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Acute kidney injury in critically ill patients

Acute kidney injury (AKI) is a frequent and severe complication of critical illness. 
Up to 20% of the general intensive care unit (ICU) population develop AKI, and 
AKI is observed in up to 50% of patients admi!ed because of sepsis. While AKI 
in patients not having sepsis as the primary reason for ICU admission carries a 
mortality rate of 45%, mortality rates up to 70% have been reported in septic 
patients with AKI. Since AKI incidence is increasing and co–existing diseases 
will in'uence the severity of illness it is of great importance to put more e$ort 
in the knowledge of pathophysiological processes of AKI but also in the early 
recognition of AKI. 

Biological markers for acute kidney injury and renal 
function

Endogenous biological markers for early recognition of AKI could be helpful. 
Indeed, such markers could guide preventive measures against (ongoing) kidney 
insults, possibly improving morbidity and maybe even mortality of critically 
ill patients. In addition, early recognition of AKI may open opportunities for 
new therapies, which probably need to start as early as possible, i.e., before AKI 
becomes clinically evident or shortly a"er a kidney insult. %e diagnostic values 
of creatinine and urea, the most frequently used biological markers for AKI 
at present, are limited because their plasma levels do not immediate rise with 
development of AKI making them not useful for the early detection of kidney 
damage. One could say that creatinine and urea are delayed measures of renal 
function rather than timely markers for AKI.
Endogenous biological markers for early recognition of recovery of renal function 
could be helpful as well. Early recognition of recovery of renal function gives the 
opportunity to stop renal replacement therapy (RRT), if started. RRT, such as 
continuous veno–venous hemo#ltration (CVVH), is an expensive and labor–
intensive strategy with risks for complications such as blood stream infections, 
bleedings and thrombosis, and should therefore not be applied longer than 
necessary. Moreover, shortening CVVH treatment could also reduce duration of 
ICU stay. Creatinine and urea have the limitation that they are e&ciently cleared 
from the systemic circulation by CVVH, making them useless as biological 
markers of recovery of renal function and consequently in the decision to stop or 
continue renal replacement therapy alike CVVH.
To evaluate the practice of care for AKI patients in Dutch ICU patients, we 
performed a national postal survey on which we report in chapter 2. %e purpose 
of this survey was to evaluate practice of RRT in Dutch ICUs [1]. %e survey 
revealed that ICU physicians and nurses are in charge of RRT in the ICU–se!ing, 
using CVVH as the preferred modality in the vast majority of Dutch ICUs. %e 
survey identi#ed considerable variations in timing of RRT, dose prescriptions, 
stopping rules and anticoagulation strategies. %e absence of adequate biological 
markers of AKI and/or recovery of renal function, at least in part could play a role 
in the variability of care for AKI in critically ill patients.
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Novel biological markers for acute kidney injury and 
renal function

Since currently available biomarkers of kidney function, like creatinine or urea 
can neither be used for early detection of AKI nor for the timely recovery of 
renal function in case of temporarily function–loss, there is urgent need for novel 
endogenous biological markers for AKI and/or renal function in the ICU. Novel 
markers should be sensitive and speci#c for the development of AKI and/or 
regain of renal function, and rapidly measurable on a daily basis. Furthermore, 
such markers should be simply detectable in easily obtainable body 'uids, 
i.e., blood or urine. Ideally, they give insight into the etiology of the insult, are 
helpful in monitoring the response to interventions, and be una$ected by other 
biological variables. Over the last decade, several novel biological markers have 
been suggested to have diagnostic and prognostic properties for AKI in ICU 
patients, including but not restricted to cystatin C (CyC), neutrophil gelatinase–
associated lipocalin (NGAL), and soluble urokinase–type plasminogen activator 
receptor (suPAR). So far, there have not been e$orts into #nding biological 
markers for recovery of renal function.
In chapter 3 and chapter 4 we reviewed the available medical literature on cystatin 
C (CyC) [2] and neutrophil gelatinase–associated lipocalin (NGAL) [3] in 
critically ill patients. For this we searched the medical literature until 2006, at the 
start of a national multicenter project that serves as the basis for this thesis (see 
below). %e literature suggested both CyC and NGAL to be promising biological 
markers of AKI in critically ill patients, possibly allowing early detection. 
However, most studies were performed in small patient groups. Validation of the 
results is highly needed in large preferably multicenter studies. Combination of 
di$erent biological markers could further improve the diagnostic approach using 
biomarkers.
Soluble urokinase–type plasminogen activator receptor (suPAR) is a relatively 
new and promising biological marker of various in'ammatory and infectious 
diseases, including critically ill patients and patients with severe P. falciparum 
malaria. Indeed, studies of patients with the systemic in'ammatory response 
syndrome, sepsis or bacteremia suggest plasma suPAR could serve as a risk 
strati#cation marker for death. %e predictive value of suPAR for development of 
AKI in these patients, however, is largely unknown.
Until now most studies of new biological markers for AKI and/or renal function 
included only selected ICU patient, such as patients a"er cardiac surgery or 
trauma. In these patients the direct cause of AKI as well as its timing are o"en 
well–known. However, in unselected critically ill patients neither the ‘renal 
insult’ nor its timing are known. %is may severely hamper generalizability of 
study results.
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Aim of research presented in this thesis

We hypothesized novel biological markers for AKI and/or renal function to have 
diagnostic and prognostic value in critically ill patients. More speci#cally, we 
hypothesized:
•  Systemic and urinary CyC and NGAL levels to predict AKI as well as need for 

RRT in unselected critically ill ICU–patients
•  Systemic and urinary CyC levels to adequately predict recovery of renal 

function, and as such to be a useful marker in the decision to stop or continue 
RRT in critically ill ICU–patients receiving CVVH for AKI

•  Systemic levels of markers of parasite load combined with suPAR levels 
to predict AKI as well as need for RRT in critically ill patient with severe 
Plasmodium falciparum malaria

To test the #rst two hypotheses we set up a national multicenter observational 
study, called ‘Systemic levels of Cystatin C in critically ill patients with Acute 
Renal Failure study’, in short ‘SCARF’ [4]. %e third hypothesis was tested in a 
cohort of patients with malaria from two previous randomized controlled trials 
[5, 6].

Summary of results

Biological markers for AKI and recovery of renal function in 
critically ill patients
In Chapter 5 we report the results of the ‘SCARF’–study, a prospective 
observational study in 151 ICU patients in 5 hospitals in the Netherlands [4]. 
We hypothesized serum and/or urine CyC levels to predict AKI and need for 
RRT one to two days earlier than the broadly used classi#cation scheme for AKI 
known as the ‘Risk of renal dysfunction, Injury to the kidney, Failure of kidney 
function, Loss of kidney function and End–stage kidney disease’ (RIFLE) in 
patients who #nally developed AKI. RIFLE uses conventional parameters such 
as creatinine and urine output. To test the hypothesis we compared CyC levels 
in serum and urine in the two days prior to development of AKI with CyC levels 
in the #rst two admission days of patients not developing AKI. On day –2, but 
not on day –1, median serum CyC levels were signi#cantly higher in patients 
who developed AKI compared to patients not developing AKI, but the diagnostic 
performance for AKI or the need for RRT was low. Median urine CyC levels were 
not di$erent between patients who developed AKI and those not developing AKI. 
From these results we conclude that serum and urine CyC are poor biomarkers 
for the prediction of AKI or need for RRT.
In chapter 6 we report on a pilot study of 6 patients who received CVVH for 
AKI [7] we hypothesized CVVH to be unlikely to in'uence serum CyC levels. 
In this pilot study we found serum CyC levels actually to decrease a"er initiation 
of CVVH. Also, serum CyC levels increased a"er cessation of CVVH in non–
oliguric patients. From this study we conclude that CVVH a$ects serum CyC 
levels. %erefore CyC seems a poor predictor of residual renal function, but 
larger studies are necessary to conclude this.
In chapter 7 we report the results of a secondary analysis of SCARF, focusing on 
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the prognostic value of CyC in 68 patients who needed CVVH. We hypothesized 
CyC in serum and urine to be useful prognostic biomarkers of renal recovery 
in these patients. For this we measured levels of serum CyC and urine CyC to 
discover a pa!ern in time during and a"er CVVH and we tried to relate these 
levels with creatinine levels in serum and urine. Furthermore we calculated the 
ability of serum CyC and urine CyC to predict renal recovery. On day –3, –2, and 
–1 before stopping CVVH the prognostic performance of serum CyC and urine 
CyC was unacceptably low. %us this secondary analysis of SCARF con#rms the 
#ndings of the pilot study reported on in chapter 6: both serum and urine CyC 
are poor predictors of renal recovery in critically ill patients who need CVVH.
In chapter 8 we report on another secondary analysis of SCARF, focusing on 
the diagnostic value of NGAL [8]. We hypothesized serum and urine NGAL to 
predict AKI and need for RRT one to two days earlier than the RIFLE criteria 
in patients who #nally developed AKI. Alike in the previous analysis of CyC, we 
compared NGAL levels in the two days prior to the development of AKI with 
NGAL levels in the #rst two admission days of patients not developing AKI. 
Serum and urine NGAL on non–AKI days were signi#cantly lower compared to 
serum and urine NGAL on AKI–days. %e diagnostic performance for both AKI 
and need for RRT, however, was low. %us we conclude serum and urine NGAL 
to be poor predictors of AKI or need for RRT in unselected critically ill patients.
In Chapter 11 we report on a secondary analysis of the ’HIgh versus LOw tidal 
volumes in patients without Acute Lung Injury trial’ (HILONALI), a multicenter 
randomized controlled trial of 150 critically ill patients without lung injury at 
onset of ventilation that showed ventilation with lower tidal volumes to prevent 
against development of the acute respiratory distress syndrome (ARDS) [9]. 
Since preclinical and clinical studies of ventilation suggest a role for development 
of ARDS in the pathogenesis of AKI [10, 11] we tested the hypothesis that 
patients who developed lung injury in the HILO trial also develop AKI. Use of 
lower tidal volumes did not a$ect development or worsening of AKI, neither 
using conventional markers of AKI nor using levels of CyC. %us development 
of AKI seems independent from development of ARDS or ventilator se!ings in 
critically ill patients without lung injury at onset of ventilation.

Biological markers for AKI in patients with severe P. falciparum 
malaria
In chapters 9 and 10 we focused on the predictive and prognostic value of the 
biological markers in patients with severe P. falciparum malaria. In chapter 9 [12] 
we report on a secondary analysis of samples and clinical data from 163 patients 
who were previously randomized in two trials of malaria treatment [5, 6]. First, 
we tested whether NGAL can adequately predict development of AKI and need 
for RRT in these patients. In this study we compared the area under the curve of 
the receiver operating characteristic curve of NGAL with that of conventional 
laboratory indices of AKI. %is study showed creatinine to have a be!er AUC 
than NGAL.
In chapter 10 we determined the diagnostic value of plasma suPAR levels in 
the same cohort of patients as described in chapter 10.  We compared plasma 
suPAR levels, as a proxy–measure of mononuclear cell activation, and plasma 
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P. falciparum histidine rich protein 2 (PfHRP2) levels, as a measure of sequestered 
parasite burden. Multivariate analysis shows that both suPAR and PfHRP2 are 
independently associated with urine neutrophil gelatinase-associated lipocalin 
concentration, a marker of acute tubular necrosis, from which we conclude 
that both sequestered parasite burden and immune activation correlate with 
development of AKI in severe falciparum malaria.

Discussion

%e purpose of the investigations described in this thesis was to seek for answers 
to two relevant questions in ICUs in resource–rich se!ings, i.e., can new biological 
markers play a role in early recognition of AKI, and can new biological markers 
predict recovery of renal function in patients who receive CVVH? A second 
aim was to answer a relevant question in ICUs in resource–poor se!ings, i.e., 
can novel biological markers predict development of AKI and need for RRT in 
patients with severe P. falciparum malaria?
Both CyC and NGAL have been suggested promising endogenous biological 
markers for AKI in ICU patients. Notably, those studies that suggest good 
diagnostic properties of CyC or NGAL were all on patients in whom timing 
of the kidney insult was known or predictable, i.e., patients undergoing cardiac 
surgery. Results from the prospective observational SCARF study suggests 
that neither CyC nor NGAL are useful biological markers for AKI and need 
for RRT. %e patient population in SCARF is rather heterogeneous. We believe 
this cohort be!er re'ects the patient populations seen in the ICU in whom the 
abovementioned questions are relevant. Based on the #ndings in the SCARF 
study and its secondary analyses we conclude CyC and NGAL cannot serve as 
biological markers in clinical practice.
It should be noted that the SCARF–study was a rather small study. Also, we 
sampled only every other day from day 2 a"er ICU admission. We could have 
missed peak values of both CyC and NGAL. In addition, misclassi#cation of AKI 
could have happened because we used MDRD–based preadmission creatinine 
as baseline, but also because the RIFLE scoring system may not be an adequate 
‘gold standard’ for AKI. 
CyC was suggested a promising endogenous biomarker for recovery of renal 
function in ICU patients treated with CVVH because of AKI, since previous 
investigations reported CVVH not to remove CyC from blood, opposite to e.g., 
creatinine or urea. However, results from the prospective observational SCARF–
study suggest that CyC is not a useful biological marker for recovery of renal 
function.
%e secondary analysis that tested the last hypothesis considered a smaller 
cohort of patients than in the original SCARF analysis. Unfortunately, inspection 
of individual patient plots of CyC levels over time showed a large variation of 
CyC levels with unclear changes before termination of CVVH, i.e., levels could 
rise, decline, or remain unchanged, but unrelated to the success of CVVH stop. 
It could be that CVVH–#lters could vary in their ability to #lter CyC levels. %is 
was not controlled in SCARF, i.e., the participating centers could use di$erent 
CVVH–#lters.
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As suPAR has a good prognostic value in patients with the systemic in'ammatory 
response syndrome, sepsis or bacteremia, we speculated suPAR to have pathogenetic 
role in patients with severe P. falciparum. %e investigation described in this thesis 
suggests this to be true. But a prognostic value for suPAR with AKI in this speci#c 
patient group was not con#rmed. Of note, measuring this biological marker is more 
di&cult and also more expensive than measuring creatinine, which will restrict its 
use in resource–poor se!ings.
Notably, seen the retrospective character of the secondary analysis of the  trial in 
patients with severe malaria, it could have been that need for RRT was misclassi#ed. 
Also, this study was a small study. Furthermore, elevated plasma suPAR levels 
have been described in patients with (other) infectious diseases, including HIV–
infections, and HIV–associated infection such as tuberculosis. Unfortunately, 
information on the infection status of these patients, apart from the P. falciparum 
infection, was not available.

Future directives

Is biological marker research synonym to ‘#nding Nemo in an ocean of molecules’? 
And are researchers too much focusing on the performance of one single biological 
marker? One recent investigation elegantly followed a more clinical approach 
of biomarker research for AKI [13]. In contrast to other well–understood 
pathophysiological processes underlying certain diseases or complication, AKI 
is characterized by a diversity of underlying pathophysiological processes. In 
this research, the investigators tested the value of a panel of biological markers in 
critically ill patients with and without AKI. %is has the bene#t of testing in a ‘model’ 
that is identical to the clinical context. %e additive e$ect of the use of more than 
one biological marker lies in the fact that small di$erences in the multifactorial 
character of AKI is best expressed in a panel of markers than one single marker. For 
example, researchers recently found out of 300 biological markers examined two 
top biological markers namely urine insulin–like growth factor–binding protein 
(IGFBP)–7 and tissue inhibitor of metalloproteinases-(TIMP)–2. As a panel they 
act superior to existing biological markers of AKI.
Finally, should we use receiver operating characteristic curves if we evaluate 
predictive values of biological markers? %e diagnostic and prognostic value of 
biological markers as described in recent studies, including those described in this 
thesis, are mostly evaluated with the area under the curve of the receiver operating 
characteristic curve as statistical tool. An increase of the area under curve is used 
as a measure for value added. O"en this increase of AUC is small and therefore 
di&cult to interpret. In addition, most investigators read small increases of AUC 
as disappointing results. Perhaps, other approaches, such as the ‘net bene#t’ that 
uses the ratio between the disadvantages and advantages of a given therapy can be 
used as an additional statistical evaluation tool [14]. In this model a weight is given 
to the ratio, i.e., to the clinical context: how many false positive measurements are 
acceptable to identify one true positive. 
In conclusion, the hypothesis that the biological markers CyC, NGAL and suPAR 
could play a role in early recognition of AKI, need for RRT or recovery of renal 
function in critically ill patients is not supported in studies described in this thesis. 
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Future research could focus on panels of biological markers but also on panels of 
statistical tools to evaluate each novel biological marker.
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