
large breasts can make it difficult to place defibrillator pads/paddles.

e Potential causes of cardiac arrest include:

o haemorrhage:

o rapid transfusion;

o tranexamic acid and correction of coagulopathy;

o  oxytocin, ergometrine, prostaglandins and uterine massage to correct urine
atony;

o uterine compressions sutures, uterine packs and intrauterine balloon devices;

o interventional radiology to identify and control bleeding;

o surgical control including aortic cross clamping/compression and hyste-
rectomy.

drugs;

cardiovascular disease;
pre-eclampsia and eclampsia;
amniotic fluid embolism;
pulmonary embolus.

O O O O O

(Nolan et al., 2011)
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