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Preface

Chronic kidney disease (CKD) is of growing importance in the UK. The NHS is increasingly
focussing on prevention and on the early detection and treatment of potentially progressive
disease, whilst the prevalence of risk factors for CKD, such as diabetes, obesity and hypertension
is rising. It is therefore a great pleasure to introduce this timely new guideline on CKD from the
National Collaborating Centre for Chronic Conditions (NCC-CC) and the National Institute
for Health and Clinical Excellence (NICE).

The recommendations you will read here are the result of a thorough review of the published
research. The field of renal medicine has a complex evidence base, and enormous thanks are
due to the Guideline Development Group for their hard work and attention to detail, and to the
NCC-CC Technical Team who worked enthusiastically alongside them. As for all our guidelines,
full evidence tables summarising the clinical evidence base, and full details of the health
economic modelling, are available from the Royal College of Physicians’ website. Readers
involved in research in this field, and those who want to find the full rationale behind a
particular recommendation, will find this an invaluable resource.

The Department of Health, in commissioning this guideline, was clear that the focus was to be on
early detection and management. This is the area in which the guideline can deliver its greatest
potential benefit, through delaying progression of disease and thus reducing the need for dialysis
or transplantation. The key priority recommendations singled out in the guideline reflect this
emphasis. They present clear criteria for testing for CKD, suspecting progressive CKD, and
referring people for specialist assessment, all of which should be useful in primary care.
Recommendations are also provided on starting treatment once proteinuria has been assessed.

In common with other guideline topics in chronic conditions, there are some areas in CKD
which remain in need of good quality research to inform difficult clinical decisions. The GDG
have not shirked from addressing these questions and their expertise informed debates which
led to some forward-thinking recommendations, for example those dealing with testing for
proteinuria. For many practitioners a change in practice will be required as a result, but great
effort has been taken to explain the rationale for this change within the guideline, and to
demonstrate that the necessary effort is worthwhile.

As healthcare professionals in primary care take on an increasing role in the management of CKD,
it is hoped that this guideline will be a single useful and accessible reference promoting a
consistent high quality of care and hence improved quality of life for longer for people with CKD.

Dr Bernard Higgins MD FRCP
Director, National Collaborating Centre for Chronic Conditions
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Acronyms and abbreviations

AASK African American Study of Kidney Diseases and Hypertension
ABLE A Better Life through Education and Empowerment
ACEI Angiotensin-converting enzyme inhibitor
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ALP Alkaline phosphatase

ARB Angiotensin receptor blocker
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DNCSG Diabetic Nephropathy Collaborative Study Group
eGFR Estimated glomerular filtration rate

ESRD End stage renal disease
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GFR Glomerular filtration rate
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ICER Incremental cost-effectiveness ratio
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QALY
RBC

RCT
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Acronyms, abbreviations and glossary

Heart failure

Hazard ratio

Hypertension

Isotope dilution mass spectrometry

Irbesartan in Diabetic Nephropathy Trial
Immunoglobulin-A glomerulonephritis

Intact parathyroid hormone

Kidney Disease Improving Global Outcomes

Kidney Disease Outcomes Quality Initiative

Low density lipoprotein

Low density lipoprotein cholesterol

Low protein diet

Left ventricular ejection fraction

Mean arterial pressure

Modification of Diet in Renal Disease

Myocardial infarction

National Collaborating Centre for Chronic Conditions
New Opportunities for Early Renal Intervention by Computerised Assessment
National Health and Nutrition Examination Surveys
National Health Service

National Institute for Health and Clinical Excellence
National Kidney Foundation Kidney Disease Outcomes Quality Initiative
Number needed to screen

Number needed to treat

Non-significant

Non-steroidal anti-inflammatory drugs

National service framework

Non-ST-segment elevation acute coronary syndrome
Odds ratio

Protein:creatinine ratio

Prevention of Renal and Vascular Endstage Disease
Parathyroid hormone

Per million population

Quality and Outcomes Framework

Quality-adjusted life year

Red blood cells

Randomised controlled trial

Ramipril Efficacy in Nephropathy RCT

Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist
Losartan study
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Xii

ROC Receiver-operator curve

RR Relative risk

RRT Renal replacement therapy

SBP Systolic blood pressure

SCr Serum creatinine

SHARP Study of Heart and Renal Protection

SIGN Scottish Intercollegiate Guidelines Network
SLT Systemic lupus erythematosus

STEACS ST-segment elevation acute coronary syndrome
UKPDS UK Prospective Diabetes Study

UPD Usual protein diet

WMD Weighted mean difference

Glossary

ACEI A drug that inhibits ACE (angiotensin-converting enzyme) which is

Adverse events
Albuminuria
Algorithm

(in guidelines)

Allocation concealment

Audit
Before and after study

Bias

Blinding (masking)

Carer (care giver)

Case-control study

Clinical audit

Clinician

important to the formation of angiotensin II. ACE inhibitors are
used for blood pressure control and congestive heart failure.

A harmful, and usually relatively rare, event arising from treatment.
The presence of albumin in the urine.

A flow chart of the clinical decision pathway described in the
guideline.

The process used to prevent advance knowledge of group assignment
in an RCT.

See ‘Clinical audit’
See ‘Observational study’.

The effect that the results of a study are not an accurate reflection of
any trends in the wider population. This may result from flaws in
the design of a study or in the analysis of results.

A feature of study design to keep the participants, researchers and
outcome assessors unaware of the interventions which have been
allocated.

Someone other than a health professional who is involved in caring
for a person with a medical condition, such as a relative or spouse.

Comparative observational study in which the investigator selects
individuals who have experienced an event (for example, developed
a disease) and others who have not (controls), and then collects data
to determine previous exposure to a possible cause.

A quality improvement process that seeks to improve patient care
and outcomes through systematic review of care against explicit
criteria and the implementation of change.

In this guideline, the term clinician means any health care
professional.



Cochrane review

Cohort study

Confidence interval (CI)

Cost-effectiveness
analysis

Cost-effectiveness model

Cost-utility analysis
Diagnostic study
Evidence-based
healthcare

Follow up
Generalisability

Gold standard
Guideline development
group (GDG)

Hazard ratio (HR)

Haematuria

Acronyms, abbreviations and glossary

A systematic review of the evidence from randomised controlled
trials relating to a particular health problem or healthcare
intervention, produced by the Cochrane Collaboration. Available
electronically as part of the Cochrane Library.

A retrospective or prospective follow-up study. Groups of
individuals to be followed up are defined on the basis of presence or
absence of exposure to a suspected risk factor or intervention. A
cohort study can be comparative, in which case two or more groups
are selected on the basis of differences in their exposure to the agent
of interest.

A range of values which contains the true value for the population
with a stated ‘confidence’ (conventionally 95%). The interval is
calculated from sample data, and generally straddles the sample
estimate. The 95% confidence value means that if the study, and the
method used to calculate the interval, is repeated many times, then
95% of the calculated intervals will actually contain the true value
for the whole population.

An economics study design in which consequences of different
interventions are measured using a single outcome, usually in
natural units (for example, life-years gained, deaths avoided, heart
attacks avoided, cases detected). Alternative interventions are then
compared in terms of cost per unit of effectiveness.

An explicit mathematical framework, which is used to represent
clinical decision problems and incorporate evidence from a variety
of sources in order to estimate the costs and health outcomes.

A form of cost-effectiveness analysis in which the units of
effectiveness are quality-adjusted life-years (QALYs).

Any research study aimed at evaluating the utility of a diagnostic
procedure.

The process of systematically finding, appraising, and using research
findings as the basis for clinical decisions.

An attempt to measure the outcomes of an intervention after the
intervention has ended.

The degree to which the results of a study or systematic review can
be extrapolated to other circumstances, particularly routine health
care situations in the NHS in England and Wales.

See ‘Reference standard’

An independent group set up on behalf of NICE to develop a
guideline. They include healthcare professionals and patient and
carer representatives.

A statistic to describe the relative risk of complications due to
treatment, based on a comparison of event rates.

The presence of blood in the urine; often a symptom of urinary tract
disease.
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Heterogeneity

Homogeneity

Hyperkalaemia
Inclusion criteria

Incremental cost

Incremental cost
effectiveness ratio
(ICER)

Level of evidence

Macroalbuminuria

Meta-analysis

Methodological
limitations

Microalbuminuria
Multivariate model

National Collaborating
Centre for Chronic
Conditions (NCC-CC)

National Health
Service (NHS)

National Institute for
Health and Clinical
Excellence (NICE)

Negative predictive value

In systematic reviews, heterogeneity refers to variability or differences
between studies in estimates of effect.

In a systematic review, homogeneity means there are no or minor
variations in the results between individual studies included in a
systematic review.

Abnormally high potassium concentration in the blood, most often
due to defective renal excretion, as in kidney disease.

Explicit criteria used to decide which studies should be considered
as potential sources of evidence.

The cost of one alternative less the cost of another.

The ratio of the difference in costs between two alternatives to the
difference in effectiveness between the same two alternatives.

A code (e.g. 1++, 1+, 2++) linked to an individual study, indicating
where it fits into the NICE hierarchy of evidence and how well it has
adhered to recognised research principles.

Albuminuria characterised by an ACR =30 mg/mmol.

A statistical technique for combining (pooling) the results of a
number of studies that address the same question and report on the
same outcomes to produce a summary result.

Features of the design or reporting of a clinical study, which are
known to be associated with risk of bias or lack of validity. Where a
study is reported in this guideline as having significant methodo-
logical limitations, a recommendation has not been directly derived
from it.

Albuminuria characterised by an ACR 2.5-30 mg/mmol in men and
3.5-30 mg/mmol in women.

A statistical model for analysis of the relationship between two or
more predictor (independent) and the outcome (dependent) variable.

A partnership of the Clinical Effectiveness Forum for Allied Health
Professions, the NHS Confederation, the NICE Patient & Public
Involvement Programme, the Royal College of General Practitioners,
the Royal College of Nursing, the Royal College of Physicians of
London, the Royal College of Physicians’ Patient Involvement Unit,
the Royal College of Surgeons of England, and the Royal
Pharmaceutical Society of Great Britain. Set up in 2001 to undertake
commissions from NICE to develop clinical guidelines for the NHS.

This guideline is written for the NHS in England and Wales.

NICE is the independent organisation responsible for providing
national guidance on the promotion of good health and the
prevention and treatment of ill health.

The proportion of people with a negative test result who do not have
the disease.



Observational study

Odds ratio

Outcome

p values

Placebo

Positive predictive
value (PPV)

Proteinuria

Pure red cell aplasia
(PRCA)

Quality of life

Quality-adjusted
life year (QALY)

Randomisation

Randomised controlled

trial (RCT)
Reference standard

(or gold standard)
Relative risk (RR)

Sample size

Acronyms, abbreviations and glossary

Retrospective or prospective study in which the investigator
observes the natural course of events with or without control
groups, for example cohort studies and case-control studies.

A measure of treatment effectiveness. The odds of an event
happening in the intervention group, divided by the odds of it
happening in the control group. The ‘odds’ is the ratio of non-
events to events.

Measure of the possible results that may stem from exposure to
prevention or therapeutic intervention. Outcome measures may be
intermediate endpoints or they can be final endpoints.

The probability that an observed difference could have occurred by
chance. A p value of less than 0.05 is conventionally considered to be
‘statistically significant’.

An inactive and physically indistinguishable substitute for a
medication or procedure, used as a comparator in controlled
clinical trials.

The proportion of people with a positive test result who actually
have the disease.

The presence of protein in the urine.

Transitory arrest of erythropoiesis.

Refers to the level of comfort, enjoyment, and ability to pursue daily
activities.

A measure of health outcome which assigns to each period of time
a weight, ranging from 0 to 1, corresponding to the health-related
quality of life during that period, where a weight of 1 corresponds to
optimal health, and a weight of 0 corresponds to a health state
judged equivalent to death; these are then aggregated across time
periods.

Allocation of participants in a study to two or more alternative
groups using a chance procedure, such as computer-generated
random numbers. This approach is used in an attempt to reduce
sources of bias.

A comparative study in which participants are randomly allocated
to intervention and control groups and followed up to examine
differences in outcomes between the groups.

An agreed desirable standard, for example a diagnostic test or
treatment, against which other interventions can be compared.

An estimate for the number of times more likely or less likely an
event is to happen in one group of people compared with another,
based on the incidence of the event in the intervention arm of a
study, divided by the incidence in the control arm.

The number of participants included in a trial or intervention
group.
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Sensitivity (of a test)

Sensitivity analysis

Serum creatinine

Single blind study

Specialist

Specificity (of a test)

Stakeholder

Statistical power

Statistical significance

Suffix ‘(p)’

Systematic review

Washout period

Withdrawal

The proportion of people classified as positive by the gold standard,
who are correctly identified by the study test.

A measure of the extent to which small changes in parameters and
variables affect a result calculated from them. In this guideline,
sensitivity analysis is used in health economics modelling.

An endogenous marker used to estimate kidney function. Creatinine
is derived from the muscles of the body and is normally removed
from blood by the kidneys. As kidney disease progresses, the level of
creatinine in the blood increases.

A study where the investigator is aware of the treatment or
intervention the participant is being given, but the participant is
unaware.

A clinician whose practice is limited to a particular branch of
medicine or surgery, especially one who is certified by a higher
medical educational organisation.

The proportion of people classified as negative by the gold standard,
who are correctly identified by the study test.

Any national organisation, including patient and carers’ groups,
healthcare professionals and commercial companies with an interest
in the guideline under development.

In clinical trials, the probability of correctly detecting an underlying
difference of a pre-specified size due to the intervention or treatment
under consideration. Power is determined by the study design, and in
particular, the sample size. Larger sample sizes increase the chance of
small effects being correctly detected as statistically significant,
though they may not be clinically significant.

A result is deemed statistically significant if the probability of the
result occurring by chance is less than 1 in 20 (p <0.05).

Used to denote the presence of proteinuria when staging CKD.

Research that summarises the evidence on a clearly formulated
question according to a pre-defined protocol using systematic and
explicit methods to identify, select and appraise relevant studies, and
to extract, collate and report their findings. It may or may not use
statistical meta-analysis.

The stage in a crossover trial when one treatment is withdrawn
before the second treatment is given.

When a trial participant discontinues the assigned intervention
before completion of the study.
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1.1

Introduction

Background

Publication of the second part of the Renal National Service Framework (NSF)? served to
emphasise the change in focus in renal medicine from treatment of established kidney disease
to earlier identification and prevention of kidney disease. Allied to this is the knowledge that
late referral of people with advanced kidney disease to nephrology services from both primary
and secondary care is still at least as high as 30%, engendering increased mortality and
morbidity>® and precluding assessment and preparation of those for whom conservative
management is more appropriate.

Over 2% of the total NHS budget is spent on renal replacement therapy (dialysis and
transplantation) for those with established renal failure.” Strategies aimed at earlier
identification and (where possible) prevention of progression to established renal failure are
therefore clearly required. Equally importantly, population studies have shown that people with
diagnosed chronic kidney disease (CKD) have a far greater likelihood of cardiovascular death
than progression to established renal failure.!%-13 Furthermore, the majority of people with
CKD are asymptomatic and may not even be aware that they have any form of kidney problem.

The challenge is to:

e identify people with or at risk of developing CKD

e determine who needs intervention to minimise cardiovascular risk and to determine what
that intervention should comprise

e determine who will develop progressive kidney disease and/or complications of kidney
disease and how they may be identified and managed to reduce/prevent these outcomes

e determine who needs referral for specialist kidney care.

This requires adoption of an overall health approach (Figure 1.1) and an integrated care
strategy involving public awareness, professional education, policy influence, and improved
care delivery systems all under-pinned by research.

Complications

Kidney
failure

Increased End-of-life
risk care

Screening CKD risk Diagnosis Estimate Replacement
for CKD factor and treatment, progression, by dialysis
risk factors reduction, treat treat and transplant
screening comorbid complications,
for CKD conditions, prepare for

slow replacement

progression

Figure 1.1 Chronic kidney disease: an overall health approach. GFR = glomerular filtration rate. (Reprinted by
permission from Macmillan Publishers Ltd: Kidney International, Levey AS, Atkins R, Coresh J et al. Chronic kidney disease as
a global health problem: approaches and initiatives — a position statement from Kidney Disease Improving Global Outcomes.
Kidney International 2007; 72(3): 247—259.14 Copyright 2007.)
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A key component of the integrated care strategy is development of clinical guidelines which

synthesise a scientific understanding of the disease in terms of:

e the disease prevalence

o the ability to identify the disease and the people at risk

e aknowledge of best therapies and strategies

o the ability to deliver effective therapies in the right place at the right time with the right
tools.

In March 2006 the Joint Specialty Committee of the Royal College of Physicians of London and
the Renal Association, together with representatives from the Royal College of General
Practitioners, the Association for Clinical Biochemistry, the Society for District General
Hospital Nephrologists, the British Geriatric Society, the Professional Advisory Council of
Diabetes UK and the National Kidney Federation produced guidelines for the identification,
management and referral of adult people with CKD.!> Two further national strategies
promoting identification of CKD were implemented in April 2006: the automatic reporting of
an estimated glomerular filtration rate (eGFR) whenever a serum creatinine measurement is
requested of any clinical chemistry laboratory'® and the introduction of 4 renal domains in the
Quality and Outcomes Framework (QOF) subsequently updated in April 2008 (Table 1.1).17
These national strategies have raised questions that this guideline attempts to answer whilst
addressing the challenges detailed above.

Table 1.1 Quality and Outcomes Framework Guidance Chronic Kidney Disease Indicator

Set (updated April 2008)

Indicator 1  The practice can produce a register of patients aged 18 years and over with CKD (US National
Kidney Foundation: Stage 3—5 CKD)

Indicator 2 The percentage of patients on the CKD register whose notes have a record of blood pressure
in the previous 15 months

Indicator 3 The percentage of patients on the CKD register in whom the last blood pressure reading,
measured in the previous 15 months, is 140/85 mmHg or less

Indicator 5 The percentage of patients on the CKD register with hypertension and proteinuria who are
treated with an angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker
(ARB) (unless a contraindication or side effects are recorded)

Definition

The Renal NSF adopted the US National Kidney Foundation Kidney Disease Outcomes Quality
Initiative (NKF-KDOQI) classification of CKD. This classification divides CKD into five stages
(Table 1.2) defined by evidence of kidney damage and level of renal function as measured by
glomerular filtration rate (GFR). Stages 3—5 may be defined by GFR alone, whilst stages 1 and 2
also require the presence of persistent proteinuria, albuminuria, haematuria or structural
abnormalities. Stage 5 CKD may be described as established renal failure (also called end stage
renal disease (ESRD)), and is CKD which has progressed so far that renal replacement therapy
(regular dialysis treatment or kidney transplantation) may be required to maintain life.
Established renal failure is an irreversible, long-term condition. A small number of people with
established renal failure may choose conservative management only.
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1 Introduction

The classification of CKD into 5 stages has been widely adopted but as understanding of the
epidemiology of CKD has developed, it has been criticised as not being sufficiently sophisticated
for clinical needs. For example, longitudinal population studies have suggested that stage 3 should
be subdivided into 3A and 3B. Other studies, underlining the importance of proteinuria/
albuminuria as an independent risk factor for adverse outcomes in CKD, suggest the adoption of
a ‘(p)’ suffix in the different stages. This evidence and the changes to the classification that the
evidence suggests will be considered further in the relevant sections of the guideline.

Table 1.2 NKF-KDOQI stages of chronic kidney disease

Stage Description GFR (mI/min/1.73m?)
1 Kidney damage with normal or increased GFR =90

2 Kidney damage with mild reduction in GFR 60-89

3* Moderate reduction in GFR 30-59

4 Severe reduction in GFR 15-29

5 Kidney failure <15 (or dialysis)

* This guideline recommends splitting this into 3A and 3B — see section 5.

CKD is defined as either kidney damage (proteinuria, haematuria or anatomical abnormality)
or GFR <60 ml/min/1.73m? present on at least 2 occasions for =3 months.

Burden of disease

CKD is increasingly recognised as a public health problem and is usually characterised by an
asymptomatic period, which is potentially detectable. Tests for detecting CKD are both simple
and freely available and there is evidence that treatment can prevent or delay progression of
CKD, reduce or prevent development of complications, and reduce the risk of cardiovascular
disease (CVD). There is considerable overlap between CKD, diabetes and CVD and the risk of
developing CKD increases with increasing age. In assessing the burden of disease it is important
to understand the characteristics of our population.

The UK is an ageing and growing population. Since 1971 the population has increased by 7.7%
and since 2001 by 0.5% per annum such that the UK population in 2005 numbered 60,209,500
people.'® The mean age of the population in 1971 was 34.4 years and that had increased to 38.8
years with 16% of the population over 65 years of age in 2005 (Figure 1.2). The population is
also gaining weight; 67% of men and 58% of women are overweight. The population prevalence
of diabetes is 4%; 11.3% of the population are hypertensive; and although smoking rates have
decreased, 24% of the population aged over 16 are smokers (25% of men and 23% of women).
It is unsurprising that CVD remains prevalent: 3.6% of the population have coronary heart
disease, 1.5% cerebrovascular disease, and 0.4% congestive heart failure.
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Figure 1.2 Age and gender distribution of the UK population in 2005. (Source: Office for National Statistics
website: www.ons.gov.uk. Crown copyright material is reproduced with the permission of the Controller Office of Public Sector
Information (OPSI). Reproduced under the terms of the Click-Use Licence.)

Data from the UK Renal Registry” indicate that there were 41,776 adult patients alive on renal
replacement therapy (RRT) in the UK at the end of 2005, a prevalence for adults of 694 per
million population (pmp). Addition of the 748 children under age 18 on RRT gives a total
prevalence of 706 pmp. There was a 5.0% annual increase in the prevalence of people on RRT
in the 38 renal units participating in the Registry since 2000. In 2005, the mean percentage of
patients referred late (less than 90 days before dialysis initiation) was still 30%, unchanged from
the value in 2000.

Whilst the UK Renal Registry provides accurate estimates of numbers of people undergoing
RRT, this cannot be seen as a surrogate for the number of people with stage 5 CKD, as the mean
GFR of those starting RRT is 7.5 ml/min/1.73 m2.

Information relating to the UK population prevalence of stage 3-5 CKD comes from a large
primary care study (practice population 162,113) suggesting an age standardised prevalence of
stage 3—5 CKD of 8.5% (10.6% in females and 5.8% in males). In these people the age- and
gender-adjusted odds ratio (OR) for hypertension was 2.1 (95% CI 2.0-2.2), for diabetes 1.33
(95% CI 1.21-1.41) and for CVD 1.69 (95% CI 1.59-1.79).!° The prevalence of CKD rose
dramatically with age (Figure 1.3).
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Although we have very little information about the total burden of CKD in the UK, data from the
National Health and Nutrition Examination Surveys (NHANES)?%2! in the USA not only gives a
guide to the likely overall population prevalence, but also suggests that the prevalence is
increasing. Comparison of the prevalence of CKD in NHANES 1988-1994 with NHANES
1999-2004 showed an increase in population prevalence from 10.03 to 13.07%.2% The overall
prevalence among men increased from 8.2% to 11.1% and in women from 12.1% to 15.0%. The
increased prevalence was partly explained by the increase in a number of CKD risk factors,
including an ageing population and an increase in obesity, diagnosed diabetes and hypertension.
It is important to note that the NHANES studies included only non-institutionalised people, and
the prevalence of CKD in nursing homes is likely to be significantly higher.

UK population studies have demonstrated that the risk of cardiovascular death in people with
diagnosed CKD far outweighs the risk of progression. A retrospective cohort study found that
only 4% of 1076 individuals progressed to end stage kidney disease over a 5.5 year follow-up
period whilst 69% had died at the end of follow-up; the cause of death was cardiovascular in
46% of cases.!? Similarly, a prospective cohort study of 3240 individuals with a median GFR of
28.5 ml/min/1.73m? not known to renal services found that mortality was 39.5% after a median
follow-up period of 31.3 months. The cause of death was cardiovascular in 39.7% of cases. Only
8.3% of individuals sustained a decline in GFR greater than 5 ml/min/1.73m?/year during the
period of follow-up.!! This remarkable burden of cardiovascular disease in people with CKD,
and the relative lack of progression, has been confirmed in a number of observational
studies!?!3 and is further illustrated by results from the New Opportunities for Early Renal
Intervention by Computerised Assessment (NEOERICA) project where 50% of those with a
stage 4 and 5 CKD had coexistent CVD which increased in prevalence as GFR decreased.'® The
magnitude of other comorbidities such as diabetes, hypertension and significant anaemia also
increased with more advanced kidney dysfunction (Table 1.3).
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Table 1.3 NEOERICA: Comorbidity stratified by GFR

GFR <30 30-44 45-59 >60
(ml/min/1.73m?2) N=525 N=2475 N=8731 N=26531
All CVD (%) 50.7 42.7 271 14.8
Diabetes (%) 23.0 16.1 12 9.4
Hypertension (%) 87.8 86.6 71.4 471
Haemoglobin (Hb) <11 g/dl (%) 10.0 4.1 2.9 2.7

Adapted and reprinted by permission from Macmillan Publishers Ltd: Kidney International (Stevens PE, O’Donoghue DJ,
de Lusignan S et al. Chronic kidney disease management in the United Kingdom: NEOERICA project results. Kidney
International 2007; 72(1):92-99).19 Copyright 2007.

The study of unreferred CKD by John et al. demonstrated that 85% of those with advanced
kidney dysfunction were unknown to renal services.!! The NEOERICA study serves to
underline this but also demonstrates that CKD is still largely unrecognised: only 2.1% of those
with a GFR less than 60 ml/min/1.73m? had a coded diagnosis of renal disease.

A national programme to identify vulnerability to vascular diseases was announced by the
Secretary of State for Health in April 2008 following initial results from modelling work carried
out by the Department of Health. This work suggested that a vascular check programme would
prevent 4000 people a year from developing diabetes and could also detect at least 25,000 cases
of diabetes or kidney disease earlier.

It has long been recognised that the prevalence of established renal failure is higher amongst the
black and minority ethnic communities in comparison to Caucasian populations.?®> The
predominant reasons for this include the increased prevalence of Type 2 diabetes in South
Asians and hypertension in African Caribbeans, together with diseases particular to certain
communities such as chronic interstitial nephritis in South Asians and focal glomerulosclerosis
in African Caribbeans. However, there is a relative lack of knowledge concerning the prevalence
of earlier stages of CKD in black and ethnic minority populations in comparison to Caucasians.
In the United States, the racial disparity in the incidence of established renal failure among
black compared with white populations is not reflected in the prevalence of less severe degrees
of impaired kidney function.?* Similar findings have been reported from the NHANES III data.
It has been suggested that the reasons for this disparity lie with racial differences in the rate of
progression to established renal failure. The ABLE projects (A Better Life through Education
and Empowerment) in the UK have also demonstrated that kidney disease in South Asians and
African Caribbeans may deteriorate more rapidly to established renal failure.> In the long
term, the ABLE study aims to identify the reasons for this faster deterioration.
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Methodology

Aim

The aim of the National Collaborating Centre for Chronic Conditions (NCC-CC) is to provide
a user-friendly, clinical, evidence-based guideline for the National Health Service (NHS) in
England and Wales that:

e offers best clinical advice for the early identification and management of CKD in adults in
primary and secondary care

is based on best published clinical and economic evidence, alongside expert consensus
takes into account patient choice and informed decision-making

defines the major components of NHS care provision for CKD

details areas of uncertainty or controversy requiring further research and

provides a choice of guideline versions for different audiences.

Scope

The guideline was developed in accordance with a scope which detailed the remit of the
guideline originating from the Department of Health and specified those aspects of CKD care
to be included and excluded.

Prior to the commencement of the guideline development, the scope was subjected to
stakeholder consultation in accordance with processes established by the National Institute for
Health and Clinical Excellence (NICE).! The full scope is shown in Appendix B.

Audience

The guideline is intended for use by the following people or organisations:
e all healthcare professionals

people with CKD and their carers

patient support groups

commissioning organisations and

service providers.

Involvement of people with CKD

The NCC-CC was keen to ensure the views and preferences of people with CKD and their carers

informed all stages of the guideline. This was achieved by:

e having a person with CKD and a carer as patient representatives on the guideline
development group
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e consulting the Patient and Public Involvement Programme (PPIP) housed within NICE
during the pre-development (scoping) and final validation stages of the guideline project
and

e the inclusion of patient groups as registered stakeholders for the guideline.

Guideline limitations

Guideline limitations are as follows:

e NICE clinical guidelines usually do not cover issues of service delivery, organisation or
provision (unless specified in the remit from the Department of Health).

e NICE is primarily concerned with health services and so recommendations are not
provided for social services and the voluntary sector. However, the guideline may address
important issues in how NHS clinicians interface with these sectors.

e Generally, the guideline does not cover rare, complex, complicated or unusual conditions.

e Itis not possible in the development of a clinical guideline to complete extensive
systematic literature review of all pharmacological toxicity. NICE expects the guidelines to
be read alongside the summaries of product characteristics.

Other work relevant to the guideline

Related NICE public health guidance comprises:

e ‘Brief interventions and referral for smoking cessation in primary care and other
>26

settings’
Related NICE clinical guidelines are:

e ‘Anaemia management in chronic kidney disease’’

e ‘Hypertension: management of hypertension in adults in primary care’?8

e ‘Type 2 diabetes: the management of type 2 diabetes (update)’ 2°

e ‘Lipid modification: cardiovascular risk assessment: the modification of blood lipids for
the primary and secondary prevention of cardiovascular disease’?

e ‘Osteoporosis: assessment of fracture risk and the prevention of osteoporotic fractures in

individuals at high risk’!

Background

The development of this evidence-based clinical guideline draws upon the methods described
by the NICE ‘Guidelines manual’! (see http://www.nice.org.uk). The developers’ role and remit
is summarised in Table 2.1.
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Table 2.1 Role and remit of the developers

National Collaborating Centre
for Chronic Conditions
(NCC-CC)

NCC-CC technical team

Guideline Development Group

Guideline Project Executive
(PE)

Formal consensus

The NCC-CC was set up in 2001 and is housed within the Royal College
of Physicians (RCP). The NCC-CC undertakes commissions received
from the National Institute for Health and Clinical Excellence (NICE).

A multiprofessional partners’ board inclusive of patient groups and

NHS management governs the NCC-CC.

The technical team met approximately two weeks before each Guideline
Development Group (GDG) meeting and comprised the following
members:

e GDG Chair

e GDG Clinical Advisor
¢ |nformation Scientist
® Research Fellow

e Health Economist

® Project Manager.

The GDG met monthly (January 2007 to February 2008) and comprised
a multidisciplinary team of health professionals and people with
chronic kidney disease, who were supported by the technical team.

The GDG membership details including patient representation and
professional groups are detailed in the GDG membership table at the
front of this guideline.

The PE was involved in overseeing all phases of the guideline.
It also reviewed the quality of the guideline and compliance with the
DH remit and NICE scope.

The PE comprised of:
e NCC-CC Director
e NCC-CC Assistant Director
e NCC-CC Manager
e NICE Commissioning Manager
e Technical Team.

At the end of the guideline development process the GDG met to
review and agree the guideline recommendations.

Members of the GDG declared any interests in accordance with the NICE ‘Guidelines manual’.! A register is
given in Appendix D, available online at http://www.rcplondon.ac.uk/pubs/brochure.aspx?e=257

The process of guideline development

The basic steps in the process of producing a guideline are:

O 0 N N U s W N =

Updating the guideline.

Developing clinical questions

Systematically searching for the evidence

Critically appraising the evidence

Incorporating health economics evidence

Distilling and synthesising the evidence and writing recommendations
Grading the evidence statements

Agreeing the recommendations

Structuring and writing the guideline

11
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Developing evidence-based questions

The technical team drafted a series of clinical questions that covered the guideline scope. The
GDG and Project Executive refined and approved these questions, which are shown in
Appendix A.

Searching for the evidence

The information scientist developed a search strategy for each question. Key words for the
search were identified by the GDG. In addition, the health economist searched for additional
papers providing economics evidence or to inform detailed health economics work (for
example, modelling). Papers that were published or accepted for publication in peer-reviewed
journals were considered as evidence by the GDG. Conference paper abstracts and non-English
language papers were excluded from the searches.

Each clinical question dictated the appropriate study design that was prioritised in the search
strategy but the strategy was not limited solely to these study types. The research fellow or
health economist identified relevant titles and abstracts from the search results for each clinical
question and full papers were obtained. Exclusion lists were generated for each question
together with the rationale for the exclusion. The exclusion lists were presented to the GDG.
See Appendix A for literature search details.

Appraising the evidence

The research fellow or health economist, as appropriate, critically appraised the full papers. In
general, no formal contact was made with authors however there were ad hoc occasions when
this was required in order to clarify specific details. Critical appraisal checklists were compiled
for each full paper. One research fellow undertook the critical appraisal and data extraction.
The evidence was considered carefully by the GDG for accuracy and completeness.

All procedures are fully compliant with the:

e NICE methodology as detailed in the ‘Guidelines manual’!

e NCC-CC quality assurance document and systematic review chart available at:
http://www.rcplondon.ac.uk/college/ceeu/ncccc_index.htm.

Health economics evidence

Published economic evaluations were retrieved, assessed and reviewed for every guideline
question. Full economic evaluations were included, that is those studies that compare the
overall health outcomes of different interventions as well as their cost. Cost analyses and cost-
consequence analysis, which do not evaluate overall health gain, were not included. Evaluations
conducted in the context of non-OECD countries were also excluded, since costs and care
pathways are unlikely to be transferrable to the UK NHS.

Areas for health economics modelling were agreed by the GDG after the formation of the clinical
questions. The health economist reviewed the clinical questions to consider the potential
application of health economics modelling, and these priorities were agreed with the GDG.
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The health economist performed supplemental literature searches to obtain additional data for
modelling. Assumptions, data and structures of the models were explained to and agreed by the
GDG members during meetings, and they commented on subsequent revisions.

5 Distilling and synthesising the evidence and developing recommendations

The evidence from each full paper was distilled into an evidence table and synthesised into
evidence statements before being presented to the GDG. This evidence was then reviewed by
the GDG and used as a basis upon which to formulate recommendations. The criteria for
grading evidence are shown in Table 2.2.

Evidence tables are available online at http://www.rcplondon.ac.uk/pubs/brochure.aspx?e=257

6 Grading the evidence statements

Table 2.2 Levels of evidence for intervention studies?

Level of

evidence Type of evidence

1++ High-quality meta-analyses, systematic reviews of randomised controlled trials (RCTs), or
RCTs with a very low risk of bias.

1+ Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias.

1- Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias.*

2++ High-quality systematic reviews of case-control or cohort studies.
High-quality case-control or cohort studies with a very low risk of confounding or bias
and a high probability that the relationship is causal.

2+ Well-conducted case-control or cohort studies with a low risk of confounding, bias or
chance and a moderate probability that the relationship is causal.

2- Case-control or cohort studies with a high risk of confounding, bias or chance and a
significant risk that the relationship is not causal.”

3 Non-analytic studies (for example case reports, case series).

4 Expert opinion, formal consensus.

*Studies with a level of evidence ‘-’ should not used as a basis for making a recommendation.

7 Agreeing the recommendations

The GDG employed formal consensus techniques to:

e ensure that the recommendations reflected the evidence base

e approve recommendations based on lesser evidence or extrapolations from other
situations

e reach consensus recommendations where the evidence was inadequate and

e debate areas of disagreement and finalise recommendations.

13
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The GDG also reached agreement on:
e recommendations as key priorities for implementation
e key research recommendations and

e algorithms.

In prioritising key recommendations for implementation, the GDG took into account the
following criteria:

e high clinical impact

e high impact on reducing variation in practice

e more efficient use of NHS resources and

e allowing the patient to reach critical points in the care pathway more quickly.

Audit criteria for this guideline will be produced by NICE following publication in order to
provide suggestions of areas for audit in line with the key priorities for implementation.

8  Structuring and writing the guideline

The guideline is divided into sections for ease of reading. For each section the layout is similar

and contains:

e  Clinical introduction: sets a succinct background and describes the current clinical context

e  Methodological introduction: describes any issues or limitations that were apparent when
reading the evidence base

e  Evidence statements: provides a synthesis of the evidence-base and usually describes what
the evidence showed in relation to the outcomes of interest

e  Health economics: presents, where appropriate, an overview of the cost effectiveness
evidence-base, or any economics modelling

e From evidence to recommendations: sets out the GDG decision-making rationale,
providing a clear and explicit audit trail from the evidence to the evolution of the
recommendations

e Recommendations: provides stand alone, action-orientated recommendations.

e  Evidence tables: The evidence tables are not published as part of the full guideline but are
available online at http://www.rcplondon.ac.uk/pubs/brochure.aspx?e=257. These
describe comprehensive details of the primary evidence that was considered during the
writing of each section.

9  Writing the guideline

The first draft version of the guideline was drawn up by the technical team in accordance with
the decisions of the GDG, incorporating contributions from individual GDG members in their
expert areas and edited for consistency of style and terminology. The guideline was then
submitted for a formal public and stakeholder consultation prior to publication. The registered
stakeholders for this guideline are detailed on the NICE website, www.nice.org.uk. Editorial
responsibility for the full guideline rests with the GDG.

The different versions of the guideline are shown in Table 2.3.

14
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Table 2.3 Different versions of the guideline

Full version Details the recommendations, the supporting evidence base and the
expert considerations of the GDG. Published by the NCC-CC.
Available at http://www.rcplondon.ac.uk/pubs/brochure.aspx?e=257

NICE version Documents the recommendations without any supporting evidence.
Available at http://www.nice.org.uk

‘Quick reference guide’ An abridged version.
Available at http://www.nice.org.uk

‘Understanding NICE A lay version of the guideline recommendations.
guidance’ Available at http://www.nice.org.uk
Updating the guideline

Literature searches were repeated for all of the evidence-based questions at the end of the GDG
development process allowing any relevant papers published up until 8 February 2008 to be
considered. Future guideline updates will consider evidence published after this cut-off date.

Two years after publication of the guideline, NICE will ask a National Collaborating Centre to
determine whether the evidence base has progressed significantly to alter the guideline
recommendations and warrant an early update. If not, the guideline will be considered for
update approximately four years after publication.

Disclaimer

Healthcare providers need to use clinical judgement, knowledge and expertise when deciding
whether it is appropriate to apply guidelines. The recommendations cited here are a guide and may
not be appropriate for use in all situations. The decision to adopt any of the recommendations
cited here must be made by the practitioner in light of individual patient circumstances, the wishes
of the patient, clinical expertise and resources.

The NCC-CC disclaims any responsibility for damages arising out of the use or non-use of
these guidelines and the literature used in support of these guidelines.

Funding

The National Collaborating Centre for Chronic Conditions was commissioned by the National
Institute for Health and Clinical Excellence to undertake the work on this guideline.
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3.1

Key messages of the guideline

Key priorities for implementation

e To detect and identify proteinuria, use urine albumin:creatinine ratio (ACR) in
preference, as it has greater sensitivity than protein:creatinine ratio (PCR) for low levels of
proteinuria. For quantification and monitoring of proteinuria, PCR can be used as an
alternative. ACR is the recommended method for people with diabetes.

Offer ACEI/ARBs to non-diabetic people with CKD and hypertension and ACR =30 mg/mmol
(approximately equivalent to PCR =50 mg/mmol, or urinary protein of =0.5 g/day).

Stage 3 CKD should be split into two subcategories defined by:
e GFR 45-59 ml/min/1.73 m? (stage 3A)
e GFR 30-44 ml/min/1.73 m? (stage 3B).

People with CKD should usually be referred for specialist assessment if any of the following apply:

e stage 4 and 5 CKD (with or without diabetes)

e heavy proteinuria (ACR =70 mg/mmol, approximately equivalent to PCR =100 mg/mmol,
or urinary protein excretion =1 g/24 h) unless known to be due to diabetes and already
appropriately treated

e proteinuria (ACR =30 mg/mmol, approximately equivalent to PCR =50 mg/mmol, or
urinary protein excretion =0.5 g/24 h) together with haematuria

e rapidly declining eGFR (>5 ml/min/1.73m? in one year, or >10 ml/min/1.73m? within
5 years)

e hypertension that remains poorly controlled despite the use of at least 4 anti-hypertensive
drugs at therapeutic doses (see NICE clinical guideline 34, ‘Hypertension: management of
hypertension in adults in primary care’)

e arare or genetic cause of CKD, or the suspicion of one

e suspected renal artery stenosis.

Offer people testing for CKD if they have any of the following risk factors:

e diabetes (types 1 and 2)

e hypertension

e cardiovascular disease (ischaemic heart disease, chronic heart failure, peripheral vascular
disease and cerebral vascular disease)

e structural renal tract disease, renal calculi or prostatic hypertrophy

e multisystem diseases with potential kidney involvement, e.g. systemic lupus
erythematosus (SLE)

e family history of stage 5 CKD or hereditary kidney disease.

Take the following steps to identify progressive CKD:

e obtain a minimum of three glomerular filtration rate (GFR) estimations over a period of
not less than 90 days

e in people with a new finding of reduced eGFR, repeat the estimated glomerular filtration
rate (eGFR) within 2 weeks to exclude causes of acute deterioration of GFR, e.g. acute
kidney injury or initiation of angiotensin-converting enzyme inhibitor (ACEI)/angiotensin
receptor blocker (ARB) therapy

17
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e define progression as a decline in eGFR of >5 ml/min/1.73 m? within one year, or
>10 ml/min/1.73m? within 5 years

e focus particularly on those in whom a decline of GFR continuing at the observed rate
would lead to the need for renal replacement therapy within their lifetime by
extrapolating the current rate of decline.

In people with CKD, aim to keep the systolic blood pressure below 140 mmHg (target range
120-139 mmHg) and the diastolic blood pressure below 90 mmHg.

18
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3.2 Algorithms

Progression of CKD

Stages of CKD
Stage 1 and 2 | Stage 3A | Stage 3B | Stage 4 | Stage 5

Early identification (see section 5)

Offer people testing for CKD if they have any of the following risk factors:

« Diabetes

Hypertension

/f neither diabetes nor hypertension are present, do not use obesity as a risk marker
Cardiovascular disease (ischaemic heart disease, chronic heart failure,

peripheral vascular disease and cerebral vascular disease)

Receiving drugs' known to be nephrotoxic, e.g. lithium, calcineurin inhibitors, chronic NSAID use
Structural renal tract disease, renal calculi or prostatic hypertrophy

Multitsystem diseases with potential kidney involvement, e.g. SLE

Family history of stage 5 CKD or hereditary kidney disease

Opportunistic haematuria or proteinuria in the absence of a urological cause

«| /f none of these are present, do not use age, gender or ethnicity as risk markers

Identify and delay progression (see section 6)

Identify those at risk of progression (presence of cardiovascular disease; proteinuria; hypertension; diabetes; smoking; Black or Asian
ethnicity; chronic use of NSAIDS; urinary outflow tract obstruction)

Exclude causes of acute deterioration in GFR by repeating eGFR within 14 days

Assess rate of progression by repeating eGFR measurement three times over a period of not less than 90 days and then annually
Use ACEI/ARB therapy in people:

- with diabetes and ACR >2.5 mg/mmol (men) or >3.5 mg/mmol (women) irrespective of the presence of hypertension or CKD stage
« with non-diabetic CKD and hypertension and ACR =30 mg/mmol or PCR =50 mg/mmol

Control BP to target:

+ 120—139/<90 mmHg in non diabetic people with ACR <30 mg/mmol

+ 120-129/<80 mmHg in people with diabetes or when the ACR is =70 mg/mmol

Use therapies to reduce proteinuria

Manage diabetes according NICE clinical guidelines CG15 and CG66

Modify comorbidities

Reduce risk of cardiovascular disease (control BP; use anti-platelet therapy where indicated)

Manage diabetes according to NICE guidelines

Encourage exercise and smoking cessation

Prevent and treat osteoporosis in people with CKD (offer bisphosphonates if indicated in stages 1-3B)

If vitamin D supplementation is indicated in people with CKD:
- offer cholecalciferol or ergocalciferol to people with stage 1, 2, 3A or 3B CKD
- offer 1a-hydroxycholecalciferol (alfacalcidol) or 1,25-dihydroxycholecalciferol (calcitriol) to people with stage 4 or 5 CKD.

Education and psychological support (see section 15) — for example:

What CKD is and how it affects people

What questions people should ask about their kidneys when they attend clinic

What treatments are available for CKD, what are their advantages and disadvantages

What complications or side effects may occur as a result of treatment/medication

What people can do to manage and influence their own condition

Information about the ways in which CKD and the treatment may affect people’s daily life, social activities, work opportunities and financial
situation, including benefits and allowances available

Information about how to cope with and adjust to CKD and sources of psychological support

Drugs that should be used with caution or at reduced dose in people with CKD

Refer for specialist assessment (see section 7)

ACR =70 mg/mmol or PCR =100 mg/mmol unless explained by diabetes and already appropriately treated

ACR =30 mg/mmol or PCR =50 mg/mmol together with haematuria

Rapidly declining eGFR (>5 ml/min/1.73m? in one year, or >10 mI/min/1.73m? within 5 years)

Hypertension that remains poorly controlled despite the use of at least 4 anti-hypertensive drugs at therapeutic doses
People with, or suspected of having rare or genetic causes of CKD

Suspected renal artery stenosis

All people with stage 4 or 5 CKD

Prevent uraemic complications (see sections 13 and 14)
Identify anaemia — check haemoglobin (stage 3B, 4, and 5 CKD)
Monitor calcium, phosphate and PTH (stage 4 and 5 only)

Education about treatment options in stage 5
CKD and preparation for RRT (see section 15)
Importance of:

 informed choice

- timely access placement

- timely RRT

« end-of-life care

Figure 3.1 Investigations and interventions at different stages of CKD. This algorithm should be used as an aide memoire in primary
care to trigger various investigations and interventions relevant for people in different stages of CKD. Stages of CKD are shown from left to right and
activities appear as horizontal bands, some of which are more relevant to early or late disease, as indicated by their positioning and by the graded
shading. BP = blood pressure; NSAID = non-steroidal anti-inflammatory drug; PTH = parathyroid hormone.
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Targeted identification

Risk factors for CKD (excluding diabetes) including:
* hypertension

» nephrotoxic drugs, e.g. lithium, calcineurin inhibitors,
chronic NSAID use

cardiovascular disease

structural renal tract disease, renal calculi or prostatic
hypertrophy

family history of stage 5 CKD or hereditary kidney disease Incidental abnormal test result

multisystem disease with potential kidney involvement,

e.g. SLE L .
* opportunistic haematuria or proteinuria Abr:::);rF?al Prot(_em in BIoc_)d n
If none of the above, do not use age, gender or ethnicity e urine urine

as risk markers.

v Y Exclude
infection or
urological
cause

» Measure eGFR
» Send urine for ACR (or PCR)

<

» Monitor GFR in people
prescribed drugs known

Y

to be nephrotoxic such as Y

c.al?meurln inhibitors and If €GFR <60, repeat within If ACR is 30—7(_) or PCR is 50-100, confl_rm

lithium. 14 davs on early morning sample and check urine
» Check GFR at least A for haematuria using reagent strip

annually in people
receiving long-term

systemic NSAIDs. \ \i
Blood results
eGFR =60 eGFR =60 eGFR 30-59 eGFR <30
No risk factors for | Risk factors for CKD | Confirmed by a| Confirmed by a
CKD repeat test within | repeat test within
14 days 14 days

Repeat eGFR in

ACR <30/PCR <50 | No further action % e

ACR 30-69

or PCR 50-99
Confirmed on early
morning sample

+ no haematuria

ACR 30-69

or PCR 50-99
Confirmed on early
morning sample
+ haematuria

Follow recommendations in this guideline on the
management and monitoring of CKD

Urine results

Consider referral for specialist opinion

ACR =70
or PCR =100

*See pages 33 and 147 for management of isolated invisible haematuria.

Figure 3.2 Identification, diagnosis and referral of patients with CKD but without diabetes. eGFR is expressed as mi/min/1.73m2.
Albumin:creatinine ratio (ACR) and protein:creatinine ratio (PCR) are expressed as mg/mmol.
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3 Key messages of the guideline

Assess patients with diabetes

annually
Obtain eGFR and ACR

\

Suspect renal disease other than diabetic
nephropathy if:

- evidence of kidney disease and no

significant or progressive retinopathy Not diabetic
+ BP particularly high or resistant to nephropathy
treatment I Refer to
+ ACR >70 when previously normal renal specialist

+ significant haematuria

+ eGFR has worsened rapidly

+ evidence of kidney disease and person is
systematically unwell

Y
Blood results
eGFR >60 eGFR 30-59 eGFR <30
Manage according to
recommendations for
Reassess patient non-diabetic renal
ACR <2.5 (men), annually disease according to
or Obtain eGFR and ACR stage of disease
Follow NICE diabetes Follow NICE guidelines
ACR <3.5 (women) guidelines* 15 and 66
Including referral
Refer to renal specialist

Check for haematuria

Consider diabetic nephropathy

] If confirmed:

= - offer ACE inhibitor (or ARB if intolerant) unless

g contraindications Refer to renal
q:, + treat blood pressure (aim for 120-129/<80 mmHg) specialist
-E—_’ ACR 22.5 (men) | . treat HbA, ; to target

treat hyperlipidaemia to target®
or | * continue to monitor eGFR and ACR at least annually

ACR =3.5 (women) Blood pressure and Blood pressure and
HbA,  treated to target HbA, not on target
Y Y
Refer to:

Continue primary care
management of
diabetes* and diabetic
nephropathy

- diabetes specialist

+ renal specialist if
suspicion of non-
diabetic renal disease

*See NICE clinical guidelines on type 1 diabetes (http//:www.nice.org.uk/CG15) and type 2 diabetes (http//:www.nice.org.uk/CG66).

Figure 3.3 Diagnosis and referral of patients with CKD and diabetes. eGFR is expressed as ml/min/1.73m2. Albumin:creatinine ratio
(ACR) is expressed as mg/mmol.
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Investigation of CKD

Measurement of kidney function

Clinical introduction

The glomerular filtration rate (GFR) is equal to the sum of the filtration rates in all of the
functioning nephrons and is the best index of overall kidney function. Knowledge of GFR is
essential for the diagnosis and management of CKD and is a translatable concept. Because a
normal GFR is roughly 100 ml/min/1.73 m?, we can explain kidney function to patients and
carers in terms of a percentage of normal — a more easily understandable concept than GFR.

The gold standard methods of estimating GFR require measurement of an ideal filtration
marker. These markers should be freely filtered by the glomerulus, should not be bound to
plasma proteins, must be excreted unchanged and not be subject to either tubular secretion or
absorption. Commonly used markers include inulin, >!Cr-EDTA, !2°I-iothalamate and iohexol.
Gold standard methods of assessing GFR are technically demanding, expensive, time
consuming and unsuitable for widespread identification of CKD in the ‘at risk’ population.

At the other end of the accuracy scale lies measurement of serum creatinine, which is a
universally available endogenous test of kidney function. Although easy and cheap to measure,
creatinine is subject to non-renal and analytical influences which make it insufficiently sensitive
to detect moderate CKD on its own. Measurement of 24-hour urinary creatinine clearance
improves the accuracy but is also subject to the same non-renal and analytical influences
compounded by inaccuracies in urine collection, to say nothing of the inconvenience associated
with 24-hour urine collections. An alternative and more accurate endogenous marker is
cystatin C, a 13 kDa cationic protein produced by all nucleated cells. Serum cystatin C levels are
chiefly determined by GFR. Potential limitations of cystatin C as a marker of GFR include lack
of assay standardisation, the requirement for a dedicated analytical system, and increased costs
relative to serum creatinine (approximately £3/assay compared to <£0.10/assay).

A further alternative is to measure serum creatinine and estimate GFR using an equation which
corrects for some of the more significant non-renal influences. This approach is known to be
more sensitive for the detection of CKD than serum creatinine and more accurate than
creatinine clearance.

So what have previous guideline groups recommended? The SIGN guidelines*? recommended
use of prediction equations in place of 24-hour creatinine clearance or serum creatinine alone
and preferred prediction equations to cystatin C on the grounds of practical and resource
considerations. The Modification of Diet in Renal Disease (MDRD) equation was preferred to
the Cockcroft-Gault formula. The UK CKD guidelines and the UK consensus conference
recommended use of the 4-variable MDRD equation using zero biased creatinine methods.3%34
Others (KDOQI, CARI and KDIGO)!%35-37 have recommended that serum creatinine should
not be used alone to assess kidney function, that creatinine assays should be traceable to a
reference creatinine method, and that an estimated GFR should be reported by laboratories

alongside the serum creatinine measurement using the 4-variable MDRD equation.

What is the best diagnostic test to measure renal function in routine clinical practice?
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Methodology

Due to the large volume of studies in this area, studies were included if the sample size was
greater than 100, gold standard tests were used as the reference test, and bias, accuracy,
sensitivity, specificity, positive and negative predictive values, test correlation, or diagnostic
accuracy (area under the receiver—operator curve (ROC)) outcomes were reported. For studies
comparing the MDRD predictive equation with other equations, the serum creatinine
measurements had to be calibrated to the MDRD laboratory reference standard. Two
exceptions to the sample size cut-off were the studies that evaluated the GFR equations in older
people.?®3° Publications that reported on the accuracy of tests in dialysis or renal replacement
patients were excluded.

Five studies#0-44

that evaluated the accuracy of serum cystatin C were excluded because gold
standard tests were not used as the comparator or because creatinine (the MDRD equation) was

not calibrated properly to the MDRD laboratory reference values.

Nine studies38-41:45-49

that evaluated the accuracies of predictive equations in estimating GFR
were excluded due to methodological limitations or because the serum creatinine measurements

were not calibrated to the MDRD assay as determined by isotope-dilution mass spectrometry.

Five studies®0-5>4

assessing the accuracies of the MDRD equation and the Cockcroft-Gault
equation in predicting the glomerular filtration rate were included. These were conducted in
large sample sizes (N=219 to 2095) and were quite heterogeneous in terms of the population
studied: older populations, diabetic nephropathy, mild renal impairment, moderate renal
impairment, or healthy populations. Differences in performances of the equations may be
explained by the different populations in which the equations were derived, and multiple

sources of measurement variation when measuring creatinine.

Health economics methodology
No health economics papers were found to review.

The estimated reagent costs for some of the tests were presented to the GDG. Cystatin C was the
most expensive followed by the creatinine-based technology. However these costs do not take
into account all overheads. Furthermore, there are economies of scale if reagents are used in
large quantities.

Evidence statements
Cystatin C concentration versus predictive equations (MDRD or Cockcroft-Gault)

Two cross-sectional studies*®*! that compared cystatin C to the MDRD and Cockcroft-Gault
equations were excluded because the serum creatinine measurements were not calibrated to the
MDRD assay.

Comparisons of predictive equations for estimating GFR

Five studies compared the performances of the Cockcroft-Gault and the MDRD equations in
predicting GFR. The values of several diagnostic parameters are summarised in Table 4.1.
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Table 4.1 Summary of predictive equations to estimate renal function

Test correlation

Evidence Bias Sensitivity with gold
Study level N (mlV/min/1.73m?) (%) Specificity (%) Accuracy (P30) standard
52 1b + 2095 MDRD MDRD Both MDRD and MDRD 92% MDRD (r=0.910)
(CKD + —0.99 ml/min/ (78.9%) , Cockcroft-Gault  CG 88% in Cockcroft-Gault
kidney 1.73 m2, p=0.001 CG (67.6%) in  equations had people with (r=0.894)
donors) CG 1.94 ml/min/ stage 4 CKD similar GFR >60 ml/min/
1.73 m2, p<0.0001 MDRD (64.8%) specificities 1.73 m2.
Bias was greater CG (43%) in across the People with
for MDRD equation stage 5 CKD 5 stages of CKD GFR <60 ml/min/
(-6.2 ml/min/1.73 m?) (approx. 90%).  1.73 m? (82%
than the Cockcroft- MDRD versus
Gault equation 69% Cockcroft-
(-0.3 ml/min/1.73 m?) Gault).
in patients with a
measured GFR
>90 ml/min/1.73 m2.
The MDRD equation
was less biased than
the Cockcroft-Gault
equation in patients
with stage 3, 4, or
5 CKD.
The MDRD equation
was significantly less
biased than the
Cockcroft-Gault
equation when
patients were analysed
by age (above or
below 65 years) and
gender (p<0.0001).
51 1b + 219 MDRD 2275 arbitrary NR NR MDRD 62% vs  NR
(CKD + units vs CG 630 CG 48.8%,
non- arbitrary units p<0.01
CKD)
53 I+ 1286 MDRD — 22 vs NR NR When GFR NR
(type1 CG -6 >120 MDRD 97%
diabetes) CG 87%,
p<0.001.
When
GFR <120
MDRD 82%
CG 92%, p<0.001
54 1b + 1628 MDRD 0.2 vs MDRD 97 vs MDRD 70 vs MDRD 90% NR
(CKD) CG -7.3 CG 85, CG 88, p<0.001  (95% CI 89-91)
When GFR >90 p<0.001 vs CG 60%
MDRD -3.0 vs (95% Cl 58-62)
CG -21.8
50 1b + 828 MDRD -0.5 vs NR NR MDRD 71% CKD group:
(CKD) CG 3.5, p< 0.001 CG 60%, MDRD (r=0.90)
457 p<0.001 and CG (r=0.89).
(kidney Kidney donor
donors) control group:

MDRD (r=0.36)
CG (r=0.41)

NR = not reported.

27



Chronic kidney disease

28

>

Test correlation

Regression analysis was used to determine the correlation between GFR measured by the gold
standard test and GFR calculated using the MDRD or Cockcroft-Gault predictive equations.
Two studies®>>? showed that both the MDRD and Cockcroft-Gault equations correlated highly
with the measured GFR in people with CKD, often with no statistical difference between the
correlation coefficients for the MDRD and Cockcroft-Gault equations. Both MDRD and
Cockcroft-Gault equations correlated poorly with the gold standard test in renal donors. *°

(Level 1b +)

Bias

In diabetic populations®® and in CKD populations,’®>! the MDRD equation often under-
estimated the measured GFR. The Cockcroft-Gault equation often overestimated the GFR.
(Level 1b +)

In CKD populations, the MDRD equation was superior to the Cockcroft-Gault equation in
terms of bias.’*>>>4 The MDRD equation slightly underestimated the measured GFR, while the
Cockcroft-Gault equation significantly overestimated the GFR (-0.5 vs. 3.5 ml/min/1.73 m?,
p<0.001). The MDRD equation was also significantly less biased than the Cockcroft-Gault
equation in the nondiabetic CKD (N=579) subgroup, the diabetic CKD (N=249) subgroup,
and in people with a measured GFR <30 ml/min/1.73 m? (N=546) (p<0.001 in each group).
(Level 1b +)

The MDRD and Cockcroft-Gault equations were significantly more biased in people with GFR
>60 ml/min/1.73 m? (N=117). The MDRD equation underestimated the measured GFR, while
the Cockcroft-Gault equation significantly overestimated the GFR (-3.5 vs. 7.9 ml/min/
1.73 m?, p<0.001). In the kidney donor control group (N=459), the Cockcroft-Gault equation
was superior to the MDRD equation in terms of bias (1.9 vs. —9.0 ml/min/1.73 m?, p<0.001).>°
(Level 1b+)

Sensitivity and specificity

Two studies®®4

reported sensitivity and specificity outcomes for the MDRD and Cockcroft-Gault
equations. The MDRD had higher sensitivity than the Cockcroft-Gault equation. Specificity was

similar for the two predictive equations. (Level 1b+)

Accuracy (P30)

Five studies®0->4

reported the percentage of estimated GFR values falling within 30% of the
GFR values measured by the gold standard test. Generally, the MDRD equation was more

accurate than the Cockcroft-Gault equation. (Level 1b+)

Area under the ROC

Area under the ROC values is a measure of the overall diagnostic accuracy or power of a test.
The MDRD equation had significantly higher diagnostic accuracy (AUC=0.961) than the
Cockcroft-Gault equation (AUC=0.942, p<0.01). >* (Level 1b+)
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From evidence to recommendations

The evidence suggests that in general the 4-variable MDRD performs better than the Cockcroft-
Gault equation. However, in older people and in people with GFR greater than 60ml/min/
1.73 m? the MDRD is subject to bias and can underestimate GFR.

The GDG noted that serum creatinine is correlated with muscle mass and therefore estimation
of GFR using prediction equations in people with extremes of muscle mass is subject to
inaccuracy. In those with increased muscle mass GFR will be under estimated and in those with
reduced muscle mass GFR will be over estimated.

Gold standard measures of GFR are time consuming and expensive to perform but where a
highly accurate measurement of GFR is required, for example in assessment of kidney donors
or for accurate calculation of dosing of potentially toxic chemotherapy, the evidence suggests
that GFR estimated from prediction equations is insufficiently accurate.

The GDG agreed that significant changes in GFR are equally important in those individuals
with GFR greater than 60 ml/min/1.73 m?. Where laboratories do not report levels of GFR
greater than 60 ml/min/1.73 m? the GDG considered that a rise in serum creatinine of greater
than 20% should be considered significant.

Although the original MDRD equation included a correction factor for the American black
population, there are no correction factors for other populations and in routine use the derived
GFR is not corrected for any ethnicity other than African-Caribbean.

Although most laboratories would be capable of measuring cystatin C concentrations there is
no evidence to suggest that it was more useful than using the MDRD, with the caveat that
existing evidence comparing cystatin C and the MDRD failed to appropriately calibrate serum
creatinine measurements to the method of the MDRD laboratory. Cystatin C measurement is
also currently more expensive.

RECOMMENDATIONS

Whenever a request for serum creatinine measurement is made, clinical laboratories should
report an estimate of GFR (eGFR) using a prediction equation (see recommendation R2) in
addition to reporting the serum creatinine result.*

Use the isotope dilution mass spectrometry (IDMS)-traceable simplified MDRD equation to
estimate GFR, using creatinine assays with calibration traceable to a standardised reference
material. Ideally use creatinine assays that are specific and zero-biased compared to IDMS
(e.g. enzymatic assays). When non-specific assays are used (e.g. Jaffe assays), employ
appropriate assay-specific adjustment factors to minimise between-laboratory variation

(e.g. those provided by national external quality assessment schemes).

Where indicated, apply a correction factor for ethnicity to reported GFR values (multiply
eGFR by 1.21 for African-Caribbean ethnicity).**

Interpret reported values of eGFR =60 ml/min/1.73m? with caution, bearing in mind that
estimates of GFR become less accurate as the true GFR increases.

* eGFR may be less reliable in certain situations (for example, acute renal failure, pregnancy, oedematous
states, muscle wasting disorders, amputees and malnourished people) and has not been well validated in
certain ethnic groups (for example, Asians and Chinese).

™ In practice this correction factor should also be applied to those of African ethnicity.
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Where eGFR is simply reported as =60 ml/min/1.73m?, use a rise in serum creatinine
concentration of >20% to infer significant reduction in renal function.

Where a highly accurate measure of GFR is required (e.g. during monitoring of
chemotherapy and in the evaluation of renal function in potential living donors), consider a
gold standard measure (inulin, >1Cr-EDTA, 12°I-jothalamate or iohexol).

In cases where there are extremes of muscle mass (e.g. body builders, amputees, muscle
wasting disorders) interpret the eGFR with caution. (Reduced muscle mass will lead to over-
estimation and increased muscle mass to under-estimation).

Factors affecting the biological and analytical variability of
GFR estimated from measurement of serum creatinine

Clinical introduction

The measurement of serum creatinine to estimate GFR with predictive equations is subject to
biological and analytical variation.

Biological variation includes random variation and predictable cyclical variation (daily, monthly,
seasonal). Within-subject biological variation is the average random fluctuation around a
homeostatic set point, expressed mathematically as a coefficient of variation (CV).>> Large
variations in serum creatinine measurements could result in misclassification of people to a
particular CKD stage. Factors affecting measured serum creatinine concentration and estimated
GFR from prediction equations include ingestion of cooked meat (where the cooking process
converts meat creatine to creatinine, which is subsequently absorbed into the bloodstream after
ingestion), individual patient fluid status, diurnal variation, and centrifugation of blood samples.

Plasma creatinine measurements also vary depending on the method/analyser used and there is
inter-laboratory variation which changes with creatinine concentration. There is no (single)
standard method used across England. Method precision at higher levels of creatinine has less
variability and thus has marginal impact on the interpretation of eGFR from prediction
equations. However, in the critical diagnostic range there is concern that inter-method/laboratory
variation may impact on the diagnostic utility of eGFR. This is probably at creatinine
concentrations of less than 180 umol/l. If creatinine levels are overestimated because of method
bias/variability this will result in a reduced eGFR (false positives) and misclassification of CKD.
This will lead to increased referral rates and inappropriate labelling of patients as having CKD. If
creatinine levels are underestimated, the reverse will happen (false negatives).

Since April 2006, creatinine assays in chemistry laboratories in England have been calibrated to
the gold standard reference method of isotope dilution mass spectrophotometry (IDMS)
through the National External Quality Assurance Scheme. This has enabled reporting of an
IDMS-related MDRD derived eGFR to minimise interlaboratory variation in GFR results. This
section addresses other sources of bias and variation in creatinine measurement.

In adults with CKD, what is the biological and analytical variability in eGFR testing and what
factors (including fasting) affect it?

Methodology

Three case series investigated the biological and analytical variation of serum creatinine
measurements in people with CKD>%%7 or with type 1 diabetes.”®
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Two studies examined the effect of delayed centrifugation of outpatient blood samples on the
measurement of serum creatinine concentration by the kinetic Jaffe reaction or by enzymatic
methods. The effect of delayed centrifugation of blood samples on GFR estimation was
determined.>%0

Two case series investigated the diurnal variation in serum creatinine measurements in
72 patients with varying degrees of renal disease®! and in 9 healthy people.6?

Two case series evaluated the effect of a cooked meat meal on serum creatinine concentration
in healthy subjects and outpatients®® or in adults with diabetic nephropathy.®* Two earlier
studies examined changes in serum creatinine following ingestion of relatively large portions of
cooked meat (300g) or raw meat (300g) or non-meat meals in six healthy volunteers.®>6°

Health economics methodology

There were no health economics papers found to review.

Evidence statements

Biological variation of serum creatinine

The intra-individual biological variation of creatinine measurements was significantly higher in
people with CKD (N=17, coefficient of variation (CV)=5.3%) than in healthy people (N=24,
CV=2.7%, p<0.01).>”

The CV for serum creatinine for nine people with CKD on all occasions was 61.9%. The average
analytical variation for serum creatinine was 0.1% of the total variance. The average intra-
individual biological variation of creatinine measurements was 1.1% of the total variance.>®

(Level 3)

The intra-individual biological variation of creatinine measurements was significantly higher in
women with type 1 diabetes (N=11, CV=6.53%) than in healthy women (N=14, CV=2.81%,
p<0.01). The intra-individual biological variation of creatinine measurements was significantly
higher in men with type 1 diabetes (N=16, CV=5.88%) than in healthy men (N=10, CV=2.64%,
p<0.01). >8 (Level 3)

Diurnal variation of serum creatinine concentration

In non-fasting healthy participants (N=9) or in non-fasting paralysed participants (N=4),
the creatinine concentration increased significantly during the day, peaking at 19:00 (p<0.001).
The creatinine concentration then decreased after 19:00 to 7:00 the next morning. In fasting
participants (N=9), there was a small but significant decrease in creatinine concentration
between 7:00 and 13:00 (p<0.02) and there was no increase in serum creatinine during the rest
of the time course.%? (Level 3)

In people with inulin clearance =90 ml/min (N=38), the serum creatinine concentration was
significantly greater in the afternoon than in the morning (mean difference 0.087 mg/100 ml,
p<0.001). By contrast, there was non-significant (NS) difference in serum creatinine
concentration between morning and afternoon in people with inulin clearance <90 ml/min
(N=34, mean difference 0.035 mg/100 ml).! (Level 3)

Effect of cooked meat on serum creatinine concentration and eGFR

Four studies showed that ingestion of a cooked meat meal caused a significant increase in serum
creatinine concentration. Following a cooked meat meal (N=6 healthy subjects), the mean serum
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creatinine concentration significantly increased (86 pumol/l at baseline to 175 pmol/l 3 hours
postprandially, p<0.001). The creatinine levels then declined and at 10 hours postprandially, the
levels stabilised, but did not return to baseline levels. Following a non-meat meal or a raw beef
meal, the serum creatinine concentration was relatively unchanged.65 (Level 3)

Following a cooked meat breakfast (N=6), the mean serum creatinine concentration
significantly increased from baseline to 2 to 4 hours postprandially (52% increase, range
36-65%). The creatinine levels slowly declined and returned to baseline by 12 hours. By
contrast, following either a high or low non-meat protein breakfast (control), serum creatinine
remained stable.?® (Level 3)

In 10 people with diabetic nephropathy, the mean serum creatinine concentration significantly
increased from baseline (167 umol/l) to 180 pmol/l in 2 hours (p<0.001) following a cooked
meat meal.®* (Level 3)

Following a cooked meat lunch (N=32 healthy volunteers and outpatients), the median serum
creatinine concentration significantly increased from baseline by 18.5 pmol/l 3 to 4 hours
postprandially (p<0.0001). The median eGFR significantly decreased from baseline by 20 ml/min/
1.73 m? 3 to 4 hours postprandially (p<0.0001). Following a meat meal, 11 people changed from
a pre-prandial eGFR >59 ml/min/1.73 m? to a postprandial eGFR of <60 ml/min/1.73 m?,
erroneously placing them in stage 3 CKD. By contrast, following a vegetarian lunch (N=23), there
was a NS change in median serum creatinine concentration; and there was a small but significant
increase in eGFR from baseline (preprandial) to 3—4 hours postprandially (3.5 ml/min/1.73 m?,
p=0.006).9> (Level 3)

Effect of delays in centrifugation of blood samples on serum creatinine
concentration and eGFR

Two studies showed significant increases in creatinine concentration after a 10- to 24-hour
delay in centrifugation of blood samples (kinetic Jaffe method used to assay creatinine). By
contrast, the creatinine concentration remained stable, regardless of the delay in centrifugation,
when assayed with enzymatic methods.”>® From the 24-hour delay experiment (N=113
outpatients), mean creatinine concentration significantly increased from baseline (85 pmol/l)
to 24-hour delay (95 umol/l, 11% increase, p<0.0004).%° (Level 3)

With a 16 hour delay in centrifugation, 4 out of 7 volunteers with baseline stage 1 CKD had
changed to stage 2. After a 36 hour delay in centrifugation, 7 out of 7 volunteers had changed
from stage 1 to stage 2 CKD. After a 24-hour delay in centrifugation of samples (N=113
outpatients), mean eGFR significantly decreased from baseline (eGFR 85 ml/min/1.73m?) to
24-hour delay (eGFR 75 ml/min/1.73m?, 13% decrease, p<0.0001). The CKD staging of 32%
of the participants changed after a 24-hour delay in centrifugation of blood samples: 26% went
from stage 1 CKD to stage 2, and 6% went from stage 2 to stage 3 CKD.?" (Level 3)

In 21 patients where the delay in centrifugation of blood samples exceeded 10 hours, the eGFR
significantly decreased (p<0.001). This resulted in a change in CKD classification in 4 of these
cases.”® (Level 3)

From evidence to recommendation

The GDG noted that although the biochemical assay for creatinine is precise, a number of factors
affect serum creatinine levels, particularly the person’s state of hydration and whether they had
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recently eaten meat. Serum creatinine concentrations also show diurnal variation. This means that
the eGFR derived using the 4-variable MDRD equation will also be affected by these factors.

When making a diagnosis of CKD, assessing the stage of CKD, or monitoring patients for
evidence of declining kidney function, it is important that clinicians are aware of the factors
that can influence creatinine concentrations. It was recommended that whenever possible they
take steps to minimise the biases that these factors introduce and that they are aware that
changes of less than 5% may simply be due to biological and analytical variability.

Whilst a simple solution to the variability introduced by eating meat would be to recommend
an overnight fast before having a blood sample taken, it was agreed that this was unnecessarily
restrictive.

RECOMMENDATIONS

Advise people not to eat any meat in the 12 hours before having a blood test for GFR
estimation. Avoid delaying the despatch of blood samples to ensure that they are received and
processed by the laboratory within 12 hours of venepuncture.

An eGFR result below 60 ml/min/1.73 m? in a person not previously tested should be
confirmed by repeating the test within 2 weeks. Make an allowance for biological and
analytical variability of serum creatinine (£5%) when interpreting changes in eGFR.

Measurement of eGFR: how often?2

Annually in all at-risk groups.

During intercurrent illness and peri-operatively in all patients with CKD.

Exact frequency should depend on the clinical situation. The frequency of testing may be reduced where
eGFR levels remain very stable but will need to be increased if there is rapid progression.

Stage eGFR range (ml/min/1.73m?2) Typical testing frequency
1 and 2 =60 + other evidence of kidney disease 12 monthly

3A and 3B 30-59 6 monthly

4 1529 3 monthly

5 <15 6 weekly

2 The information in this table is based on GDG consensus and not on evidence.

Detection of blood and protein in the urine

Clinical introduction

The persistent presence of protein (proteinuria), albumin (albuminuria), or red blood cells
(haematuria) in urine is evidence of kidney damage. Diagnostic tests that can rapidly detect the
presence of protein or red blood cells in urine with high specificity and sensitivity are integral
to the early detection and management of CKD.

Haematuria is defined as the presence of red blood cells (RBCs) in the urine, either visible
(macroscopic haematuria) or invisible and detected by direct microscopy (microscopic
haematuria). A reagent strip test to detect blood in urine provides an instant result and is often
the method of detection of invisible haematuria in the primary care setting.” The reagent strip
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or ‘dipstick’ test is commonly considered to be sensitive for the detection of RBCs below the
defined (microscopic) 3 RBCs per high power field threshold for invisible haematuria. Dipstick
testing of spot urine samples is also used for rapid detection of protein and albumin. However,
reagent strips are subject to false positives because of patient dehydration, exercise, infection,
and extremely alkaline urine. False negative results occur as a result of excessive hydration and
urine proteins other than albumin.

Haematuria can be broadly classified as nephrological or urological in origin. Most forms of
intrinsic kidney disease may result in invisible haematuria. Urological causes include tumours,
urinary tract infection, stone disease and bleeding from benign conditions of the urinary tract.
Inv