
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biological markers for kidney injury and renal function in the intensive care unit

Royakkers, A.A.N.M.

Publication date
2014

Link to publication

Citation for published version (APA):
Royakkers, A. A. N. M. (2014). Biological markers for kidney injury and renal function in the
intensive care unit. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/biological-markers-for-kidney-injury-and-renal-function-in-the-intensive-care-unit(ea2c150d-999f-44c4-b479-16d493737348).html


11

1
General Introduction and 

Outline of the Thesis

A.A.N.M. Royakkers
P.E. Spronk 
M.J. Schultz



12

chapter 1



13

General Introduction and Outline of the Thesis

1

Introduction

Acute kidney injury, renal function and renal replacement therapy in critically 
ill patients
Acute kidney injury (AKI) is a frequent complication of critical illness. Causes 
of AKI include direct renal toxicity due to nephrotoxic medication and/or 
contrast agents, and injury caused by hypotension and/or hypoperfusion. 
Shock–associated AKI is associated with a mortality rate up to 70%, particularly 
when renal replacement therapy (RRT) is needed [1]. Toxicity–induced AKI is 
associated with a lower mortality rate, but still 45% of patients with this form 
of AKI die [2]. Despite the increased presence of well–educated intensive care 
unit (ICU) physicians and nurses and an increased availability of interventions 
such as continuous veno–venous hemo#ltration (CVVH) in Western countries 
over the last decade, mortality of patients with AKI remains extremely high. %is 
disappointing #nding may be explained by other systemic organ disfunctions 
during critical illness but may, at least in part also be related to the relative late 
start of preventive and/or therapeutic strategies based on changes of biological 
markers which insu&ciently re'ect the presence of kidney injury and/or renal 
dysfunction.
%ere is li!le consensus on when to start renal replacement therapy (RRT) in 
critically ill patients, at least in the Netherlands. Indeed, a nation–wide postal 
survey, the results of which are presented in Chapter 2 in this thesis, revealed 
practice of RRT in Dutch ICUs to be highly variable. Widely–accepted standards 
for the provision of RRT are lacking.

Biological markers of kidney injury and/or renal function
AKI is characterized by a sudden fall in the glomerular #ltration rate (GFR). %e 
GFR is usually estimated using exogenous and/or endogenous markers. Methods 
that use exogenous markers of renal function, such as the inulin clearance, are 
time–consuming and expensive, and therefore not routinely used in the ICU 
se!ing.
%ere are important limitations to methods that use endogenous markers, 
such as creatinine or urea. First, systemic levels of creatinine and/or urea in 
serum and/or urine are neither speci#c for, nor directly related to underlying 
pathophysiological processes in the kidneys, such as in'ammation, apoptosis 
and necrotic cell death. In addition, in critically ill patients the GFR may 
decline rapidly, which may not be timely visualized by a rise of systemic levels 
of creatinine or urea. Furthermore, increased tubular secretion of creatinine may 
initially even prevent a rise of systemic levels of creatinine, thus overestimating 
kidney function in critical illness shortly a"er the insult. Finally, systemic levels 
of creatinine are a$ected by muscle mass, diet, intravascular volume status, and 
vary with age and gender. Similarly, systemic levels of urea are a$ected by various 
disease states, hepatic function and diet.
Notably, there are also important limitations to the use of these endogenous 
markers for recovery of renal function in critically ill patients treated with RRT. 
Indeed, creatinine and urea are e&ciently removed by the hemo#lter. %us, these 
biological markers cannot be used to decide whether to stop or continue RRT.
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Novel biological markers of kidney injury and/or renal 
function

With the knowledge of the limitations of current biological markers and the lack 
of progress in reducing the morbidity and mortality from AKI, there is urgent 
need for novel biological markers of kidney injury and/or renal function. Several 
candidate endogenous biological markers have been suggested over the last 
decade (table 1). %e ideal biological marker of kidney injury and renal function 
in critically ill patients is: a) easily obtainable, b) easily detectable, c) highly 
sensitive and speci#c for the presence of kidney injury, d) rapidly measurable, 
e) capable of early detection, f ) able to give insight into etiology of the insult, g) 
helpful in monitoring the response to interventions, h) be una$ected by other 
biological variables, and last but not least i) a$ordable.
Promising novel biological markers of kidney injury and/or renal function include 
biological markers in blood or urine, such as neutrophil gelatinase–associated 
lipocalin (NGAL), cystatin C (CyC), interleukin (IL)–18, and kidney injury 
molecule (KIM)–1. Biological markers could be used to estimate renal function 
(e.g., systemic CyC), while others could be used to indicate kidney injury (e.g., 
systemic or urine NGAL, KIM–1, and urine CyC) or kidney in'ammation (e.g., 
urine IL–18). More recently, it has been suggested that the soluble form of the 
urokinase plasminogen activator receptor (suPAR) could be of use in predicting 
organ failures including AKI in critically ill patients. 

Cystatin C
%e usefulness of CyC as an endogenous marker of renal function is reviewed 
in chapter 3 of this thesis. CyC is a 13.3–kDa protein produced at a constant 
rate independent of age and muscle mass. CyC is completely #ltrated in the 
glomerulus and metabolized but not secreted in the tubules. %us when the GFR 
decreases systemic levels of CyC rise, even with small reductions in GFR. Studies 
of non–critically ill patients suggest that CyC may serve as an adequate biological 
marker of renal function, even in the early phase of renal impairment [3]. Recent 
studies of critically ill patients suggest that CyC could also be useful as a biological 
marker for renal dysfunction in the ICU–se!ing [4-9]. Furthermore, as clearance 
of CyC by CVVH is low [10], CyC may function even as a biological marker of 
renal function during RRT.

Neutrophil gelatinase–associated lipocalin
%e usefulness of NGAL as an endogenous marker of renal function and/or AKI 
is reviewed in chapter 4 of this thesis. NGAL is a 25–kDa protein covalently 
bound to gelatinase from human neutrophils, which is normally expressed in 
very low concentrations in diverse human tissues, including the kidneys. Levels 
of NGAL exponentially increase when cells are ‘in stress’ (e.g., with in'ammation 
and injured epithelia, including the kidney a"er ischemia reperfusion injury and 
nephrotoxicity). NGAL has been found to be a prognostic marker of AKI in ICU–
patients where timing of kidney injury is known (e.g., as in cardiac surgery [11-13] 
or contrast induced nephropathy [14]). More recently, NGAL has also been found 
a marker of kidney injury in more heterogeneous ICU–populations [15-17].
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Interleukin 18
IL–18 is a 18–kDa cytokine and a mediator of in'ammation in the proximal 
tubulus. In animal studies IL–18 has been found a predictor of acute tubular 
necrosis [18, 19]. In patients a"er renal transplantation, paediatric patients a"er 
cardiac surgery, and patients with lung injury, urine IL–18 levels have been found 
to predict proximal tubular injury [20]. In addition, urine IL–18 levels predict 
AKI in some [21-23], but not all studies [24, 25].

Kidney injury molecule 1
KIM–1 is a membrane protein of epithelial cells in the proximal tubulus only 
expressed with cell damage. Studies of rats show KIM–1 to be a marker of AKI 
induced by nephrotoxic agents [26]. Human studies suggest KIM–1 can be used 
to di$erentiate ischemic kidney injury form pre–renal azotaemia [27, 28]. KIM–
1 has also been suggested to be a good predictor of requirement of RRT [27].

Soluble urokinase–type plasminogen activator receptor
%e suPAR molecule derives from proteolytic release from cell membrane uPAR. 
It is found in diverse body 'uids, including plasma and urine and has been 
suggested to be useful as a prognostic biological marker of various in'ammatory 
and infectious diseases, including sepsis and malaria. In a recent study suPAR had 
prognostic value with respect to prediction of outcome in ICU–patients [29]. 
Previous studies suggest suPAR to be associated with other kidney diseases [29].

Development of biological markers for kidney injury 
and/or renal function

%e development of useful biological markers for kidney injury and/or renal 
function, alike biological markers for other diseases or conditions, follows 5 
phases (table 2).
Phase 1 involves preclinical studies. %e goal is to #nd proteins, potential 
biological markers that are over–expressed in AKI compared with no AKI. Phase 
2 uses receiver–operating curves (ROC) to distinguish patients with AKI from 
individuals without AKI using assays for such proteins. Phase 3 evaluates if these 
biological markers can detect AKI at earlier time points than conventional markers 
(usually the gold standard for AKI). Phase 4 involves large–scale validation of 
biological markers in prospective cohort studies. Finally, phase 5 involves post–
marketing studies in which the assessment of reduction of (morbidity and/or 
mortality of ) AKI is made as a result of the availability of a new test.
Research on biological markers of kidney injury and/or renal function at best 
has reached phase 4. Indeed, until now the potential biological markers CyC, 
NGAL and suPAR have only been tested in highly selective patient populations 
like renal transplantation patients and patients a"er trauma or cardiac surgery. In 
these patients timing of the ‘hit’ or injury usually is well–known. Studies of more 
heterogeneous ICU populations in which the exact moment of kidney injury is 
unknown are scarce or absent.
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Outline of this thesis

%e aims of research performed in this thesis were to test whether the biological 
markers CyC, NGAL and suPAR are useful in the prediction of kidney injury 
in unselected severely ill ICU patients. We also tested whether the biological 
marker CyC is useful in the prediction of renal recovery in patients treated with 
CVVH. In addition, we tested the usefulness of NGAL and suPAR in prediction 
of kidney injury requiring RRT in a cohort of patients with malaria. Finally, we 
used CyC and NGAL to test the hypothesis whether lung–protective mechanical 
ventilation protects against AKI in patients without lung injury at the onset of 
mechanical ventilation.
In Chapter 5 we describe a multicenter observational cohort study evaluating the 
diagnostic and prognostic value of CyC in serum and urine in a heterogeneous 
ICU population in 5 closed–format ICUs in the Netherlands. We hypothesized 
CyC in serum and urine to predict AKI one to two days earlier than the classical 
criteria for AKI. Furthermore we hypothesized these biological markers to 
predict the need for RRT.
Chapter 6 expands on the study described in the previous chapter. We performed 
a pilot analysis of a small subgroup of patients. We hypothesized pre–dilution 
CVVH to be unlikely to have an e$ect on levels of CyC in serum.
In chapter 7 we describe a multicenter observational cohort study evaluating the 
prognostic value of CyC in serum and urine in patients with AKI treated with 
CVVH in 5 closed–format ICUs in the Netherlands. In this study we hypothesized 
CyC in serum and urine to adequately predict renal recovery during RRT.
In chapter 8 we report on a secondary analysis of the multicenter study described 
above. We evaluated the diagnostic and prognostic value of NGAL in serum and 
urine in an unselected ICU–population. Similar as for CyC, we hypothesized 
NGAL in serum and urine to predict AKI and need for RRT one to two days 
earlier than the classical criteria for AKI and RRT.
In chapter 9 and 10 we focused on patients with Plasmodium falciparum malaria 
at risk for AKI. %ese studies comprised patients with severe malaria, enrolled 
in two earlier interventional studies [30, 31]. We hypothesized laboratory tests, 
including NGAL, suPAR and histidine–rich protein (HRP)–2 to predict the 
need for RRT.
In Chapter 11 we describe a secondary analysis of a multicenter randomized 
controlled trial evaluating the e$ect of mechanical ventilator se!ings on the 
development of AKI in critically ill patients without acute lung injury at onset 
of mechanical ventilation. We hypothesized that lung–protective mechanical 
ventilation is associated with reduced kidney injury in critically ill patients 
without ALI at onset of mechanical ventilation. In this study we used serum CyC 
and NGAL to detect AKI.
Chapter 12 summarizes the #ndings of the studies described in the previous 
chapters and gives directions for future research in the #eld of biological markers 
for kidney injury and renal function in critically ill patients.
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sCyC: serum Cystatine C; uCyC: urine Cystatine C; sNGAL: serum Neutrophil gelatinase–
associated lipocalin; uNGAL: urine Neutrophil gelatinase–associated lipocalin; KIM: Kidney Injury 
Molecule; IL-18: Interleukin 18; suPAR: Soluble urokinase–type plasminogen activator receptor
+, the biological marker has clinical value; – the biological marker has no clinical value; ?, the value 
of the biological marker has not yet been investigated, or available data are contradicting 

Table 1. 
Novel biological markers suggested having good accuracy in diagnosing acute kidney injury

Table 2. 
Development of useful biological markers for kidney injury and/or renal function follows 5 phases

Biomarkers non–ICU patients Selected ICU patients Unselected ICU–patients

sCyC + + ?

uCyC + + ?

sNGAL + + ?

uNGAL + + ?

KIM-1 + + ?

IL–18 ? + ?

suPAR ? + ?

Goals Phase Study Design Selected examples of Speci!c Aims

Discovery phase Phase1 Preclinical exploratory Promising directions identi!ed
Clinical assay detects established 
disease

Translational phase Phase 2
Phase 3

Clinical assay and validation 
Retrospective longitudinal

Biomarker detects disease early before 
it becomes clinical obvious
Determine sensitivity/speci!city

Validation phase Phase 4 Prospective screening Use biomarker to screen population
False referral rates are identi!ed

Phase 5 Disease control Impact of screening on reducing the 
burden of disease

Adapted from Pepe, vol 93, issue 14, p 1054-1061
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