y R

Caring together

Acute
Kidney

Injury

A Guide
to Clinical
Practice







Acute Kidney Injury (AKIl)

A Guide to Clinical Practice




All rights are reserved by the author and publisher, including the rights of
reprinting, reproduction in any form and translation. No part of this book may
be reproduced, stored in a retrievable system or transmitted, in any form or
by any means, electronic, mechanical, photocopying, recording, or otherwise,
without the prior written permission of the publisher.

First edition: September 2012

European Dialysis and Transplant Nurses Association/ European Renal Care
Association (EDTNA/ERCA)

Pilatusstrasse 35, Postfach 3052, 6002 Luzern, Switzerland
www.edtnaerca.org

ISBN: 978-84-615-9445-0

Layout, Binding and Printing: Imprenta Tomas Hermanos
Rio Manzanares, 42-44 - E28970 Humanes de Madrid

Madrid - Spain

www.tomashermanos.com




Acknowledgements




Acute Kidney Injury (AKI)



Acknowledgements

This book is an initiative of EDTNA/ERCA (European Dialysis
& Transplant Nurses Association/European Renal Care
Association), EfCCNa (European federation of Critical Care
Nursing associations) and HENNA (Hellenic Nephrology
Nurses Association).

Thanks to all of the authors for their considerable and valuable
contributions which made this publication become a reality.

Our deepest compliments to Anastasia Laskari, EDTNA/ERCA’s
Immediate Past President: Rosa Thorsteinsdottir, EfFCCNa’s
President and Panagiota Tsougia, HENNA's President for their
support , trust and commitment.

A special mention to Maria Cruz Casal, EDTNA/ERCA’s
Publications Coordinator for her additional work in coordinating
the printing.

Editors and Reviewers

John W. Albarran,

RN, Dip.Nurs, BSc(Hons), MSc, PG Dip (HE), DPAhil, Chair of R&D and ISC
for EFCCNa, Associate Professor in Critical and Cardiovascular Nursing,
Centre for Health and Clinical Research, University of the West of England,
Bristol, UK

Maria Saraiva,

RN, BSN, MSN, PhD, Coordinator Nursing Research, Coordinator for Master
in Nephrology Nursing, Escola Superior de Enfermagem de Lisboa.

Lisbon, PT

Collaborator

Karen Pugh-Clarke,
MSc, BSc (Hons), RN PhD (c), Department of Nephrology, Keele University,
Staffordshire, UK






Table of
Contents




Acute Kidney Injury (AKI)

Preface ..., e 15
John Sedgwick,

MSc.N. MSc.HSR, BSc (Hons), RN, RMN, Dip.Nurs, Renal Cert,
Cert.ED, PhD(c), EDTNA/ERCA Education Consultant, Director
Multi-Professional Programmes & Principal Lecturer (Nephrology).
Teesside University, UNITED KINGDOM

1. The concept of Acute Kidney Injury ... 21

Filipe Ramos,

RN, BSN, MSc, Hospital de S&o José- Unidade de Urgéncia Médica.
Lisbon, PORTUGAL

Maria Saraiva,

RN, BSN, MSN, PhD, Coordinator Nursing Research, Coordinator
for Master in Nephrology Nursing, Escola Superior de Enfermagem
de Lisboa. Lisbon, PORTUGAL

2. Epidemiology and Pathogenesis of AKI ... . 29
John W. Albarran,
RN, Dip.Nurs, BSc(Hons), MSc, PG Diploma in Education, DPAhil,
Chair of R&D and ISC for EfCCNa, Associate Professor in Critical
and Cardiovascular Nursing. University of the West of England,
Bristol, UNITED KINGDOM

3. Early Diagnosis and Prevention of AKI ... . 39

Jona Palina Grimsdottir,

RN, MSN (stud), Landspitali, Universitary Hospital Reykjavik,
ICELAND

Gudran Jonsdottir,

RN, MSN, Landspitali, Universitary Hospital Reykjavik, ICELAND

4. Continuous Renal Replacement
Therapy ProgramonICU ... 55

Jackie Younker,
RN, MSN, Senior Lecturer, University of the West of England,
Faculty of Health & Life Sciences, Bristol, UNITED KINGDOM




5. Vascular Access for HD and CRRT ... 67

Margaret McCann,

RGN, RNT, Certificate in Nephrology, Dialysis and Transplantation,
BNS (Hons), MSc Nursing, FFNMRCSI, School of Nursing and
Midwifery, Trinity College, Dublin, IRELAND

Glenda Taylor,

RGN, RNT, BNS (Hons), Post Graduate Diploma in Renal Specialist
Nursing, MSc in Nursing (Education), Adelaide and Meath hospital,
incorporating the National Children’s Hospital, Dublin, IRELAND

Nutritional support during
Renal Replacement Therapy ... 81

Ada Azar,
MSc, Clinical Nutrition, Nutrition Department, Assaf Hrofeh Medical

Center. ISRAEL

Meeting the needs of the
critically ill patient and family ... 91

Candida Durao,
RN, BSN, MSc, Senior Lecturer, Coordinator for Master Degree in
Critical Care Nursing, Escola Superior de Enfermagem de Lisboa.
Lisbon, PORTUGAL

Maria Saraiva,

RN, BSN, MSN, PhD, Coordinator Nursing Research, Coordinator
for Master in nephrology Nursing, Escola Superior de Enfermagem
de Lisboa. Lisbon, PORTUGAL

Acute Kidney Injury in children . 103

Chaski Diamanto,

RN, Pediatric Renal Nurse, Renal Unit of General Pediatric Hospital
of Athens “Aglaia Kyriakou”, GREECE

Tsougia Panagiota,

RN, Renal Nurse, President of HENNA, Director of Nursing
Department in General Pediatric Hospital of Athens “Aglaia
Kyriakou”, GREECE

11



12

Acute Kidney Injury (AKI)

9. Key principles of nursing care for
the patient with Acute Kidney Injury ... 119

Karen Pugh-Clarke,
MSc, BSc (Hons), RN PhD (c), Department of Nephrology, Keele
University, Staffordshire, UNITED KINGDOM



Table of Contents

13



Notes



Preface

15



16

Acute Kidney Injury (AKI)

Preface

Acute kidney injury (AKI) represents a significant challenge
in clinical practice. AKI is avoidable but when it develops,
astute management and intervention on the part of the
whole multidisciplinary team ensures that further insult to
kidney function is minimised. Understanding the challenges
in managing AKI requires an awareness of the historical
background to AKI. Chapter 1 in this handbook provides an
overview of the evolution of Acute Renal Failure to the now
internationally agreed definition of AKI. The difficulties which
clinicians encountered in managing AKI were not helped by
the multiple definitions of what actually constituted AKI and
how it could be staged. The development of a consensus
on a definition of AKI as well as the establishment of the AKI
staging framework — RIFLE (Risk, Injury, Failure, Loss of
kidney function, and End-stage renal failure) has improved the
clinical management of patients.

Unfortunately, evidence continues to emerge of patients
developing AKI where this should not have occurred’ .
Failing to recognise the silent features of AKI or inadequate
attention to the fundamentals of monitoring and assessment
of renal function result in serious consequences for patients.
Unrecognised, AKIl has devastating consequences and
significantly impairs and further damages both renal function as
well as affecting other organs. The RIFLE framework provides
an agreement on classifying AKI, ensuring management and
interventions are appropriate to the particular stage of the
AKI. Ensuring strategies are implemented which reduce the
damaging effects upon renal function is critical. Astute and
vigilant clinical staff play a part in identifying those susceptible
to AKI; skilled assessment and the application of evidenced
based care in dealing with AKI are vital.

The epidemiology and pathogenesis of AKI is varied. The
RIFLE classification provides a clear indication as to the
severity of AKI. An agreed staging / classification framework



for AKI facilitates comparisons between incidences of AKI
along with a comparison of outcomes and effectiveness
of interventions (Chapter 2). Evidence has already been
published of the beneficial impact of RIFLE in highlighting how
AKI severity relates to outcomes and mortality.

As highlighted in Chapter 3, early diagnosis of AKl is essential
along with developing evidenced-based strategies focused
upon preventing AKI developing. Various risk factors exist
which predispose to the development of AKI; understanding
such ‘ trigger factors ‘ enables clinicians to pre-empt the
chances of AKI developing. Understanding the role of hydration
status and volume loading in AKI is important.

When AKI develops, renal replacement therapy (RRT) is
frequently needed to manage the altered fluid and biochemical
status of the patient. Continuous Renal Replacement
Therapy (CRRT) requires skilled expertise on the part of
the clinical team to ensure the patient receives supportive
therapy. An awareness of optimum approaches to delivering
CRRT, coupled with skilled fluid management, vascular
access care, anticoagulation management and preventing
hypothermia due to CRRT is a goal of care (Chapter 4). The
need to maintain optimum vascular access in providing renal
replacement support is vital. Choosing the most appropriate
means of vascular access has a significant impact upon
patient outcomes. Patients with AKI are highly susceptible
to secondary infections; therefore preventing vascular
access infection is paramount and necessitates evidenced-
based nursing care in the management of vascular access
(Chapter 5).

Nutritional support for patients with AKI focuses upon
preventing malnutrition, optimising recovery and patient
outcomes. Protein and caloric requirements vary depending
on the patient’s condition and catabolic state. Understanding
the patients nutritional requirements in AKI is highly complex
and a balance between understanding the impact of renal
replacement support on nutritional requirements, fluids,

17
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vitamins and minerals; the expertise of dietician involvement
in the care of AKl is essential (Chapter 6).

In its most severe form, patients with AKI require the specialist
care & support of an intensive care unit. Nursing care within
this highly technological environment further highlights the
importance of the art & science of nursing (Chapter 7). Within
this environment, patients are usually at their most vulnerable.
The importance of family care and support is vital to those who
often experience high levels of uncertainty and anxiety.

Renal healthcare professionals are increasingly encountering
children with AKI and whilst there are similarities in the
principles of managing children to adults there are also
important variations as outlined in Chapter 8. Whilst staging
and definitions of AKI have greatly enhanced our understanding
of AKI controversies remain in the appropriateness of the
RIFLE criteria in children? . This systematic review found
wide variations in the application of RIFLE and conflicting
associations between RIFLE and outcomes such as mortality,
length of stay, illness severity. Concerns have been raised
about the need to monitor more closely the long term follow
up of paediatrics who have survived an episode of AKI and the
potential development of CKD; in one study 10% of children
developed CKD 1-3 years after AKI.

AKl is a serious complication and is associated with high levels
of morbidity and mortality. All members of the healthcare team
must work in partnership to prevent AKI occurring through
developing a heightened level of awareness of those at risk
and where appropriate removing risk factors leading to AKI.
When AKI occurs, patient outcomes and survival depends on
the practices of the whole multidisciplinary team who must
work together in delivering evidenced- based interventions
(Chapter 9) known to enhance patient recovery and ultimately
reduce the long term effects of AKI on kidney function following
patient discharge from hospital.



| would like to congratulate the writers of this handbook in ;g
producing a most succinct and comprehensive overview of

key issues related to the prevention, care and management of
patients who develop AKI.
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Learning outcomes

e To understand the evolution of Acute Kidney Injury
concept

* To be aware of tools which facilitate a better patient
assessment

Introduction

Scientific discovery through high quality research, including
those of medicine and nursing can lead to improvements that
benefit society. For example, the development of a consensus
definition for acute renal injury (see Chapter 2) has led to
greater consistency in diagnosis, management and outcomes
for patients. Consequently standards have improved in terms
of assessment, use of interventions and nursing care for those
with acute renal impairment.

Evolution of Acute Renal Failure (ARF) to Acute Kidney
Injury (AKI)

Understanding of acute renal failure remains a relatively
modern concept, prior to the eighteenth century only a few
references relating to this condition are noted in the literature,
although Galen alluded to the suppression of urine production,
based on the presence or absence of a distended bladder'. In
the 18™ century, Morgagni provided what may be considered
to be first organ based classification of suppressed urine
output naming it as Ischuria renalis'. By the turn of the 20%"
century acute renal failure (ARF) was referred to as Acute
Bright's Disease when for the first time Osler mentioned
trauma, toxic agents, exertion and pregnancy as causes of



acute Bright's disease'. However, it is the contribution of the
knowledge acquired in World War |, through military medicine,
surgery and treatment of traumatic shock, that this entity took
the name of War Nephritis2. This term remained throughout
World War Il until 1941, when Bywaters and Bell defined it
as ‘Crush Syndrome’, in which they were able to describe the
natural history of renal disease, examining the pathology of the
kidney and widespread tubular damage and pigmented casts
inside the tubular lumen?. These findings prompted several
studies which subsequently increased knowledge in key areas
that became central to the development of the term ARF. It is
not until after 1950, that the term ‘Acute Renal Failure’, first
appeared where the biomedical term is proposed and defined?®

Figure 1, Schematic chronology of acute renal failure concepts’.
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ARF has traditionally been characterized by a rapid decline
in renal function in hours or days with inability to regulate
fluid, electrolyte and acid base balance*. However, within the
literature there is noted to be over 35 definitions of ARF, leading
to a lack of consensus on diagnostic criteria® albeit a common
point between the various definitions is the immediacy of the
deterioration in renal function.

Due to operational problems of a common and shared
definition, the term Acute Renal Failure (ARF), was recently
replaced by the concept of Acute Kidney Injury (see chapter
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2) which is now recognized as a clinical entity deserving of a
thorough and rigorous analysis.

Associated with many complications such as hyperkalaemia,
metabolic acidosis, fluid overload and other life threatening
conditions also present in diseases such as congestive
cardiac failure, acute pulmonary oedema, and the result of
severe polytrauma, AKl's evaluation is often ignored due to
other severe symptoms in patient’s condition which can hide
this serious situation® consequently a patient’'s condition may
deteriorate to due inadequate assessment in the early stages.

Proposals to the definition and classification of AKI are the
result of a collaborative effort between representatives of
Nephrologists and Intensivists - ADQI (Acute Dialysis Quality
Initiative) and AKIN (Acute Kidney Injury Network)?. In 2002,
ADQI proposed the term AKI to represent the entire spectrum
of ARF, preferring the term injury rather than failure, because
it more accurately reflected the degree that may occur before
the complete kidney failure?. Thus, AKl is defined by an abrupt
decrease in renal function® associated with the retention of
nitrogenous and non- nitrogenous metabolites’. The main
criteria focus on aetiological findings, serum creatinine and
urea, glomerular filtration rate, urine output volume, and the
need for RRT3578,

Recent studies demonstrate thatif unmanaged, AKI contributes
to the increased length of hospitalization, requiring prolonged
stays in ICU’s, rising costs in health care®, decreased quality
of life 8, with incidence rates ranging from 1-31% and mortality
rates ranging from 19-90%7°. These differences in data
relating to the incidence and prevalence of AKI, demonstrates
the nature of gaps in knowledge as identified by the American
Society of Nephrology Renal Research Report justifying the
need to clarify and unify concepts °.

One of the challenges for clinicians is that the development
of AKI is silent, posing diagnostic difficulties, and which if



unrecognised can resultin profound damage to renal structures
and function, which in turn can precipitate cardiovascular,
respiratory and neurological deleterious changes for patients.

With the recent guidance and recommendations provided by
RIFLE (ADQI® see Chapter 2), healthcare teams are able
to confidently classify the severity of AKI and implement
appropriate interventions to support the patient. Additionally,
studies using the RIFLE criteria confirm that the identification
of AKI incidence rates of 67%'°, unlike previous studies which
demonstrated that in ICUs these were lower and between
6-25%".

Variations in mortality rates between populations with and
without AKI have also been reported with mortality rates of
26.3% for patients referred to ICU, compared to figures of 5.5%
for those who did not develop this condition. These findings
reinforce the importance of adopting and implementing the
RIFLE classification in ICU’s, with the aim of early diagnosis
and the decreasing the burden of costs to the individual and
healthcare providers'.

For health professionals caring for patients with AKI, the
challenges not only include implementing a classification
of prevention and early diagnosis, but also intervening with
strategies and measures that reflect effective responses with
the aim of minimizing the damage and decisively prevent its
occurrence in those who may be at risk. Generally, nurses
because of their proximity to patients are the first to observe and
be aware of a deterioration of renal function. Their knowledge
of renal function and pathophysiology, and skilled expertise
in patient assessment, monitoring and interpreting data as
well as understanding of current evidence based interventions
play a pivotal role in preventing complications and improving
the outcomes and well-being of individuals with AKI"4,
Nurses must be aware of the new classification systems of AKI
and in this sense, the main priority in nursing management,
apart from providing patient centred care, is to know and
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identify its aetiology*", and to establish treatment targets in
order to eliminate the cause' . Management of the AKI thus
implies, nursing interventions on hemodynamic balance and
fluids™, to maintain an adequate renal perfusion®. The nurse
must also have knowledge of the complications inherent
in the AKI assessing and monitoring the patient's bodily
systems, also identifying risk groups to implement preventive
strategies® 3.

Nursing care focused on patients with AKI, must be based
and informed by an awareness of the various causes and life
threatening effects in order to deliver excellent care to support
recovery and quality of life'.

Key points

The term Acute Renal Failure (ARF), has been replaced by the
concept of Acute Kidney Injury (AKI).

The development of AKI is silent, posing diagnosis difficulties
and unless recognized early it may result renal cell damage
and precipitate a range of clinical symptoms.

The main challenges are related with the implementation
and use of accurate and relevant tools to prevent AKI, by
intervening with measures that avoid the worsening of the
health status of the patient.

The role of the nurse is critical in the identification of AKI and
providing evidence based care for those who are diagnosed
with this serious, but potentially reversible condition.
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Learning outcomes

¢ To understand the incidence of Acute Kidney Injury and
associated mortality rates for this condition,

* To have knowledge and awareness of current definition
of Acute Kidney Injury and of the RIFLE criteria used to
determine severity of renal dysfunction,

* To gain confidence in being able to discuss the various
aetiological causes for Acute Kidney Injury

Introduction

Acute Kidney Injury (AKI) is the currently adopted terminology
which replaces the previous and often confusing definitions
of acute renal failure. This revised concept aims to enable
the early recognition and management of this condition, but
more importantly it encourages healthcare professionals to
view AKI as a spectrum of the syndrome that ranges from
milder forms to more severe extreme cases that require Renal
Replacement Therapy (RTT)"2. The indices of AKI include
abrupt decline, usually within 48 hours, in renal function that
is associated with an inability to maintain fluid, electrolyte and
acid-base balance. It is also vital to acknowledge that for in-
hospitalised patients minor changes in renal function such as
a rise in serum creatinine may be highly important as these
may influence medium to long-term outcomes.

Incidence

Figures on the incidence of AKI, whether community or hospital
acquired, remain unknown. It is suggested that AKI affects
approximately 7% of in-hospital patients®. However, some of



the difficulties in establishing the actual incidence are explained
by the lack of consensus and criteria in defining acute renal
failure. It is estimated, based on more current definitions, that
AKI occurs in between 25 -65% of intensive care unit patients
and around 5% -8% of these individuals will require some form
of RRT?#8. Hoste and Shurgers* note that for patients treated
with RRT there is a mortality rate of between 50-60% and for
those surviving their acute illness 5-20% will require long-term
dialysis. Mortality rates in patients will however vary according
to evidence of sepsis and multi-organ failure3“. Advanced age,
and the presence of co-morbidities such as diabetes, vascular
disease and hypertension may also compound mortality
outcomes. Not surprisingly, critically ill patients with AKI tend
to have increased length of ICU stay consequently placing an
economic burden on healthcare systems due to expensive
interventions and resources used®**. However, with newer
RRT modalities trends of in-hospital and six month mortality
may improve outcomes’.

Classification of AKI

Due to a lack of uniformity and consistency over the definition
of acute renal failure, a network of experts representing renal
and intensive care societies formed The Acute Dialysis Quality
Initiative (ADQI) and developed the RIFLE classification
(acronym for Risk of renal dysfunction, Injury to the kidney,
Failure of kidney function, Loss of kidney function, and End
stage kidney disease) with a staging system to characterise
various dimensions of AKI® (see below). Subsequently, an
international guidelines group of leading experts from various
specialties convened to form Kidney Disease: Improving
Global Outcomes (KDIGO) which produced a more refined
definition and staging system for AKI that built on earlier work®.

RIFLE was designed to enable a diagnosis to be established
according to specific clinical criteria and for which the severity
is confirmed based upon a staging system. Furthermore, the
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staging of a patient gives an indication of increasing severity
of AKI with two outcomes possible, loss and end-stage renal
failure (see Figure 1). Finally, by using RIFLE comparisons of
incidence, outcomes and effectiveness of interventions can be
made'3. Indeed, a recent systematic review of the literature
which included 13 studies reported that RIFLE was a good
at predicting outcome and the relationship between increased
mortality with worsening RIFLE classification™. Other work
concludes that RIFLE is valuable in predicting recovery, need
for RRT, length of stay and mortalities as well as reveal that
there is a higher incidence of AKI within the general population
than previously conceived™.

The RIFLE classification relies on rising serum creatinine
values and or a fall in urine output with the three stages
providing an index of increasing severity? (see Figure 1). It
also worth noting that an increase in ‘stage’ is associated
with poorer survival outcomes'®. Current modifications also
recommend that the time span for diagnosis is reduced to 48
hours and a decreased threshold for the elevation of serum
creatinine from baseline to peak value is applied>.
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Aectiology of AKI

The aetiology of AKI can be classified into three main areas?® '2
with each delineating specific causative factors leading to
kidney failure and function.

e Pre-renal failure
 Intrinsic renal failure
e Post-renal failure

Pre-renal failure

Pre-renal failure is typically induced in response to a sudden
reduction in circulating volume (due to severe vomiting,
haemorrhage, burns, dehydration, shock, anaphylaxis, severe
vomiting and diarrhoea) and therefore can have a detrimental
effect on renal perfusion and as a consequence decrease
glomerular filtration rate (GFR). To maintain circulating
volume, the kidneys will reabsorb sodium but as consequence
the patient may become oliguric with a modest increase in
urea and other waste products. However, in pre-renal failure,
if the circulatory deficit is corrected promptly the condition can
be immediately reversed and the nephrons remain structurally
intact. If pre-renal failure is not managed appropriately, there is
a possibility that this may deteriorate into intrinsic renal failure.

Intrinsic renal failure

Intrinsic renal failure is a main reason for admission to a
critical care setting and here structural damage occurs which
can be sub-divided into tubule-interstitial, glomerular and or
micro-vascular. Structural alternations will develop within
the nephrons despite correcting the precipitating causative
factors. Most forms of AKI have a tubular aetiology and the
result in acute tubular necrosis (ATN) which can be either of an
ischaemic or toxic form. The causes of ATN associated with an
ischaemic event include prolonged hypo-perfusion and sepsis
which compromise renal blood flow and GFR. When ATN is



the result of ischaemic insult this leads to changes at cellular
level, which turn precipitates damage to cell wall membranes
causing disruption to electrolytes, cell swelling and death. It is
these and other structural changes within the tubules lead to
renal dysfunction and explain why there is a delay in recovery
of the kidneys despite intervention with RRT >

There are other factors which may lead to ATN for example
nephrotoxins such as cephalosporins, aminoglycoside antibi-
otics, non-specific anti-inflammatory drugs and radiographic
contrast media. However inflammatory insults can also pre-
cipitate ATN due to waste products of septicaemia and en-
dogenous toxins®'2. With reference to tubulo-interstitial con-
ditions, allergic interstitial nephritis and cast nephropathy are
key causes. Glomerulonephritis can lead to AKI due to rapidly
progressive glomerulonephritis which in turn can give rise to
Nepbhritic syndrome although this is an unusual condition®2,
Other examples of glomerular causes are Goodpastures syn-
drome, Lupus and Wegener granulomatosis. Finally, micro-
vascular changes triggering intrinsic AKI can include malig-
nant hypertension, haemolytic uraemic syndrome, scleroder-
ma renal crisis and renal artery obstruction due to an emboli,
dissection or a thrombus.

Post renal

Finally, post renal failure is typically caused by mechanical
obstructions to the passage of urine. Removing the obstruction
through non-invasive or surgical manoeuvres can ameliorate
the condition and improve renal functioning®2.
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Key points

Previous interpretations of incidence and outcomes
associated with ARF have been unhelpful due to a lack of
a standardised definition.

The term Acute Renal Injury is more encompassing as it
describes a spectrum of the syndrome that ranges from
milder forms to more severe extreme cases that require
Renal Replacement Therapy.

The incidence of AKI ranges between a third and two thirds
of intensive care patients, a variation which is accounted
by the presence of co-morbidities, advancing age, sepsis
and multi-organ dysfunction.

Managing the care of critically ill AKI patients is expensive
and around 5-20% of those who survive will require some
form of RRT.

The introduction of RIFLE criteria, which relies on
measuring changes in serum creatinine, glomerular
filtration rate and urine output, provides a uniform and
standardised approach for assessing, diagnosing and
managing patients with AKI.

A number of clinical studies report that the RIFLE tool is
a valid and reliable tool for predicting recovery, need for
RRT, length of stay and mortalities.

The aetiology of AKI is categorised into three discreet
areas which in part explain the pathophysiology these
include pre-renal failure, intrinsic AKI and post renal AKI.
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Acute Kidney Injury (AKI)

Learning outcomes

¢ To understand the need and importance of early
diagnosis of Acute Kidney Injury

* To recognise the risk factors for Acute Kidney Injury

* To have a comprehensive understanding of current
evidence based data on how to prevent Acute Kidney

Injury

Introduction

When acute kidney injury has occurred, timely individualized
and evidence based supportive care may result in full recovery
and function. Curative treatment of acute kidney injury is
currently unavailable. The aim of modern treatment is directed
at prompt and effective medical intervention in order to prevent
complete and irreversible acute renal injury. Kidney function
as well as deterioration is diagnosed on the basis of serum
creatinin e and urea levels. These parameters are, however,
considered insensitive and non-selective in detecting changes
of acute renal injury and function?.

Acute kidney injury is often a combination of many factors
that are harmful and toxic to renal structures. Frequently,
this is a situation triggering reduced renal blood flow and in
addition, patients may receive drugs or contrast media which
further increase the strain on the kidneys'. In order to prevent
kidney failure, it is important to be aware of risk factors that
may predispose patients to kidney injury or failure and take
measures to reduce such a risk (see Chapter 2); moreover,
it is imperative to eliminate the causes of reduced blood flow
through the kidneys, if possible, and avoid administering



substances and drugs which are likely to have nephrotoxic
effects’.

Assessment of kidney function

Acute renal injury or failure is generally defined as an abrupt or
rapid decline in renal function that results in a rise in blood urea
nitrogen and serum creatinine levels, with or without a decrease
in urine output occurring over hours or days®. Serum creatinine
concentration is the most widely used marker of glomerular
filtration rate in clinical practice. It has been demonstrated
that serum creatinine and its change during acute disease are
associated with early and late mortality rates, hospital length
of stay and hospital costs*. Changes in serum creatinine as
small as = 0.3 mg/dL (26.4 umol/l) have been demonstrated to
adversely affect outcome®. Analyzing renal impairment on the
basis of urine production or by analyzing salt excretion in the
urine can be difficult, as patients are often on medications that
affect these parameters, such as diuretics®. The Acute Kidney
Injury Network (AKIN) has proposed modified RIFLE criteria
for diagnostic and staging system for acute kidney injury. Since
changes in serum creatinine and /or urine output are relatively
poor biomarkers for acute kidney injury, attempts have been
made in this modified version to increase the sensitivity of the
criteria by using smaller changes in serum creatinine to define
the presence of acute kidney injury. The diagnostic criteria
should not be used until the patient’s volume status has been
optimized and obstruction has been excluded.

RIFLE and AKIN definition and classification scheme for
acute kidney injury

In the present guidance, only one criterion (serum creatinine,
GFR or urine output) has to be fulfilled to qualify for a specific
category. Baseline serum creatinine is considered to be within
one week for RIFLE and within 48 hours for AKIN®. Creatinine
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is an aminoacid derivative that is easily filtrated through the
glomerulus and its secretion in the tubule is usually rather
scarce. Creatinine that is measured in the serum is a metabolite
of creatine which is released from muscle cells. Therefore,
individual muscle mass can affect the amount of creatinine in
the serum. Among the elderly, who have a somewhat reduced
muscle mass, serum creatinine levels might be within normal
limits, even though renal function is considerably impaired.
Meat consumption and various drugs as well as muscle
degradation also affect serum creatinine levels. Rigorous
rehydration might reduce serum creatinine levels. Serum
creatinine levels are not sensitive to changes in renal function.
Increase in serum creatinine will not be significant until renal
function is reduced by 30 to 60%"37.

Urea is a metabolite of protein metabolism and is excreted by
the kidneys. Elevated urea levels in the serum can indicate
kidney failure. Various external factors influence the amount
of urea in serum apart from kidney function, such as liver
metabolism and the amount of protein ingested. Catabolic
state, gastrointestinal bleeding, and steroid therapy may
increase serum urea levels. In case of dehydration, the kidneys
increase the absorption of urea from the tubules, thereby
increasing serum levels. Urea levels decrease in the event
of liver failure, malnutrition and volume overload. Therefore,
an increase in urea levels alone is not sufficiently indicative
of renal failure. Elevated urea and creatinine levels in serum
need to compound in order to establish possible kidney failure?.
Several studies have been conducted with the purpose of
pinpointing substances in the urine or the serum that might be
more sensitive and specific than those currently used. These
substances, however, need to meet certain requirements. They
must be sensitive enough to detect early damage and also
need to reflect deterioration or improvement in renal function.
These substances have to be specific in such a way that one
is able to ascertain the location of the damage within the
kidney. Moreover, they must be simple and quick to perform,



accurate, reliable and inexpensive. However, these efforts
have not yet yielded adequate results®™. Studies into Serum
cystatin C turned out to be a promising marker for evaluation
of renal function and a more sensitive indicator of impaired
kidney function than creatinine; serum cystatin C is detected
earlier than serum creatinine. Cystatin C is a small protein
produced by all nucleated cells in the body; it readily filters
through the glomerulus and is broken down in the renal tubule.
Its accumulation suggests impaired glomerular filtration. The
production of cystatin C is not dependent on age, gender,
muscular mass or hydration level. It has, however, not been
evaluated for acutely ill patients and its measurements have
not become general practice’.

Risk factors for AKI

Certain populations are more vulnerable than others, for
example patients with impaired renal function due to kidney
diseases are at greatest risk for AKI. Age-related deterioration
of renal function normally begins from the age of forty, and can
be reduced by up to 50% by the age of eighty. Thus, the elderly
(aged over 65) are also at greater risk®'". The presence of
heart failure and chronic hypertension can also be considered
risk factors. In the case of heart failure, inadequate myocardial
function may compromise renal perfusion and for those with
chronic hypertension the blood vessels in the kidneys may
constrict in order to control their blood flow. To complicate
matters, these patients are often on antihypertensive drugs
that might further reduce blood flow through the kidneys.

Diabetes is known to be a major risk factor for kidney
failure. Major surgeries, including surgeries that involve a
temporary clamping of the aorta, as well as use of a heart-
lung machine, are also regarded as major risk factors'>13,
Intra-abdominal hypertension and abdominal compartment
syndrome are associated with acute kidney injury at relatively
low levels of intra-abdominal pressure (IAP). IAP is defined
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as sustained or repeated pathological elevation of IAP
212 mmHg. Sustained elevation of IAP of >20 mmHg is
associated with organ dysfunction. For most patients the
critical IAP at which microcirculatory disturbance is observed is
10— 15 mmHg. Abdominal perfusion pressure (APP) is defined
as the difference between the mean arterial pressure (MAP)
and the IAP and implies that as the IAP rises the perfusion of
organs or vessels in or near the abdomen falls, even in the
absence of a drop in MAP. In patients with IAP efforts should
be made to maintain APP = 60 mmHg'.

Evidence suggests a link between positive pressure
ventilation and acute kidney failure. Several mechanisms
have been proposed to explain the association. Positive-
pressure mechanical ventilation can markedly affect cardiac
performance by acting on preload and cardiac output and
thereby on renal perfusion. Hypercapnia is inversely correlated
with renal blood flow (RBF) by direct and indirect mechanisms.
The effects of moderate hypoxemia on renal hemodynamics
are less understood but severe hypoxemia (PaO2 <40 mmHg)
causes renal vasoconstriction and vascular resistance leading
to renal hypoperfusion. In addition to altering RBF mechanical
ventilation can alter renal function through the release of
pro inflammatory cytokines. Lung protective procedures
can, on the other hand, reduce hemodynamic changes and
inflammatory mediators 516,

Sepsis is a common cause of acute renal failure in the ICU.
About 19% of those suffering from moderate sepsis and
about 51% of those diagnosed with septic shock are likely to
suffer acute kidney failure. The causes of acute kidney failure
in sepsis are often not only due to decreased arterial blood
pressure and induction of vasoactive hormones, but may
also be attributed to the release of inflammatory mediators,
oxidizing substances, accumulation of white blood cells and
bacterial toxins, all of which can contribute to cell damage™. It
is estimated that 4-33% of patients with rhabdomyolysis suffer



acute kidney injury or failure®. In patients with rhabdomyolysis
large amounts of myoglobin and other intracellular proteins and
electrolytes are released into the bloodstream. Myoglobin
causes toxicity in tubular cells and can as well block the
tubules themselves. It is also thought to interfere with blood
flow in the kidneys by having vasoconstrictive effects. Rapid
dehydration that is often accompanied by rhabdomyolysis
further increases the risk of renal failure’®.

Contrast media has traditionally been known to cause acute
renal failure in susceptible patients'. Although the toxicity
of contrast media is not fully known it appears to be mainly
associated with ischemia in the renal medulla®?. Decreased
renal blood flow coinciding with high pressure to eliminate a
large amount of contrast media causes ischemia and multiple
tubular damage®. Medical conditions such as hepatorenal
syndrome and cardiogenic shock are also risk factors for acute
kidney injury?'. Various drugs and hyperosmolar therapeutic
agents can have nephrotoxic effects by several mechanisms,
especially if patients have underlying risk factors?.

Prevention
Hydration and volume loading

Usually, initial damage to the kidney is caused by ischemia
and hypoxia or by toxic effects of chemicals on tubular cells’.
It may be difficult to assess the effects of fluid administration
alone in preventing renal failure as fluid replacement is
usually part of a comprehensive treatment of patients; it
has been recognized, however, that intravascular volume
depletion is an important risk factor for the development of
acute kidney injury as well as other organ dysfunction?. In
those with rhabdomyolysis and among predisposed patients
undergoing cardiac catheterization with intravenous radio-
contrast media, early and aggressive fluid resuscitation and
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pre-hydration have clearly proved beneficial to prevent acute
kidney injury?42s,

Recently, early and aggressive fluid resuscitation and use of
inotropic medication (early goal-directed therapy) has proven
to be successful in septic patients to prevent multiple organ
failure, including acute kidney failure®. In order to avert end-
organ hypoperfusion and the consequent failure of end—organ
function, important preventive therapy consisting of ensuring
adequate hydrationinthe vascularvolume expansion, adequate
cardiac output and adequate blood flow, are recognized to
be essential’>. Where volume replacement is indicated this
should be in a controlled fashion directed by hemodynamic
monitoring as imprudent use of fluids carries its own inherent
risk. Several observational studies have demonstrated a
correlation between fluid overload and mortality in critically ill
adults and children with acute kidney injury?.

Special attention should be paid to careful assessment of
fluid balance in all patients. Bedside examination, including
assessment of venous pressure, capillary refill time, blood
pressure, pulse and postural blood pressure changes should
be performed. Hourly urine-output and fluid-input and all
fluid losses, including estimated insensible losses, drain/
stoma output and nasogastric losses should be recorded. If
possible, patients should be weighed daily. Where invasive
hemodynamic measurements are in place changes in central
venous pressure or pulse pressure can give clues to volume
changes. In addition technological devices and functional
monitoring can add further information about patients’
volume status and needs?. The role of colloid compared
with crystalloids remains unclear. In the SAFE-study, a multi-
centered study of 6997 critically ill patients, the investigators
found no difference between albumin 4% and saline for fluid
resuscitation in terms of risk of acute renal failure. Although the
statistical significance was not attained, patients with severe
sepsis who were given albumin did better than others?. All



colloids, such as albumin, gelatins and hydroxyl starch may if
administered in isolation cause “osmotic nephrosis” (osmotic
tubular damage). Because isotonic saline, Ringer lactate or
Ringer acetate is less expensive than albumin, the consensus
has emerged that isotonic crystalloid solutions should be the
preferred fluid in critically ill patients. In some cases albumin
is, however, considered to be beneficial along with isotonic
fluids?.

Hydroxyethyl starch (HES) is a less expensive colloid
alternative for albumin; however HES has negative effects
on coagulation and can cause “osmotic nephrosis” that may
lead to renal impairment. A randomized trial compared HES to
gelatins and found greater incidence of acute kidney injury with
HES?°. Another study compared HES (a low molecular-weight
HES) with modified Ringers lactate for fluid resuscitation in
patients with severe sepsis and found that the HES group
exhibited a significantly higher rate of acute kidney injury.
Thus, in septic and critically ill patients the use of HES is
contraindicated®. Newer lower molecular weight hydroxyethyl
starches with lower osmolality are considered less harmful but
should be used cautiously in patients with pre-existing renal
impairment (daily dose should not exceed 33 ml/kg/day)?.
Volume therapy alone is not always sufficient to alleviate
hypotension and maintain renal perfusion; these patients may
therefore benefit from inotropic or/and vasopressor therapy®'.

Drugs

Animal and human studies have shown that reversing
hypotension with norepinephrine increases diuresis and
creatinine clearance; whether this is due to an increase in renal
blood flow and thus implies renal protection is unknown 22,
Several studies and meta-analyses have concluded that
even though dopamine also increases diuresis and possible
creatinine clearance it does not protect against AKI"23.
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Dobutamine and Dopexamine are used to increase cardiac
output and can thereby increase MAP but controlled clinical
trials have not shown protective effects on renal function:.
Vasopressin increases blood pressure and can enhance
diuresis but has not yet proven to prevent acute kidney injury®.
Studies indicate that any MAP = 60 mmHg may be considered
adequate for patients with septic shock; additional benefits to
renal function have not been observed when target MAP was
raised from 65 mmHg to 85 mmHg. However, those studies
have not involved ICU patients and those with preexisting
risk factors and comorbidities. For those patients target MAP
may have to be individually tailored according to premorbid
blood pressure or to ensure adequate abdominal perfusion
pressure’**. Randomized trials and meta-analyses have
shown that the use of loop diuretics in established renal failure
does not improve renal function or mortality. They are useful in
handling volume overload but have not been shown to protect
or improve renal function nor do they decrease mortality®*.

Radiocontrast medium can cause nephrotoxicity in susceptible
patients. In animal experiments dehydration in conjunction
with the infusion of radiocontrast medium has been shown to
increase the incidence of acute kidney injury®. Studies have
shown that using nonionic, low osmolal or iso-osmolal contrast
medium in the lowest volume necessary in conjunction with
adequate volume expansion prior to procedure reduces
the risk of nephrotoxicity in high risk patients. The use of
N-Acetylcysteine on a prophylactic basis remains unclear;
however, with regard to its safety, low cost and possible
advantages it has been considered beneficial in combination
with adequate intravenous hydration in susceptible patients .
In this context early and rigorous hydration has been considered
vital in preventing or lessening the severity of acute renal injury.
A minimum urine output goal of 2 ml/kg/h is recommended. In
addition to hydration, sodium bicarbonate has been used to
alkaline urine which serves to decrease cast formation and
lessen the direct toxic effects of myoglobin. Mannitol has been



used to increase urine output and thereby washing myoglobin
out of the tubule. The effectiveness of combined crystalloid,
Mannitol and bicarbonate therapy versus that of standard
crystalloid resuscitation alone in prevention of acute kidney
injury is debated™®.

The complex nature of critical iliness often necessitates the use
of multiple therapeutic agents, many of which may individually
or in combination have the potential to cause renal injury.

Aminoglycosides have a well-established nephrotoxicity.
They are primarily excreted by glomerular filtration and are
thought to accumulate in tubular cells where they interfere
with normal cellular function eventually leading to cell death.
Risk factors for aminoglycoside’s nephrotoxicity are the type
of aminoglycosides used, high peak serum levels, cumulative
dose, the duration and frequency of administration and patient
related risk factors as well as the use of concomitant nephrotoxic
drugs. Once-daily dosing and appropriate monitoring of drug
levels are the best way to avoid kidney injury 222337,

Vancomycin in high doses or in combination with other
nephrotoxic drugs or known risk factors can cause kidney
injury®. Angiotensin-Converting Enzyme inhibitors and
angiotensin receptor blockers can in circumstances of already
decreased renal blood flow cause an exacerbation of acute
renal injury by modulating intra-renal blood flow; this may in
turn cause a decline in glomerular filtration rate and a raise
of serum creatinine, but the condition usually stabilizes within
a few days, if not, drug administration must be halted®.
Nonsteroidal anti-inflammatory drugs (NSAIDs) are in most
circumstances not harmful. However, in cases of reduced
renal perfusion which is common in critically ill patients the
inhibitation of prostaglandin-induced vasodilation with the
use of NSAIDs may further compromise renal blood flow and
exacerbate ischemic injury'?'3%, Patients with pre-existing
risk factors and concomitant use of other potential nephrotoxic
drugs or procedures are vulnerable.
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Glucose control with intravenous insulin therapy in critically
ill patients has been shown to improve outcome, including
a decreased incidence of acute renal failure. This favorable
result might be explained by modulation of inflammatory
response *.

Key points

Acute Kidney Injury is often a combination of many factors that
are harmful to the kidneys.

Early diagnosis of AKI that leads to supportive renal care may
result in full recovery.

In order to prevent AKI a thorough assessment of blood
pressure, fluid balance, urine output and management of
known risk factors are important.

It has been demonstrated that serum creatinine and its
change during acute disease are associated with early and
late mortality rates, hospital length of stay and hospital costs.

Patients with pre-existing risk factors and concomitant use of
other potential nephrotoxic drugs or procedures are vulnerable.

Recent evidence suggests that mechanical ventilation may
contribute to the pathogenesis of acute kidney injury and
several mechanisms have been proposed to explain the
association.

The nature of critical illness often necessitates the use of
multiple therapeutic agents, many of which may individually or

in combination have the potential to cause renal injury.
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Introduction

Acute renal failure, also known as Acute Kidney Injury
(AKI) is a common complication in critically ill adult patients
in intensive care units. It is defined as an abrupt (within 48
hours) reduction in kidney function resulting in a failure to
maintain fluid, electrolyte and acid-base homoeostasis. The
AKI network has defined the reduction in kidney function as
the presence of any one of the following":

* An absolute increase in serum creatinine
of 2 0.3 mg.dI-'(= 26.4 mcmol.I")

» A percentage increase in serum creatinine
of 2 50% (1.5-fold from baseline)

» Areduction in urine output
(< 0.5 ml.kg'per hour for more than six hours)

Despite advances in treatment, an estimated one third
of patients in the critical care setting develop an AKI2
Approximately 5% of patients with AKI will need renal
replacement therapy?. Earlier studies suggest that the hospital
mortality for patients with an AKI requiring RRT is up to 60%*.
Factors that may influence the rates include the increasing



age of patients and the existence of comorbid conditions (e.g.,
diabetes, preexisting renal disease, vascular disease).

Management of AKI includes medication management and
RRT. Renal replacement therapy may be done by intermittent
hemodialysis (IHD), continuous renal replacement therapy
(CRRT), or hybrid therapy (Slow Low Efficiency Dialysis —
SLED), which aims to combine IHD and CRRT. This chapter
will cover CRRT in the adult intensive care unit.

Overview of CRRT

CRRT is an extracorporeal process that uses a peristaltic
blood pump to remove blood from the arterial lumen of a
catheter. Blood is then pushed through a semipermeable
membrane before being returned to the patient through
the venous Ilumen of the catheter. Blood purification
takes place by three key processes: diffusion, convection
and ultrafiltration®. Vascular access is typically obtained
through the internal jugular vein or subclavian vein.

Indications for CRRT

CRRT mimics the function of the kidney by a continuous
process of regulating water, electrolytes and wastes. The slow
removal of fluid and solutes is an ideal therapy for critically
ill patients who are hemodynamically unstable. The Acute
Dialysis Quality Initiative (ADQI) has provided the following
indications for RRT:®

* Oliguria (<200 ml/12 h)
Anuria (0-50 ml/12h)
* Urea >35 millimoles per litre

» Creatinine >400 micromoles per litre

» Potassium > 6.5 millimoles per litre or rapidly rising
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» Pulmonary oedema resistant to diuretics
» Uncompensated metabolic acidosis

» Sodium <110 or >160 millimoles per litre
» Temperature >40°C

» Uraemic encephalopathy, myopathy, neuropathies,
pericarditis

» Overdose with dialyzable toxin (e.g. Lithium)

There has been recent evidence to support the use of
CRRT to treat severe sepsis/septic shock due to the ability
of hemofiltration to remove inflammatory mediators. A higher
treatment dose of 35 mi/kg'/hr' or greater has been shown to
decrease vasopressor requirements in patients with sepsis’.

Principles of CRRT

The aim of CRRT is water and solute removal.

* Membranes: High-efficiency membranes are used in
CRRT to achieve optimum water and waste removal. The
capability of the membrane is determined by surface area,
membrane thickness, pore size and density and potential
to absorb proteins.

» Water removal: Ultrafiltration is the process where plasma
water and crystalloids are separated from whole blood
across a semi-permeable membrane (filter). This is
achieved by applying a transmembrane pressure gradient
(pump)°.

» Solute removal: Convection is the movement of solutes
under pressure through a membrane along with the
movement of water. Diffusion is the creation of an
electrochemical gradient across the membrane. This
causes the movement of atoms or molecules from an area
of higher concentration to an area of lower concentration®.

* Replacement fluids: The fluid (ultrafiltrate) that is produced
by the CRRT machine from these processes (ultrafiltration,



convection and diffusion) is discarded and needs to be
replaced by balanced electrolyte solutions also known as
replacement fluid®. Replacement fluids include a lactate
or bicarbonate buffer. Fluid with a lactate buffer is used
on most patients, but may worsen metabolic acidosis. The
decision regarding the use of replacement fluids will depend
on the body’s ability to convert lactate into bicarbonate. In
some critically ill patients (e.g. severe liver disease), this
is not the case and a bicarbonate-based fluid is used®.
Replacement fluids are infused into the arterial side of the
circuit before the hemofilter, a method called “predilution/
prefilter.” They may also be infused into the venous side of
the circuit after the hemofilter, a method called “postdilution/
postfilter.” Both methods of fluid replacement achieve the
goal of replacing ultrafiltrate volume and electrolytes while
removing wastes by convection?.

Modes of Therapy

» Continuous Venovenous Hemofiltration (CVVH) — is a
venovenous technique whereby blood is driven through
a highly permeable filter. The ultrafiltrate produced during
membrane transit is replaced in part or completely to
achieve blood purification and control fluid volume.
Convection and ultrafiltration are used to remove waste
products®.

» Continuous Venovenous Hemodialysis (CVVHD) — Waste
products are removed by diffusion and ultrafiltration
during CVVHD. Dialysate fluid is infused countercurrent to
blood flow into an outside compartment of the hemofilter,
rather than being directly infused into the blood. Small
molecular weight wastes and electrolytes move from the
high concentration in the blood to the dialyzing fluid and
get removed in the ultrafiltrate. Dialysate solutions provide
a range of electrolyte compositions and the choice of
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bicarbonate or lactate-based solutions to suit individual
patient needs®.

» Continuous Venovenous Hemodiafiltration (CVVHDF)
— Diffusion, convection and ultrafiltration are all used to
remove wastes and water in this method. Dialysate and
replacment fluids are both used. The goal of this therapy
is to remove middle molecular weight molecules through
convection and smaller molecular weight molecules
through diffusion.

Dose of Therapy

The flow rate refers to the ultrafiltrate produced by the
filtration process as well as any effluent dialysis flow. The
flow rate is a marker of solute clearance and is referred to
as the dose of RRT. Ultrafiltration is prescribed according to
patient’s body weight. Current practice ranges from 20 — 45
mi/kg/hr. Recent trials suggest there is no significant benefit to
increasing the flow rate to 35 ml/kg/hr or greater®. Clinicians
need to consider that there may be a difference in prescribed
dose and delivered dose due to therapy downtime (e.g.
time in 24h period when system not running due to clotting,
access problems or prescription errors). The current guidance
suggests prescribing a dose with a safety margin that targets
30-35 ml/kg/hr to make sure the ‘adequate’ dose is delivered™.
The ideal treatment for patients with septic shock and AKI is
currently being reviewed by multi-centre trials.

Anticoagulation

The patient’s blood is outside the body and comes in contact
with artificial filters and tubing during CRRT. This can result
in activation of the clotting cascade. Anticoagulation may
used during CRRT to reduce clotting in the hemofilter and
to maximize the life of the CRRT circuit. Interruptions of the
daily therapy due to clotting can significantly decrease the
effectiveness of the therapy®. The clinician may choose to



provide CRRT without anticoagulation therapy in patients who
have recently had surgery, have sepsis orimmunosuppression
or have hepatic failure or thrombocytopenia.

Routine monitoring is required for patients receiving
anticoagulants. The most common test used is the activated
partial thromboplastin time (aPTT) with a target range of 1.5-
2.5 times normal™. Heparin is a widely used anticoagulant.
Other options include low molecular weight heparin, direct
thrombin inhibitors (Argatroban and Lepirudin), Prostaglandins
(Epoprostenol), and Sodium citrate plus calcium.

Care Issues

* Fluid Management — Patients receiving CRRT are usually
oliguric, anuric and potentially volume overloaded. The
hourly ultrafiltrate volume removed will depend on the
hourly fluid balance calculation and assessment of the
patient's volume status®. Fluid management includes
hourly calculation of the patient’s intake (e.g. IV infusions,
medications, feeds, oral intake) and non-CRRT system
output (eg urine, blood loss, fluid loss from drains). CRRT
fluid removal is calculated based on the patient’s hourly
fluid balance. The goal of CRRT is usually to reduce fluid
overload so clinicians should consider ways of reducing
fluid intake and concentrate medications and infusions to
minimize fluid intake?.

» Access and infection — The insertion site requires regular
observation (at least daily). An intact, clean dressing
should be maintained. Aseptic technique must be used
with all procedures. Internal jugular catheters may be
left in place for up to three weeks without a high risk of
bacteraemia. Femoral catheters in bed-bound patients
should be removed after one week'.

» Hypothermia — Patient cooling is a complication of CRRT
due to blood being outside the body (approximately 110-
200 mL) during treatment as well as high volume fluid
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replacement. Hypothermia can cause dysfunction of
clotting factors and platelets, activation of fibrinolysis and
cardiac arrhythmias. It may also mask signs of infection.
The patient’s temperature is monitored throughout therapy
and warming interventions are done when necessary.
Some manufacturers offer a blood warmer in the circuit.
Other interventions may include increasing room
temperature and warming blankets™.

» Patient transport — Patients may need to leave the intensive
care unit for a number of reasons (diagnostic procedures,
tests, and transfer to other units). The connection with the
CRRT system is discontinued before the patient leaves
the unit and the patient’s blood is returned to the patient
by flushing the blood back with an isotonic saline solutiong.
Most machines have a recirculation mode that is used
while the patient is away and therapy can be resumed
promptly when the patient returns.




Key Points

Acute kidney injury is a potentially life-threatening problem
in critically ill adult patients.

CRRT provides a continuous process for removing fluid
and solutes and is an ideal therapy for critically ill patients
who have AKI and are hemodynamically unstable.

The choice of therapy depends on the patient’s underlying
disease process, degree of AKI, what needs to be removed
from the plasma and cardiovascular stability.

Current guidance suggests prescribing a dose with a
safety margin that targets 30-35 ml/kg/hr to make sure the
‘adequate’ dose is delivered.

Anticoagulation may used during CRRT to reduce clotting
in the hemofilter and to maximize the life of the CRRT
circuit.

Fluid management is an important care issue that requires
close monitoring and documentation.

Vascular access sites should be monitored and kept clean
and dry with an intact dressing.

Hypothermia is a common effect of CRRT. Measures
should be taken to keep the patient normothermic.
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Acute Kidney Injury (AKI)

Introduction

One of the management options for patients who develop
Acute Kidney Injury is Renal Replacement Therapy, be it
continuous renal replacement therapy (CRRT) or intermittent
haemodialysis (IHD)'. Access to the vascular system is
required prior to the initiation of RRT, and this is achieved
through the insertion of a Central Venous Catheters (CVCs)
into the femoral vein or one of the upper body’s central veins.

Central Venous Catheters

Non-tunnelled CVCs are known as short term, temporary,
non cuffed or acute catheters. Short term femoral catheters
should be replaced at least every 7 days while upper body
catheters can be replaced every two to three weeks or as per
local policy ' In circumstances where patients require RRT for
a period greater than two to three weeks, consideration should
be given to using a tunnelled CVC". Tunnelled catheters are



often referred to as long term, chronic, permanent or cuffed
catheters?. Associated problems with CVCs are increased
mortality risk and high morbidity due to infection, thrombosis
and stenosis? 2.

Types and design

There are various designs of CVCs such as:
 Single or dual lumen catheters;
» Single catheter with dual lumen and multiple side holes;

» Catheter that is stepped whereby the artery and venous
tips are staggered;

» Split catheter where the artery and venous tips are not
next to each other;

» Catheter with two single lumen catheters inserted into the
same vein*.

A dual lumen CVC is the catheter of choice for patients with
AKI. As CVCs are manufactured in various lengths, when
selecting a catheter it is important to consider the length of the
host vein. For example, a catheter length of 20cm is generally
required for a right internal jugular vein, whilst a catheter length
of 24cm is required for the left internal jugular vein'.

When a femoral vein is used, evidence from research findings®
suggests that catheters of at least 24cm in length produce
more favourable flows when compared to catheters shorter
than 20cm. Non-tunnelled CVCs consist of polyurethane or
semi rigid polyurethane while tunnelled CVCs are made from
silicone®.

Insertion sites

The CVC insertion site is essentially patient dependent.
However, in patients with AKI who are critically ill, confined to
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bed, and who may have cardiac failure, respiratory failure, or
bleeding tendencies, the femoral vein is commonly used.

The preferred insertion sites, where possible, are:
* Right internal jugular vein
* Left internal jugular vein
* Right or left external jugular vein
» Femoral vein

Due to the high risk of venous stenosis, the subclavian vein is
not recommended in patients who may require, at a later date,
the formation of permanent vascular access" ? 7.

CVC insertion

Anon-tunnelled CVC is inserted into the vein over a guide wire
via a needle placed in either the femoral vein or one of the
upper body’s central veins. The CVC is secured by suturing it
to the skin just outside the exit site. For patients with AKI, in
emergency cases, non-tunnelled catheters can be inserted at
the bedside. In contrast, a tunnelled CVC is percutaneously
tunnelled from the vein insertion site to a distant exit site and
held in position by a cuff that is affixed to the catheter. The
presence of the cuff acts as an anchor and a barrier to bacteria
at the exit site, preventing bacteria migrating down the tunnel.
It is also affixed to the skin by sutures, which are removed
7-14 days post insertion®. CVCs inserted into the femoral vein
can be used immediately while those inserted into upper body
central veins can only be used post chest x-ray.

For both non-tunnelled and tunnelled CVC insertion a clean
environment is required. Although a radiological intervention
laboratory is preferable, given the critical nature of patients
with AKI, this may not always be feasible. CVC insertion
should be performed by trained senior personnel using strict
asepsis. If the patient’s condition permits, the Trendelenberg
position should be used for the insertion of catheters in upper



body central veins, with real time ultra sound guidance used
to assist cannulation of the vein. Fluoroscopy guidance, which
is used for the insertion of tunnelled CVCs into upper body
large central veins, confirms that the catheter tip is in the right
atrium. A post insertion chest x-ray is required for upper body
CVCs®. Pre and post procedure nursing responsibilities are
outlined in tables 1 and 2.

Pre CVC Insertion Nursing Responsibilities

» Admit the patient according to local policy

» Assess the patient’s understanding of the procedure

» Provide education on CVC nursing care

» Ensure informed consent for the procedure is obtained

» Ensure appropriate blood samples are obtained and

reviewed prior to the procedure. These encompass: 71

oFull blood count, serum biochemistry, virology, and
coagulation screen

* Assess and review all patient medication e.g.
anticoagulants

* Document all known allergies
* Obtain and document vital signs
» Shower or bed bath the patient prior to the procedure

* Educate the patient on the Trendelenberg position and
Valsalva manoeuvre, where relevant

* Prepare a clean, safe, and comfortable environment

Table 1: Pre CVC Insertion Nursing Responsibilities
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Post CVC Insertion Nursing Responsibilities

* Internal jugular vein: radiological confirmation of correct
CVC placement by chest x-ray must be documented
prior to use

» Femoral vein: may be used immediately after insertion

» Monitor the patient as per local policy

» Assess the CVC site for inflammation, bruising, bleeding
or pain

* Instruct the patient to report any abnormalities e.g.,
difficulty breathing

* Monitor the patient post procedure for signs and
symptoms of possible complications and take
appropriate action to deal with any events that may
occur

* Document all nursing care as per local policy

* Do not change the dressing unless the site is inflamed,
sore, or if there is exudate. If bleeding occurs, apply a
pressure dressing, and change the dressing 24 hours
after bleeding ceases

» Observe site daily for signs and symptoms of infection

* Ensure that the site is kept covered with a sterile
dressing

* Educate the patient regarding the signs and symptoms
of infection, and to alert nurse to any irregularities
promptly

Table 2: Post CVC Insertion Nursing Responsibilities’

It is recommended that non-tunnelled femoral catheters, due
to the potential for infection and femoral vein thrombosis, are
removed and replaced on a weekly basis, and, where possible,
replaced by upper body access’. Non-tunnelled upper body



CVCs should be replaced every 2-3 weeks or as indicated by
local policy.

The CVC can be locked between dialysis treatment using
either heparin® or an antimicrobial lock solution such as
trisodium citrate'®. CVC manufacturing guidelines will indicate
the lumen volumes to be used when locking the CVC at the
end of each dialysis treatment.

CVC Care and Management

Patients dialysed using a CVC have a 41% higher risk of
infection related death when compared to patients using an
arterio-venous fistula®. Given the high risk of infection, CVC
manipulations should be conducted by trained nursing staff.
Table 3 outlines nursing activities that reduce the risk of CVC-
related infections.

Prevention of CVC- Related Infection

e Reserve the CVC for CRRT or IHD only

e Implement strict hand hygiene measures in accordance
with local and national infection control policies

e Undertake frequent assessment of the CVC and exit
site. To include:

o Status of sutures
o Observation of skin for signs of infection at exit site

o If a tunnelled CVC was inserted assess for signs of
tunnel infection

o Assess skin around the exit site for signs of skin
reaction to the antiseptic cleansing solution or
dressing used to cover the CVC exit site

o Assess catheter clamps and lumens for signs of tape
residue, breakage and malfunction
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e Endorse meticulous CVC and exit site care. To
encompass:

o Strict aseptic technique, incorporating the use of
sterile gloves, for CVC connecting, disconnecting and
dressing procedures. The use of masks will be guided
by local policy

o Antiseptic cleansing of the catheter caps, hubs, exit site
and surrounding skin. While international guidelines
recommend the use of chlorhexidine gluconate, they
differ in what strength of chlorhexidine gluconate
should be used. NKF-K/DOQI® and epic 2 guidelines
(19 recommend 2% in 70% isopropyl alcohol while the
Centre for Disease Control'® recommends a strength
greater than 0.5%. Given the difference in opinion,
practitioners should be guided by local policy

o Use of topical antimicrobial ointments, where
indicated, as per local policy guidelines
o Protection of CVC exit site by application of a dry

gauze dressing or a transparent semi-permeable
polyurethane dressing

¢ Utilise CVC care bundles

Table 3: Prevention of CVC- Related Infection 227516

Potential Complications of CVC Insertion

Evidence based practice must be utilised to minimise
complications and close monitoring of the patient is required
to ensure prompt treatment and minimise adverse patient
outcomes™ The potential complications of CVC insertion
can be divided into immediate and delayed complications'2.
Immediate complications are numerous and include:

¢ Air embolism



* Nurses must closely observe for the development of an
air embolism. If an air embolism is suspected place the
patient in the Trendelenberg position as this reduces the
risk of air embolism as venous pressure is higher than
atmospheric pressure. Place the patient on left side and
administer oxygen's.

¢ Pneumothorax/Haemothorax

 After the insertion of the CVC into one of the upper body’s
large central veins a chest x-ray is preformed to detect for
the development of a pneumothorax (a collection of air in
the pleural cavity) or haemothorax (a collection of blood
in the pleural cavity). If either complication is detected the
patient may require the insertion of a chest drain?12,

* Haemorrhage

* The CVC exit site must be observed for post insertion
haemorrhage or the development of a haematoma (a
collection of blood in the tissues from a leaking blood
vessel). If an arterial puncture is observed, pressure must
be placed on the CVC for 15 minutes in conjunction with
medical review'?4,

 Pericardial tamponade

» This is impairment of heart function due to effusion or
haemorrhage.

» Cardiac arrhythmia

« This may occur if the catheter or wire is inserted too far
into the right ventricle.

The delayed complications of CVC insertion include infection.
Observe the CVC exit site for redness, ooze, tenderness or
pain, swelling around the catheter or in the neck or arm. Close
observation of the patient’s vital signs is required in order to
observe for signs of infection e.g., pyrexia and tachycardia.
Thrombosis (obstruction of blood flow by a blood clot) or
stenosis (abnormal narrowing) of the host vein may present
with oedema of the neck or arm, requiring thrombolytic therapy
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or angioplasty with stent insertion, respectively'27. Nursing
responsibilities in relation to removal of non-tunnelled CVCs
are outlined in Table 4.

Removal of Non-Tunnelled CVC
Nursing Responsibilities

e Catheter should be removed if:
o Infection is suspected
o Catheter malfunctioning
o No longer in use

e Prior to removal of CVC:

o Assess the patient’s understanding and provide
education on the procedure

e Ensure appropriate blood samples are obtained and
reviewed prior to the procedure. These encompass:

o Full blood count, serum biochemistry, virology, and
coagulation screen

o Assess and review all patient medication e.g.
anticoagulants

o Obtain and document vital signs

o Educate the patient on the Trendelenberg position
and Valsalva manoeuvre (for catheters that are
placed in one of the upper body’s central veins)

o Education the patient on the post CVC removal
nursing care

e The nurse removing the CVC must be competent and
remove the non-tunnelled CVC as per local policy

e Removal of CVC:
o Prepare a safe, clean, and comfortable environment

o Place the patient in the Trendelenberg position (if
tolerated)




o Clean the site before removal of the CVC to prevent
a false positive result if the catheter tip is to be sent
for culture

o Ensure the lumens are clamped prior to removal

o Ensure that the sutures holding the CVC in place are
removed

o Apply gauze over the site. If the patient’s catheter
is in an upper body central vein instruct the patient
to perform the Valsalva manoeuvre and remove the
CVC. This is to minimise the risk of air embolism

o If clinically indicated send the distal 5 cm of the CVC
for culture and sensitivity

o The patient must remain lying flat and direct pressure
is applied to the site until bleeding stops

o Apply a sterile dressing to the removal site

e Monitor the patients’ vital signs and observe site for
bleeding as per local policy.

e Instruct patient to report any abnormalities e.g.
shortness of breath, chest tightness or bleeding

e Document non- tunnelled CVC removal and any follow
up treatment required

Table 4: Removal of Non-Tunnelled CVC - Nursing Responsibilities™

Conclusion

RRT is a key component of patient management in AKI.
Patients with AKI require a functioning vascular access prior to
RRT initiation. Non-tunnelled CVCs provide immediate access
to the venous system. Evidence based nursing management
of CVCs is imperative to ensure that the complications of CVC
insertion are minimised and patient outcomes are maximised.
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Key points

* Non-tunnelled CVCs (short term, temporary, non cuffed or
acute catheters) are inserted to ensure vascular access is
achieved to facilitate RRT.

* CVCs require evidence based nursing care to ensure
patients do notdevelop immediate or delayed complications
from CVC insertion or removal.

 Specifically trained competent renal nurses are essential
in reducing the risk of patients developing CVC-associated
infections.
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Learning outcomes

¢ To understand the effects of catabolic and nutritional
states in treatment of patients with Acute Kidney Injury

* To be aware of the dietary recommendations for patients
with AKI according to the patient’s catabolic state

Introduction

Nutritional support is, especially in Intensive Care Units
(ICU’s), an important part of care of the critically ill patient.
Together, with other therapies it helps prevent malnutrition
during this serious condition and optimises recovery and
survival outcomes.

Acute Kidney Injury (AKI) is a clinical syndrome characterized
by a sudden deterioration of kidney function represented by
electrolyte, acid-base and fluid imbalances. The causes for AKI
are many and related to either ischaemic or toxic events such
as prolonged hypo perfusion, medication misuse, accidents
— crushing injuries in extensive parts of the body, cardiogenic
shock, septic shock, glomerulonephritis, and contrast media.

Clinical and Laboratory Overview

The clinical and laboratory overview of the disease is
characterized by:

» Sudden reduction in the amount and quality of the urine
— the patient may secrete a large volume of urine, but the
glomerular filtration rate (GFR) will be reduced as is the
ability to excrete toxins of metabolism.

 Increase in the concentration of serum urea and creatinine.



* When the patient exhibits oliguria or serious compromise
of renal function the amount of potassium in blood
increases®.

» Lack of appetite, nausea, vomiting, cramp and in extreme
cases loss of consciousness.

* Failure to regulate acid-base balance will alter the pH of
blood, to compensate for this, patients may hyperventilate.

* Due to the inability to excrete electrolytes such as
potassium, there may be signs of cardiac irritability as
evident through ectopic beats on the cardiac monitor.

Dietary Treatment

Dietary treatment is affected by the following'2%9,

¢ The cause of the disease is important as it affects the
patient’s catabolic rate.

« The patient's catabolic rate determines the
recommendations for protein and calories increase or
decrease.

* Dialysis (renal replacement therapy) changes the
recommendations for protein and calories.

There are a number of ways to estimate a patient’s catabolic
rate. In patients without kidney damage, the most appropriate
way is to measure the amount of nitrogen secreted in the urine.
In patients suffering from kidney disease this measurement
is problematic as some of the patients do not produce urine.
Despite this, a number of studies relate to this measurement
as long as the patient is urinating’.

Patients are divided into three groups according to the level of
nitrogen secreted as urea:

* Less than 5 g/ day . — non catabolic state

» 5-10 g/day. — moderate catabolic state

« Above 10 g/ day. — severe catabolic state
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It should be noted that this measurement is problematic
since routine urine collection tests for nitrogen level are not
carried out in the various hospital departments. Therefore
the patients’ catabolic rate can be routinely determined,
during their hospitalization, according to daily changes in a
number of parameters in Table 1, Indicators of Catabolic State
illustrates the parameters that determine whether a patient is
in a catabolic or non catabolic condition.

Table 1: Indicators of Catabolic State

dali:;;ri?*lr:f:z;; in | Catabolic Patient Non;gzianliolic
the blood

Urea Above 60 mg % 20-40 mg %

Creatinine Above 1.5 mg % Below 1.5 mg %

Potassium Above 0.5 mEg/L | Below 0.5 mEq/L

Sodium Above 0.5 mg % Below 0.5 mg %

Patients are divided into three groups according to their

catabolic state, death rate and nutritional prescription?.




; Death i
Group Catabolic State Rate Nutrition
Patients in a non catabolic
state; generally toxic
1 medications are the cause | 20% B{;ngl;th
of the disease in these e
patients.
Patients in a moderate g:ti?%
catabolic state; generally arenteral
the cause for disease is P |
C : Up to P.O.
] complication after elective o o .
. . 60% | nutrition will
surgery and infection. suffice onl
These patients may be . y
; ¢ in isolated
treated by dialysis.
cases.
Patients in a severe
catabolic state; in most
cases the cause of the Usually
m disease is sepsis, multiple | Up to enteral /
organ dysfunction or 80% | parenteral
acute respiratory distress Nutrition
syndrome.(ARSD) patients
may be treated by dialysis.

Dietary Recommendations
Recommendations for Calories 2356

An adequate intake of calories is important in order to prevent
nutritional deficiencies and meet the body’s high energy
requirements which in some cases are a result of the severe
catabolic state of most of the patients. The total number of
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calories recommended for each patient should be based
according to their corrected nutritional and catabolic state.

A corrected weight should be calculated, according to the
following formula. For patients whose weight is equal to, or
more than, 15% of the ideal weight

Ideal weight + 0.25 x (existing weight —ideal weight) = corrected weight

A corrected weight should be calculated, according to the
following formula, for patients whose weight is less than 95%
of the ideal weight for height:

Existing weight + 0.25 x |( ideal weight - existing weight) = corrected weight

The nutritional recommendation for calories is 25-35 calories
per kilogram of ideal/corrected body weight. It is very important
not to give more than 130% of the nutritional recommendations
even in cases of severe catabolic states®.

The nutritional recommendation for calories is determined
according to the patient’s catabolic state, as follows.

* Non catabolic state and normal state of nutrition - 25
calories/kilogram of body weight/corrected weight per day.

* Moderate catabolic state — 25-30 calories/kilogram of body
weight/corrected weight per day.

» Severe catabolic state — 25-35 calories/kilogram of body
weight/corrected weight per day.

In all cases it is recommended to start feeding at the lower
caloric range and gradually increase to the higher range®

Recommendations for Protein 245

The nutritional recommendations for protein are also given
based on the patient’s catabolic state.



Group | patients — normal or non catabolic state

It is recommended that patients are prescribed between 0.6-
0.8 grams of protein per kilogram of given/corrected body
weight. At the beginning of feeding 0.6 grams of protein per
kilogram of body weight is given, and the quantity is gradually
increased in the menu until 0.8 grams/kilogram of body weight.
In parallel, the level of urea in the blood is monitored. The level
should be less than 100 mg/dl (at all stages of protein intake)

Group Il patients — moderate catabolic state

It is recommended that patients are prescribed between 0.8-
1.0 grams of protein per kilogram of given/corrected body
weight. In these patients it is necessary to pay attention to
the level of urea in the blood. If the patients are being treated
by one of the types of dialysis, between 1.2 and 1.5 grams/
kilogram of body weight can be given per day.

Group lll patients — sever catabolic state

It is recommended that patients are prescribed between 1.0
and 1.5 grams of protein per kilogram of given/corrected
body weight. Patients treated with Dialysis (renal replacement
therapy) should receive at least 1/5 g/kg/day/®.

It is important to note that it was customary to give parenteral
nutrition to Group Il and lll patients, but the current accepted
approach recognizes the importance of nutrition through the
digestive system, since this preserves gastric functioning
and integrity. In studies on animals it has been observed
that enteral nutrition increases the rate of plasma flow and
improves kidney function? 5. For patients with AKI, there are
a number of enteral nutrition options which can be prescribed
based on the needs of the individual. Guidelines indicate that
the enteral preparations should provide the recommended
calorie and protein intake in a minimum amount of fluid °.
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Fluids

In Acute Kidney Injury patients may either cease producing
urine or the volume can be substantially reduced. For patients
with a reduced urine output it is recommended that they should
have a fluid intake based on the amount of urine secreted the
previous day.

Vitamins and Minerals® €.

The levels of water soluble minerals are generally low in the
patients who , treated by dialysis apart from vitamin C that
represents an important precursor of oxalic acid, which settles
in the soft tissue and may cause oxalosis.

It is recommended to add B complex daily, according to the
following breakdown:

* Folic acid -1mg

* B6 Pyridoxine -5-10 mg

« B2 Riboflavin - 1.2-6 mg

*« B12 - 6 mcg

It is not recommended to:
» Give more than 200 mg vitamin C per day, including food
* Add vitamins K, E and A

It is necessary to check the levels of selenium and zinc in the
blood and, if necessary, to supplement these®. Appropriate
and effective nutritional support improves the patient’s
conditions reduces duration of ICU stay, decreases mortality,
incidence of co morbidity and complications. These issues
also have a positive influence in reducing the health costs
and will contribute to a better quality of life and a better body
endurance for the patients after the hospital discharge.



Key Points

In determining the nutritional plan for patients in Acute Kidney
Injury, the following considerations are important:

The cause of the disease.
The patient’s catabolic measure and nutritional state.
Whether or not the patient is undergoing dialysis.

Recommendation for protein between 0.6-1.5 g /kg of body
weight and 25-35 calories per kilogram of body weight.

Method of nutrition —preferably this should be by the oral
route, where this is not possible either enteral or parenteral
routes should be considered taking patient safety issues
into account.
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Learning outcomes

* To integrate the concepts of technological competence
and critical nursing care.

* To recognise and respond to the needs of the critical
patient and family, as vital for the excellence in nursing
care.

Introduction

When assessing a critically ill patient with AKI it is essential to
be aware of the advances made in medicine and technology
which have taken place over centuries'?. The second half
of the 20" century was the cornerstone of this evolution,
when the therapeutic processes, that remain central to the
management of critical patients, became available. These ‘four
pillars’ of critical care include artificial airways and mechanical
ventilation, cardiopulmonary resuscitation and coronary care,
the artificial kidney and total parenteral nutrition”.

It is only in Critical Care Units (CCU) or Intensive Care Unit
(ICU) where a concentration of technology for diagnostics and
therapeutics handled by members of the multidisciplinary teams
is available. In addition, within these environments experts are
able to respond effectively and quickly to deviations in clinical
patients parameters and implement appropriate evidence
based interventions’?3. These units are especially created to
manage multiorgan failure situations, where the risk of death
is high. Nurses perform clinical decision making and problem



solving as they care for patients with complex, multisystemic
problems, who may experience rapid deterioration®#.

A critically ill patient by virtue of being defined as such and
cared for in an intensive care setting, is at high risk for actual
or potential life-threatening health problems*. Consequently
patients are in need of specialist and skilled nursing and
medical interventions including the application of technologies
and pharmacological measures to support them physically
and emotionally. Arguably, the more unstable patients are, the
more complex their needs for care will be and this demands that
the delivery of nursing is skilled, intelligent, compassionate,
dignified and patient centred" *. Importantly, caring for an AKI
patient and their family is a constant challenge because both
are confronted with an unexpected and devastating situation
for which survival outcomes have traditionally being poor.
Conversely, some of these patients may develop chronic
conditions that will have a profound impact on their quality of
life and for their families. Providing individualized emotional
reassurance is a core skill of nurses who are caring for this
group of patients and their families which needs to be provided
during all stages of hospitalisation®.

Technological competence and nursing

When we think about the implications of technological
advances in caring and nursing, it is particularly important, to
consider the understanding that while technologies change,
competence express as caring in nursing does not 57,

Technology in nursing is a means to an end, nothing more
and, regardless all the constraints generated by the technical
environment (e. g., environmental noise, offensive light, lack
of privacy, isolation)®' it allows clinical staff to make many
diagnostic and therapeutic procedures less invasive and more
comfortable for patients'™. Today clinicians have access to
numerous patient parameters necessary for the monitoring
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and control of their clinical status. To continuously care for
critical patients without needing multiple manipulations,
uncomfortable and sometimes painful, allows to comply with
the periods of rest and sleep for each patient, usually so
scarce in the ICUs"013,

The technology and technological competence must be seen
as essential to the production of more effective and efficient
care, and that their use by nurses is congruent with the socio-
political and economic health systems models and, used
according to their relevance and purpose, may itself be a
factor of humanization®-3,

Nursing care takes place in nursing situations, the shared lived
experience in which the caring between nurse and the one
nursed, enhances personhood” ™. Technological competence
can be seen as an expression of caring in nursing.

Nursing care in ICU requires high-tech expertise but despite
technological advances, particularly in modern medical and
nursing practices, continue to challenge definitions of person,
always keeping in mind that the focus of nursing care, is the
person and its family'® .

Critical care nursing

In ICU's nurses provide care to individuals with a range of
clinical conditions. This can be a challenge and involves more
than patient’s appraisal. It is mandatory to include members
of the patient’s family in all the process in order to provide it's
continuous involvement and to find better coping mechanisms
to deal with the situation'®7,

Nursing practice occurs by building a relation of partnership and
co-existence and although, non-familiar, nurses, patients and
family can quickly connect when confronted, simultaneously,
by the crisis triggered by a devastating disease as AKI in
the complex, demanding and strange environment of ICU".



Due to this crisis people are more vulnerable and, nurses in
particular, need to be aware that cultural sensitivity is needed
to to comfort families and ensure their well being. Because
individual responses and values, may vary depending on
culture, the patient and his family must be supported with
sensitivity and through acknowledging their individuality?.
True communication it is more than words; it really comes from
the heart. It is a flow of energy between the nurse and the
patient or family? .

Nurses can achieve this involvement when their practices rely
on knowledge, experience, practical skills, ethics, intuition,
caring, human spirit and wisdom; elements that Ashworth 192
considers constituting the “Nursing lens”, that reassures and
gives security.

Boykin and Schoenhofer in their Theory of Nursing as Caring
projected a model that serves as a guide for caring in situations
where technology of high complexity and technological
support is needed™. The aim of nursing is to nurture persons
living caring and growing in caring. To truly nurse is to value
this person in this moment, to form the committed intention
to care and to communicate that caring effectively is the real
meaning of being nursed™. Nursing care in high-technology
settings [critical care nursing] is grounding in two fundamental
principles: intentionality and knowing which means that all
humans are caring persons, that to be human is to be called to
live one’s innate caring nature. Developing and have a deep
understanding of the full potential of expressing caring is an
ideal and for practical purposes, is a lifelong process?'.

Critical patient and family needs

Historically, hospitals had restrictive visiting policies limiting
family visits but, over time, many hospital floors, and even
ICUs have liberalized visiting policies??. Liberalizing family
visitations is an emerging concept in providing a holistic
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approach to healing. Family members can provide the spiritual
and emotional support to patients in an unfamiliar situation,
and they can help give meaning and understanding of the
experience of iliness for the patient®2",

The hospital is open to families, but the ICU’s are the places
where these came last. Recognized as placeholders, the
ICU represent something forbidden, sacred, where it plays
symbolically the good and the evil, success and failure, life and
death. Having someone admitted in “intensive care” is reason
to silences, despair and unspoken words that accompany
periods of great uncertainty. The fear of asking questions,
touching on something that harms the patient, to get close to
him, is associated with the anguish of loss and the silent need
for responses. Since the 1970s when Hampe first and, after
her Molter and Molter and Leske, in 1983 with their Critical
Care Family Needs Inventory (CCFNI)? first gave attention
to the situation and problems of families in ICU, the “needs
of visitors,” family and significant others have been the aim of
several studies?*?4, placing them in the core of the concerns of
nurses, along with the patient.

“Molter’s early examination of family members’ needs led to
the development of the Critical Care Family Needs Inventory
which has been used in its original and adapted forms in much
of the research conducted to date. Family needs are often
categorized into 5 domains: (1) assurance, (2) proximity, (3)
comfort, (4) support and, (5) information?.

Most research?® 28 in this area have used it and it is considered
reliable and consistent of multiple family members. So, we can
assume that these are the main domains that critical nurses
must consider in their daily practice to provide excellent care

Despite advances in medical technology and the increased
inclusion of families in ICU care, relatives continue to express
the same needs: honest information, to visit at any time and to
feel that the healthcare team care about the patient?.



Nursing has modified its practice, from a patient-centered
model to an approach that recognizes the needs of the family
as inseparable from those of the patient'. An exploratory
study of nurses’ experiences of caring for family of ICU
patients refers that caring for families and addressing both
their emotional and physical needs, places heavy demands
on nurses. There is great role of ambiguity and role conflict
associated with caring for families with relatives in intensive
care units''.

Examining the visiting preferences of patients in ICU Gonzalez
et al # concluded that patients value the fact that visitors could
interpret information for the patients while providing information
to assist the nurse in understanding them.?” Patients in the
intensive care unit were very satisfied with a visiting guideline
that is flexible enough to meet their needs and those of their
family members?’.

Based in their theory of Nursing As Caring, Boykin and
Schoenhofer®,conceived a model for relating: a dance,
represented by an open circle: in this circle each person
brings his or her way of doing in order to understand what
really matters to those seeking care and, responding to that
understanding. In the dance of caring persons, the dancers
are all the individuals who were part of the multidisciplinary
care team (family included), but now they are encouraged
in a way of interact with each other that conveys respect for
and honoring of person-as-person. In this dance, all dancers
are valued, respected, and supported in their unique role
(e.g., nursing, medicine, radiology, family) without issues of
power and authority restricting their unique contribution to
the dance?. It is assumed in this model that each dancer is a
caring person and that each discipline and role is valued.

Adhering to this way of thinking and doing helps to capture
the hearts and hands of nurses who really are the front line
interface with patients and their significant others?.
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Key points

The more critically ill the patient is, the more likely he or she
is to be highly vulnerable, unstable and complex, thereby
requiring intense and vigilant nursing.

Regardless all the constraints generated by the technical
environment, it also allows to make many diagnostic and
therapeutic procedures less invasive and more comfortable
for patients.

Nursing has modified its practice, from a patient-centered
model to an approach that recognizes the needs of the family
as inseparable from those of the patient.
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Learning outcomes

e To understand the epidemiology of children who
develop acute kidney injury.

* To demonstrate a thorough grasp of the main clinical
manifestations and complications of the disease for
children presenting with acute kidney injury.

* To appreciate key therapeutic treatment modalities and
the potential for complications.

Introduction

The term acute kidney injury (AKIl) is the inability of the kidney
to maintain water balance, acid-base balance and electrolytes.
Currently, AKI is characterized by decreased urine output
(<1ml/kg/h) in parallel with increased urea and creatinine
levels in blood and other useless metabolic products’. In some
patients the AKI may be unaccompanied with oliguria but can
coexist with polyuria.

Epidemiology of AKI in children

It is difficult to estimate the true incidence and prevalence of
the paediatric patients with AKI due to lack of clearly defined
diagnostic criteria 2. It is suggested that 8 in 1.000.000 of
children in the population per year ® are diagnosed with AKI
compared to 1 in 5 compared adults'. Mortality rates among
children with AKI vary widely and depend on the nature of the
underlying disease, with the highest mortality rates in children
who develop multi organ failure 587 . The mortality in neonates
and infants undergoing cardiac surgery for congenital heart
disease and who subsequently develop AKl is 51%", while this



is greatly reduced to 3-6% among children with haemolytic
uremic syndrome’. Use of specific biomarkers in early stages
might reveal a much greater incidence of AKI®.

Causes for AKIl in children

The causes of acute kidney injury in children, are distinguished
into pre-renal, renal, post- renal ®and based on the volume of
urine output, into oliguric and non- oliguric phase °. This is not
unlike adults (see Chapter 2). The most common causes for AKI
in children are mainly related with: renal parenchyma damage,
inadequate renal perfusion, arterial or venous obstruction of
the renal vessels and obstruction of the drainage portion of the
urinary system /track’.

Pre-renal causes

Are caused due to a reduced renal blood perfusion either due
to decreased fluid intake (circulating volume), cardiac output
or as a result of vascular injury:

* hypovolaemia from any cause (dehydration, vomiting,
haemorrhage)

» osmotic diuresis

fluid loss in the third space
 decreased cardiac output
* septic shock

* burns®'

Renal causes

In children these may associated with glomerular or tubular
injury (ischemic or nephrotoxic) or vascular':
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Glomerulonephritis

Systemic disease with renal damage
Hemolytic-uremic syndrome
Vasculitides

Henoch-Schonlein purpura
Thrombosis of renal artery or vein
Metabolic cause

Infections

9. Cancer

10. Rhabdomyolysis (myoglobinuria)

11. Severe hemolysis (hemoglobinuria)
12. Severe anaphylactic reaction

13. Contrast substance

14. Toxins and heavy metals

15. Non steroid and inti-inflammatory drugs
16. Antibiotics (Antimicrobials)

17. Other medication

N RAON=

Post-renal causes
Due to obstruction in the drainage parts of the urinary
system'.
1. Bilateral ureteral obstruction or urethral obstruction.
2. Posterior valve urethra
3. Congenital obstructive ouropatheia

‘Wl All these causes are summarized in the table below.




Table 1 — Etiology of Acute Kidney Injury in Children

hypoperfusion | Remalfintinsic | 2 it
|Intravascular volume Glomerular Urethral
Hemorrhage post Acute obstruction
surgical, trauma glomerulonephritis Posterior
Severe dehydration | Immune mediated urethral
3rd-space loss-sepsis- nephropathy S
capillary leak
| Effective circulating Vascular Obstruction
volume Hemolytic-uremic | ©f solitary
Cardiac dysfunction syndrome kidney tract
Acute liver failure Malignant
Sepsis-associated hypertension
vasolidation Lupus nephritis
LRenal blood flow Interstitial Ureteral
Renal artery occlusion | Acute interstitial | ©bstruction
or stenosis nephritis-drug Nephro-
Angiotensin Converting related lithiasis
Enzyme-1-inhibitor Pyelonephritis
Angiotensin I
Receptor Blocker
Tubular
Acute tubular
necrosis:
ischemia-
reperfusion

Toxin/poison
mediated
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Clinical manifestations of AKI in children
¢ Oliguria or anuria

This is the main clinical manifestation of acute kidney
disease in children?. The term oliguria refers to the urine
output of <350ml/24h (<0,5ml/kg/h in children or <1ml/kg/h
in infants), while anuria is characterized by a urine output
of less 180ml/24h''"", Morbidity and mortality rate is lower
in children that are in non oliguric phase than in children
who develop oliguria>*.

Acute kidney injury should be suspected in any dehydrated
child due to fluid depleting states like prolonged diarrhea
or vomiting. In children who do not a have a history of
gastroenteritis then the focus must be on other causes
of AKI'*'6, The history should also focus on the amount
of urine recently excreted, quality of urinary stream,
drug intake, evidence of fever, rash, arthropathy, urinary
symptoms, recent weight and any history of weight loss
and whether there is family history of renal problems™.

Another important issue is related with the electrolyte
imbalance which commonly occurs in critically ill patients
in combination with other conditions. Children are most
predisposed to this condition because of their small
physical complexion. It is very difficult to properly prescribe
the exact fluids dose in critical situations 5. The most
common imbalance, in the first stages of AKl in children, is
related with potassium, a major intracellular ion. Chapter 3
gives an excellent overview about this issue.

e Metabolic disorders

Increase of the urea and creatinine levels due to the
functional impairment of the glomerular filtration.

Metabolic acidosis: when GFR is considerably decreased
(<50ml/min/1,73 m?), the ability of the kidney to produce



ammonium is also reduced, resulting in retention of
H+, sulphate and phosphate radicals and finally in the
appearance of metabolic acidosis''",

* Electrolyte imbalance!*"2

o Hyponatremia (Na+serum <30mEq/L) usually due to
fluid retention and rarely due to increased Na+ loss in
urine output.

o Hyperkalemia: mainly due to the failure of of the kidneys
to excrete potassium (K,) in urine, but also due to
the leakage of K, from the cells as a consequence of
metabolic acidosis. Disorders of K, have direct and
potentially fatal effects on cardiac function. For this
reason, children with AKI should be under regular ECG
monitoring.

o Hypocalcaemia: is attributed to the hyperphosphatemia
and the impaired production of 1,25-OH-VitD

o Hyperfosfatemia: is the inability of the kidneys to
eliminate phosphates.

o Hypermagnesemia: Mg ++ movement from intracellular
to extracellular space.

o Hypertension: the treatment of hypertension is
proportional to the level of blood pressure and the
presence or absence of symptoms'. The child may
present with hypertensive crisis, vague symptoms, heart
failure or hypertensive encephalopathy (headache,
irritability, convulsions). In most cases, hypertension in
children with AKI is mild and responds to salt restriction
and oral antihypertensive medication™.

Management of AKIl in Children

Initially, an accurate assessment of the patient’s intravascular
status (hypervolemia or hypovolaemia) is essential to
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help guide clinical decisions and treatments. Overall, the
management of the patient will be dictated by the underlying
condition of the patient. Key principles in the management of
a child with AKI include:

* Maintain fluid and electrolyte balance
» Treatment of underlying disease

 Diet, which aims to meet the caloric needs, to reduce the
intake of potassium, sodium, phosphate, and protein level
(0,5-1g/kg/d), to the limitation of the amount of fluids given
according to the child’s daily needs™.

» Cardiovascular monitoring

Bladder catheterization and in more serious situations
measurement of central venous pressure (CVP) through a
central vascular catheter will be required.

The hypovolemic patient

The hypovolemic child shows signs of dehydration and shock.
The patient needs immediate rehydration with iv fluids. The
preferred solution is NaCl 0.9% (20ml/kg). This dose may be
repeated two or three times to restore the patient diuresis. The
kidneys may respond to this method and other methods of
renal replacement may be avoided.

Fluid status of the patient in AKI is difficult to assess. In
children, fluid administration so needed in the early stages to
correct hypovolemia, can potentially lead to an overload so
fluid balance monitoring is of utmost importance to prevent
hypervolemia.

The hypervolemic patients usually presents oedema, increase
in body weight possible increase in blood pressure, signs of
heart failure such as tachycardia and presence of rale sounds
on auscultation'®'s. Oedema, due to fluid overload must
be solved urgently to avoid further severe complications. It
is used commonly, furosemide (up to 2mg/kg) or Mannitol



(0.25-0.5 g/kg). Limitations in the daily fluids intake in 400ml/
m?/day are also important as the administration of electrolytes
according to the laboratory results. It is also important to check
signs of dehydration and prevention of shock.

Hyperkalaemia

Particular attention is still needed in the treatment of
hyperkalemia: usually occurs in the oliguric phase: severe
hyperkalemia (K >7.5mEqg/L), to moderate hyperkalemia
(K,=6.5-7.5mEq/L) and mild hyperkalemia (K=,6.5 mEq/L)
potassium disorders have immediate and potentially fatal
effects on cardiac function and children with AKI should be
under continuous EKG monitoring’.

The appearance of pointed T waves in the ECG is one of the
first lesions that can be detected on ECG. These changes if
not corrected, can be followed by the fall of the ST segment
in the EKG and the prolongation of the PR segment and at
last from the widening of the QRS (ventricular fibrillation and
cardiac arrest)".

Treatment of Hyperkalaemia

Administration of Kayexalate (1g/kg per mouth or per rectum)
(mild form).

In severe hyperkalemia calcium gluconate 10% is used or
crystalline insuline with glucose. In severe cases the patient
should be placed on dialysis (continuous or intermittent).
In patients with severe metabolic acidosis (pH-7) sodium
bicarbonate is administered but with great caution for
hypernatremia and water retention.’

In children and in infants there is a wide choice of renal
replacement therapies, which includes all methods that applies
to adult patients. However, there are important technical issues
regarding dialysis in children because of their body weight that
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can be up to 50 times smaller. In addition, some methods have
specific indications and contraindications in children™’.

Renal Replacement Therapies

Continuous renal replacement therapies appear to be the
appropriate treatment for patients with AKI complicated by
different clinical problems and other critical situations. In
children patients with AKI and other organ system failure, or
in patients with a septic syndrome, high volume hemofiltration
may be indicated.

The selection of the appropriate replacement therapy should
be individualized and depends on the overall clinical picture,
the treatment goals, the expertise, and the institutional
resourses?.

Dialysis
Indication for dialysis treatment

1. Urealevels >200mg/dl in conjunction with symptoms such
as nausea, vomiting, hyper excitability, drowsiness(clinical
uraemia).

2. Hyperkalaemia or heavily hyponatremia and acidosis not
responding to standard treatment.

3. Significant fluid retention and signs of congestive
circulatory  failure/pulmonary oedema or severe
hypertension not responding to treatment.

4. Removal of nephrotoxic agents.

Acute Peritoneal Dialysis (PD)

This is a simple method universally accepted which is losing
ground compared to continuous hemofiltration especially in
the highly sophisticated units. There are no guidelines as to
adequacy of the PD in AKI.



Advantages of PD

1. It does not require specialized equipment or technical
expertise.

2. It does not need special vascular intervention.

3. There is no need the circuit to be filled with blood and
anticoagulation.

4. The hemodynamic instability is unusual.

The surgical insertion of catheter (type Tenckhoff) is preferred
and in emergency situations an acute peritoneal catheter may
be used. Initially a solution with the lowest glucose concentration
is used (1.36%) 10-20ml/kg(300-600ml/m?) with cycles of
one hour during the first 24h ( when the entire cycle should
last ¥2 hour the method is facilitated by means of automatic
change machine (cycler) which reduces the workload of the
nursing staff and the repeated interventions in the catheter)
and gradually increase the volume up to 800-1000ml/m?2.
Attention should be given to hyperglycaemia which can lead to
hyperosmosis and to reduce filtration®'®. Prophylactic dose of
cefuroxime 125mg/L for 48 h and heparin should be added to
the bag solution in order to avoid complications of the method.

Complications of the method
 Leakage of peritoneal fluid
» Obstruction of the peritoneal catheter
* Peritonitis

Acute Dialysis (AD)

Acute dialysis applies when the PD is contraindicated due to
intra abdominal pathology (recent surgery, abdominal hernia,
omphalocele and gastroshisis) or respiratory limitations. Acute
dialysis in infants and small children requires experience and
technical expertise and adequate size of filters, bloodlines
and vascular catheters™. In very small patients (<5kg) may




Acute Kidney Injury (AKI)

need to fill the circuit with blood or human albumin 5% (5-
8kg). The small size of the patient allows the efficient and
rapid clearance of solutes (e.g. ammonia) where appropriate,
but careful approach is needed because too rapid osmotic
changes can precipitate the occurrence of seizures. There are
filters available in a variety of sizes, suitable from newborns,
infants to large adolescents. The choices at very small filters
are limited'®.

Continuous renal replacement (SCUF, CVVH, CVVHD,
CVVHDF)

These techniques do not differ from those in adults (SCUF,
CVVH, CVVHD, CVVHDF) and the same vessels are used but
smaller catheters and filters. The purpose of the continuous is
that the patient is cleared 12-24 hours'® and the hemodynamic
stability is not affected as in the intermittent treatments with
the forcible removal of excess fluid. Prerequisite for the
proper function of the operating system, is the choice of the
suitable size of the filters, lines and vascular catheters. The
vessel of choice is the femoral vein, followed by the internal
jugular and the subsclavian vein with the use of catheter in
adequate size in order to achieve adequate blood flow. In
infants catheterization of the vessel is often difficult. Limited
factor remains the maintenance of the adequate blood flow
in the vascular access in the small vessels of children. The
circuit must contain less than 10% of the total blood flow of
the patient. The proposed blood flow in the system is 6-9ml/
kg/min. If there are flow problems, two different catheters may
be used in different positions. The low blood flow, the high
hematocrit and the high protein in blood may pose problems in
the proper functioning of the system"’.



Table 2- Age, type of catheter and choice of vessel for Hemodialysis '

Age 9f e Type —size of catheter Vessel
patient
Newborn Single-lumen 5 Fr (COOK) |Femoral artery
or vein
Dual-Lumen 7.0 French Internal-external
(cook/medcomp) fLEEr .
Subclavian or
femoral vein
3-6 Kg Dual-Lumen 7.0 French Internal-external
(cook/medcomp) llgellers .
Subclavian or
femoral vein
Triple-Lumen 7.0 Fr Internal-external
(medcomp, arrow) [Tt .
Subclavian or
femoral vein
6-30 Kg Dual-Lumen 8.0 French Internal-external
(kendall, arrow) e .
Subclavian or
femoral vein
>15-Kg Dual-Lumen 9.0 French Internal-external
(medcomp) g .
Subclavian or
femoral vein
>30 Kg Dual-Lumen 10.0 French Internal-external
(arrow, kendall) Jugular .
Subclavian or
femoral vein

Acute kidney injury is a serious life-threatening condition in
children. The recognition in the early stage and the identification
of risk factors, can contribute significantly to improved long-
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term outcomes. The recovery stage of the renal function may
take several months. Children who develop acute kidney injury
(acute renal failure) recover renal function either partially or
completely or can develop end-stage renal disease'”.

Children with AKI and multi organ failure must be cared for in
pediatric ICUs . Reversible conditions that lead to acute kidney
injury such as dehydration, shock, infection or obstruction in
the urinary tract should be treated immediately and guided
by appropriate evidence based interventions'®. Technological
progress has allowed dialysis to be used with great certainty
even in young infants. The therapeutic interventions are based
on guidelines in order to have better efficacy in the therapeutic
techniques.

Key points

It is difficult to estimate the true incidence and prevalence of
the paediatric patients with AKI in the early stages.

Mortality rates among children with AKI are connected with the
underlying disease especially multi organ failure.

Reversible conditions that lead to acute kidney injury such as
dehydration, shock or infection should be treated immediately
and drastically.

The selection of the appropriate replacement therapy should
be implemented urgently to avoid drastic consequences in the
future.
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Acute Kidney Injury (AKI)

Learning outcomes

e To outline the key components of assessment for the
patient with acute kidney injury (AKI).

¢ To describe the fundamental principles of nursing care
for the patient with AKI.

* To discuss the relative advantages and disadvantages
of crystalloid and colloid fluid resuscitation.

Introduction

As described earlier in this handbook, AKI is a clinical
syndrome denoted by an abrupt decline (over days to a
few weeks) in glomerular filtration rate (GFR) sufficient to
decrease the elimination of nitrogenous waste products (urea
and creatinine) and other uraemic toxins'. The multifactorial
aetiology of AKI, combined with the rapid onset, poses a
unique challenge to the nurse in terms of managing both the
root cause and the resultant kidney failure. The focus of this
chapter is to outline the key principles of nursing care for the
patient with AKIl. The opening sections of this chapter will
examine patient assessment and investigations in AKI. The
core components of care will then be addressed, emphasising
the role of the nurse in enhancing the patient experience.

Assessment of the patient with AKI

The kidneys perform a wide variety of physiological functions?,
encompassing the excretion of nitrogenous end products
of protein metabolism, water and electrolyte homeostasis,
control of blood pressure, acid-base balance, erythropoiesis,
conversion of vitamin D to its active metabolite, and excretion



of drugs and toxins®. Consequently, the effects of AKI are
systemic, and impact on all of the major bodily organs. The
assessment process is thus fundamental to establishing an
accurate and comprehensive patient history*.

The literature denotes that the initial assessment of the
patient with AKI should be conducted simultaneously with the
management of any life threatening features e.g. hypotension,
shock, respiratory failure, hyperkalaemia®. Subsequent
management should focus on identifying the cause of the renal
insult and the needs generated by that cause?®. Table 1 depicts
the key components of assessment for the patient with AKI.

Table 1: The key components of assessment for the patient with AKI

(see next page)
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With reference to Table 1, a detailed patient assessment is
imperative in identifying the AKI cause and individual care
priorities. Assessment will generate a unique set of clinical
requirements that must be taken into consideration to prevent
permanent renal damage or death®.

Investigations for AKI

In addition to a detailed patient assessment (Table 1), a
series of laboratory investigations are required. Blood and
urine testing are crucial to the management of AKI, in aiding
diagnosis, monitoring AKI severity, and evaluating response
to interventions’. Table 2 outlines the laboratory investigations
for AKI.

Table 2: Laboratory investigations for AKI

Test Indication/abnormality

Urine testing

 Urine dipstick * Haematuria and proteinuria
suggests glomerular disease

* Red cell casts on e Glomerular disease
microscopy

* Mid-stream urine  Urinary tract infection
for microscopy,
culture, and
sensitivity

» Bence Jones * Monoclonal light chain mediated
protein disease




Blood tests*

Serial electrolytes,
creatinine, and urea,
including review of
historical reports
Venous plasma
bicarbonate

Arterial blood gasses
C-reactive protein
Creatine kinase

Calcium

Phosphate

Liver function tests

Albumin

Full blood count and
film
Coagulation

Blood cultures
Lactate
dehydrogenase
Anti-neutrophil
cytoplasmic antibody
(ANCA)

Identify kidney failure

Acidosis

Metabolic acidosis
Inflammation and infection
Rhabdomyolysis (a rapid
breakdown of skeletal muscle
due to injury to muscle tissue)
1 calcium — myeloma,
hyperparathyroidism,
sarcoidosis, malignancy, renal
calculi, iatrogenic

| calcium — advanced chronic
kidney disease (CKD),
rhabdomyolysis

1 phosphate — rhabdomyolysis,
advanced CKD

Suspected multi-organ
involvement or abnormal
coagulation

Suspected nephrotic
syndrome, multi-organ disease
Anaemia, infection, haemolysis

Septicaemia, disseminated
intravascular coagulation
Septicaemia

Tissue infarction, haemolysis

Rapidly progressive
glomerulonephritis (RPGN)
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* Anti-glomerular * RPGN
basement
membrane (anti-

GBM) antibody

* Antinuclear » Systemic lupus erythematosus
antibodies (ANA) (SLE)

» Complement » Decreased concentrations
components (C3, in SLE, endocarditis, and
C4) cryoglobulinaemia

* Cryoglobulins * Cryoglobulinaemia

» Serum uric acid » Urate nephropathy

» Serum protein * Myeloma
electrophoresis

* Anti-streptolysin O | « Post-streptococcal
titre (ASOT) glomerulonephritis

* Virology * Hepatitis B & C, human

immunodeficiency virus
Reference: Lamb and Delaney (2009)’.

*See Appendix 1 for reference ranges

Further to the laboratory investigations for AKI, imaging
(chest and abdominal x-rays, renal ultrasonography) and
electrocardiography facilitate diagnosis®. A kidney biopsy
is reserved for cases where ultrasonography has excluded
obstructed kidneys and the renal sizes are maintained (small
kidneys indicate long standing disease and kidney biopsy is
unlikely to change management)’.

The fundamental principles of nursing care for the patient
with AKI

Irrespective of the aetiology, the goals of nursing care for the
patient with AKI encompass:
i Resolution of the AKI

i Resumption of normal kidney function and urine output®



Further to addressing the primary disorder, care focuses
on correcting fluid and electrolyte imbalances, maintaining
optimal nutritional status, preventing infection, preserving
skin integrity, and educating and supporting the patient and
family*®. The latter is discussed in detail in Chapter 8 of this
handbook.

1. Fluid management The nurse assumes a pivotal role
in the assessment of fluid status in order to determine
if the patient is hypo- or hypervolaemic®. The signs and
symptoms of hypo- and hypervolaemia are summarised in
Table 3.

Table 3: The signs and symptoms of fluid volume imbalances

Hypovolaemia
(fluid volume deficit)

Hypervolaemia
(fluid volume excess)

pressure (JVP) at 45°
» Raised haematocrit

* Dry skin and mucous |+ Oedema
membranes, decreased
skin turgor
» Weight loss Weight gain
* Negative fluid Dbalance | . positive fluid balance (fluid
(fluid  output exceeding | intake exceeding fluid
fluid intake) output)
* Hypotension, orthostasis Hypertension
* Tachycardia Bradycardia
* Absence of jugular venous | . Raised JVP

Decreased haematocrit
as a consequence of
haemodilution

Pulmonary congestion,
dyspnoea

Reference: Litwack (2006)°.
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a. Fluid resuscitation in hypovolaemia

Intravascular volume is a crucial factor in the maintenance
of organ function. An extensive loss of intravascular
fluid that cannot be compensated for by physiological
regulatory mechanisms leads to maldistribution of
nutritional blood flow, generalised tissue hypoxia, and
ultimately multi-organ failure?. Therefore, a fundamental
task of nursing management is to restore intravascular
volume to achieve adequate systemic circulation.

This critical situation becomes even more complex in
patients who develop AKI, which is often induced by
intravascular hypovolaemia and deterioration in renal
profusion. Aggressive administration of intravenous fluid
replacement is the intervention most likely to halt the
course of AKI'",

There is much debate in the literature with regard to
which fluid is most appropriate for volume replacement
in patients with AKI2. Intravenous fluids are generally
classified as crystalloids or colloids, the advantages and
disadvantages of which are illustrated in Table 4.

Table 4: The advantages and disadvantages of crystalloids and colloids

Advantages Disadvantages
Crystalloids | Fluid distributes * Overuse can lead
e.g. 0.9% to the tissues to peripheral and
sodium restoring total pulmonary oedema
chloride, 5% body water * Large vc?ltumeslare
dext . . : required to replace
extrose Crystalloid fluids intravascular losses

will show an early, |, Crvstalloid
short-lived plasma thgrapy may
éxpansion adversely affect
microcirculatory
blood flow and
oxygenation




Colloids

e.g. albumin,
whole human
blood

Colloids are

more effective
than crystalloids
at expanding
circulatory volume

» Excessive use
may precipitate
cardiac failure,
and pulmonary or
peripheral oedema

The larger * Itching
molecules are « Anaphylactic
better retained in reactions

the intravascular
space and
increase osmotic
pressure

Reference: Sumnall (2007)>2.

The selection of the type of fluid to be utilised is
dependent on the cause of the fluid loss, the patient’s
condition, and the preference of the prescribing clinician.
Generally it is agreed that colloid solutions act more
promptly to secure homeostasis, but some studies have
indicated that crystalloid solutions are adequate for
volume replacement?.

As nurses are becoming increasingly involved in the
prescribing of intravenous therapies, an in-depth
knowledge of the differences between crystalloids and
colloids (and the advantages and disadvantages of both)
is imperative to effective patient management.

b. Diuretic therapy in hypervolaemia

Adecrease in urine output during the oliguric phase of AKI
may have catastrophic consequences resulting in fluid
overload, pulmonary oedema, and ultimately respiratory
distress. Moreover, decreased urine production may
precipitate hyperkalaemia, hyponatraemia, metabolic
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acidosis, and uraemia®. Diuretic therapy may be
introduced if the patient is compromised by excessive
fluid, with a view to promoting diuresis and electrolyte
clearance, and thus restoring homeostasis?.

Loop diuretics, e.g. furosemide, act by decreasing the
amount of sodium, potassium, and chloride reabsorbed in
the ascending limb of the loop of Henlé. As reabsorption
of water is passive and water will naturally bind with
sodium, the retention of sodium in the filtrate attracts
more water and increases urine volume?.

The role of the nurse in flud management is
multifaceted, and comprises careful monitoring of the
patient’s vital signs, central venous pressure (CVP),
level of consciousness, and fluid input/urine output*.
Nonetheless, AKI may be severe enough to warrant
renal replacement therapy (RRT), the rationale for which
is described in detail in Chapter 5 of this handbook.

2. Metabolic acidosis management

Metabolic acidosis may occur in AKI as a consequence
of renal inability to secrete hydrogen ions and reabsorb
bicarbonate ions®. Itis diagnosed by a low arterial blood pH
(<7.35) in conjunction with a reduced serum bicarbonate
concentration (<24 mmol/l)"'. Metabolic acidosis impairs
cardiac contractility, induces bradycardia, produces
vasodilatation, and augments hyperkalaemia®. Therefore,
the reversal of acidosis is of vital importance to the survival
of the patient.

Treatment options for metabolic acidosis include the
administration of sodium bicarbonate (either intravenously
or orally), e.g. add three ampoules (amps) of sodium
bicarbonate (50 mmol/amp) to one litre of 5% dextrose
in water solution and administer via a slow intravenous
infusion, or citrate (orally), e.g. sodium citrate liquid
preparation (1 mmol of sodium and citrate per millilitre)™.




The role of the nurse in metabolic acidosis management is
focused on the evaluation of acidosis-reversing measures,
and encompasses arterial blood gas analysis'?, pulse
oximetry, oxygen therapy administration (via a face
mask or nasal cannulae)*, and support of the patient on
mechanical ventilation if specified. However, RRT will
usually be required to treat severe acidosis (pH <7.1) in
oligoanuric patients® (see chapter 5).

Hyperkalaemia management

Severe hyperkalaemia is a medical emergency due to the
risk for precipitating life threatening cardiac arrhythmias’.
Consequently, the early recognition and management of
hyperkalaemia is crucial®.

Hyperkalaemia may be managed by administering insulin
and dextrose intravenously via a bolus injection or slow
infusion*®. It is pertinent for the nurse to monitor blood
glucose levels when administering these infusions?, and
to conduct strict electrocardiograph tracing in order to
detect potentially fatal arrhythmias®. However, a refractory
hyperkalaemia with serum potassium >6.5 mmol/l would
necessitate the instigation of RRT*.

Nutritional management

AKI is associated with accelerated protein catabolism
that predisposes to negative nitrogen balance and
uncontrollably high blood urea nitrogen levels®. Protein
calorie malnutrition is associated with muscle wastage
and weakness®, and is implicated in the high mortality
rates observed in patients with AKI*.

The literature denotes that supplementary nutritional
support, with enteral feeding or total parenteral nutrition
may enhance nutritional status and majorly contribute
to the survival of the patient*. The role of the nurse in
optimising nutritional status in AKI is discussed in detail in
Chapter 7 of this handbook.
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5. Prevention of infection

Uraemia increases patient susceptibility to infection®,
which, in turn, is a leading cause of mortality in AKI.
Common presentations are pneumonia, urinary tract
infection, and wound sepsis, the progression of which
are enhanced by the immunosuppressed condition of
the patient®. Accordingly, infection prevention and control
are essential elements of nursing practice in the care of
patients with AKI.

Infection prevention and control strategies comprise:

» Utilising a strict aseptic technique in the care of
peripheral venous lines (e.g. CVP lines, venous
cannulae), indwelling urinary catheters, and wounds

» Avoiding indwelling urinary catheters (i.e. in the oliguric
or anuric patient) and unnecessary invasive monitoring
procedures

» Optimising nutritional status

» Obtaining frequent cultures of sputum, wound swabs,
and urine, and acting on positive laboratory findings
accordingly e.g. institute antimicrobial therapy

« Strictly monitoring vital signs (e.g. temperature, pulse
rate) with a view to detecting early signs of infection
(e.g. pyrexia, tachycardia)

* Implementing isolation techniques as indicated (e.g.
a methicillin-resistant staphylococcus aureus positive
wound swab) and as per local policy

6. Preservation of skin integrity

Skin integrity in the patient with AKI may be impaired,
as a function of uraemia, malnutrition, and immobility®.
Comprised skin integrity, in combination with oedema,
predisposes the patient to tissue breakdown and
potentially skin infection. Consequently, the maintenance
of skin integrity is a core component of nursing care in this
patient population.




Measures to preserve skin integrity encompass:

» Assess for the uraemic effects on skin integrity e.g.
pruritis, dryness, ecchymosis, oedema

» Ensure that skin is clean, dry, and intact in order to
prevent infection

* Employ a strict aseptic technique when providing wound
care

* Instigate regular pressure area care and pressure relief
especially if the patient is oedematous

Psychological care of the patient with AKI

The experience of acute illness may have extensive and
enduring consequences for patients'#. Studies indicate that
admission to an acute care environment may be associated
with psychological distress within the context of anxiety,
depression, and posttraumatic stress disorder (PTSD)'®"6,

The acute care environment is ‘widely unfamiliar’ to the
majority of individuals'. The noise, lay-out, machinery,
technology, and pace of acute care may induce feelings of
fear and anxiety. Moreover, experiencing a critical illness, its
concomitant interventions, and being confronted with life and
death scenarios, combine to create an often highly stressful
episode™.

Studies also demonstrate that the incidence of PTSD and other
psycho-affective disorders may be high not only in patients
but also in relatives following intensive care'®'®. Subsequently,
psychological care constitutes a fundamental component of
the care afforded to patients and their families in the acute
care setting. The psychological implications of admission to an
acute care environment are summarised in Table 5.
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Table 5: Psychological implications of admission to an acute care environment

Psychological

AT Defining features
implication

Delirium * An acute change or fluctuation in a
patient’s mental status

* |nattention

 Disorganised thinking

* An altered level of consciousness
 Disorientation

* Hallucinations

* Delusions

* Dreams and nightmares

Anxiety » Nervousness

+ May occur both | * Restlessness
at the point of « A sense of dread

acute illness and | . pifficulty concentrating
after discharge o
* [rritability

* May be . .
associated with ImPauenc? .
a specific event | * Being easily distracted
e.g. discharge
from the acute
care setting to
a general ward
(relocation
stress/transfer
anxiety)




PTSD * Re-experiencing the event(s)

- Triggered by thro.ugh mghtmares' or f.Iashbat':ks
traumatic events | ¢ Avoidance of the stimuli associated
and may last for | With the event
years after the » Hyperarousal symptoms e.g.
event hypervigilence, being easily startled

» Dissociative symptoms e.g.
numbing, depersonalisation,

amnesia
Depression » Continual low mood or sadness
* Hopelessness, helplessness, and
tearfulness

* Low self-esteem

* Loss of motivation/interest in
everyday activities

« Difficulty in making decisions

» Suicidal thoughts/thoughts of self-
harm

Reference: Pattison (2005)"; Peris et al. (2011)°.

With reference to Table 5, the psychological implications of
admission to the acute care environment are multifaceted.
As psychological factors impact on recovery post acute care
episode™, it is imperative that nurses, when caring for patients
with AKI, adequately assess for the presence of psychological
symptoms and implement appropriate care strategies.

Research suggests that psychological interventions have
the potential to promote recovery from PTSD, anxiety, and
depression in patients who have experienced critical illness?.
Interventions such as ensuring good pain control, maintaining
excellent communication with both families and the patient
about their situation, and minimising and coordinating
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interventions so that the patient, where possible, retains some
control may assist in the management of anxiety'. Similarly,
counselling strategies such as active listening, the use of open
and closed questions, and paraphrasing may be valuable in
addressing the symptoms of depression and PTSD.

Early psychological intervention in the acute care environment
may be associated with positive patient outcomes?.
Furthermore, nurses are pivotal to facilitating optimal recovery
from AKI by providing psychological care and promoting well-
being.

Key points

» Key principles of nursing care for the patient with AKI were
examined.

» The experience of acute illness may have extensive and
enduring consequences for patients.

* Nursing care management should focus on identifying the
cause of the renal insult and the needs generated by that
cause.

* Detailed patient assessment must be emphasise as a
basis on which to plan, implement, and evaluate patient-
focused care.

» Psychological care constitutes a fundamental component
of the care afforded to patients and their families in the
acute care setting.



Appendix 1

Reference ranges for serum biochemistry and
haematology investigations

Test Normal range
Serum biochemistry
Creatinine 60 — 110 pmol/L
Urea 2.5—-7.5 mmol/L
Sodium 137 — 144 mmol/L
Potassium 3.5 —-4.9 mmol/L
Bicarbonate 20 — 28 mmol/L
Albumin 37 -49 g/L
Corrected calcium 2.2 — 2.6 mmol/L
Phosphate 0.8 — 1.4 mmol/L
C-reactive protein <10 mg/L
Haematology
Haemoglobin 13.0 — 18.0 g/dL (males)

11.5—-16.5 g/dL (females)

White cell count 4 —11 x 10%/L
Platelets 150 — 400 x 10%L
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