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Commentary
Improving Global Outcomes (KDIGO) [1] recently published 

practice guidelines for identification and treatment of patients with 
acute kidney injury (AKI). One important recommendation from the 
KDIGO guidelines was the development of biomarkers that identify 
AKI prior to elevations of serum creatinine, which can take days to 
manifest.   

AKI is one of the most common organ dysfunctions in critically 
ill patients [2] which adversely impacts short- and long-term clinical 
outcomes. It is frequently observed in patients after cardiac surgery 
(CS) involving cardiopulmonary bypass (CPB) [3]. Early diagnosis of 
AKI, preferably within 24 hours after ICU admission, is likely pivotal 
to the development of effective therapies. Traditional biomarkers like 
creatinine are late indicators of AKI, delaying diagnosis by days. 

Several biomarkers for predicting AKI were identified during 
the last decade, but none reached an acceptable level of suitability or 
precision [4]. Many AKI biomarkers, such as neutrophil gelatinase-
associated lipocalin (NGAL), cystatin C, interleukin (IL)-18 and kidney 
injury molecule-1 (KIM-1) have been unreliable in the real world 
setting of general ICU patients [5]. A recent multicenter international 
investigation, the Sapphire study, reported the discovery and validation 
of two G1 cell-cycle arrest biomarkers (CCABs), tissue inhibitor of 
metalloproteinases (TIMP-2) and insulin-like growth factor binding 
protein (IGFBP-7) [6]. When combined, these CCABs detected AKI 
with a high level of accuracy and were found excellent in identifying 
patients at imminent risk of severe AKI [6].

IGFBP-7 is a secreted glycoprotein that binds to insulin growth 
factors [7]. According to the Human Protein Atlas, IGFBP-7 is expressed 
in glomeruli and tubules of healthy humans and plays an important 
role in G1 cell-cycle arrest. Renal tubular cells can enter a short period 
of G1 cell-cycle arrest following injury from experimental sepsis [8] 
or ischemia [9]. This process may prevent cells from dividing when 
DNA is damaged and may represent an early response to renal injury. 
TIMP-2 is another protein involved in cell-cycle arrest, suggesting the 
importance of this process in AKI. Kashani et al. [6] examined around 
340 biomarkers in critically ill patients at risk for AKI. IGFBP-7 and 
TIMP-2 outperformed other markers of AKI including urine/plasma 
NGAL, urine KIM-1, urine interleukin-18, plasma cystatin C, and 
serum creatinine and had an AUC of 0.8 for predicting AKI onset 12–
36 h after sample collection. It is notable that IGFBP7 and TIMP-2 are 
both involved with the phenomenon of G1 cell cycle arrest during the 
very early phases of cell injury.

AKI engages a series of extremely complex cellular and molecular 
pathways involving endothelial, epithelial, inflammatory, and interstitial 
cells. These mechanisms include cell cycle, immunity, inflammation, 
and apoptosis pathways. Prior efforts at identifying biomarkers for AKI 
have been hampered by this heterogeneous nature of the condition. In 
any given patient, the cause for AKI onset is typically thought to be 
multifactorial.

 Interestingly, the reported biomarkers performed very well in 
patients with sepsis (AUC 0.82) and post-surgery (AUC0.85). The study 
showed IGFBP7 is superior to TIMP-2 in surgical patients while TIMP-

2 is best in sepsis-induced AKI. These differences may underlie subtle 
but important mechanistic differences between various etiologies of 
AKI, and that the two biomarkers are involved in slightly different 
pathways.

To guide the clinical use of these two markers for risk assessment, 
Bihorac et al. [10] selected a high-sensitivity cutoff using the results 
of their earlier studies [6]. They studied 420 critically ill adult patients 
within 24 hours of admission to an intensive care unit (ICU). Critically 
ill patients with urinary [TIMP-2]*[IGFBP7] test values greater than 
0.3 had seven times the risk for AKI (95% CI, 4–22) compared with 
those with a test value at or below the 0.3 cutoff .The secondary analysis 
of this urinary test at a cutoff of 2.0 demonstrated specificity of 95% and 
sensitivity of 37%. When patients were stratified by both cutoffs, the 
relative risk for AKI increased proportionally.

The fact that in the presence of clinical risk factors for AKI like 
hypotension or hypoxemia, it is difficult to discriminate those who 
will imminently develop AKI from those who will not. Addition of 
the urinary [TIMP-2]*[IGFBP7] test increased the AUC of the clinical 
model from 0.70 to 0.86 while stratifying patients in more distinct risk 
categories, with a sevenfold increase in risk for patients in the high-risk 
group compared with those in the lowest. 

AKI remains one of the most common complications among 
hospitalized patients [2,11]. Few risk stratification models based on 
clinical factors exist and they are generally inadequate in accurately 
identifying individual patients at risk. Thus, the ability to identify 
patients at risk for imminent AKI has been elusive and represents an 
important unmet need [11]. 

But the efforts to reproduce the same results as of previous studies 
have been controversial. There are notable differences when comparing 
the original discovery and validation investigations with Bell et al. study 
[12], even though both were done in general ICU cohorts. [TIMP-
2]*[IGFBP7], NGAL, or cystatin-C admission levels did not differ 
between patients without AKI and patients developing AKI in Bell et al 
study. They observed that [TIMP-2]*[IGFBP7], NGAL, and cystatin-C 
were poor AKI predictors (ROC areas 0.34–0.51). Their data suggest 
that when measured by a commercial point-of-care device, the novel 
CCABs, NGAL, and urinary cystatin C failed to predict evolving AKI 
in a general cohort of ICU patients. Their findings also suggest that 
the new markers performance may decrease markedly in general ICU 
patients, with heterogeneous diagnoses, differing comorbidities, and 
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multiple sources of inflammation pointing towards the multifactorial 
etiology of AKI. 

In yet another study by Wetz et al. [13], the researchers failed to 
identify AKI risk 4 hours after CPB which was reported by Meersch et al. 
[14]. Compared to surgical procedures with valve or combined surgery, 
CABG-only surgery requires shorter CBP and ACC time, assuming 
lesser injury to the kidneys. So, it is possible that the AKI of lesser 
severity reached in Wetz et al.’ patient population was due to different 
surgical conditions and not of a time frame within which the biomarker 
concentration rises to a significant level at early measurement time 
points. The risk of injury to the kidneys could have been considerably 
higher in the trial of Meersch et al. [14] than in Wetz et al. study, 
because they also included patients undergoing valvular and combined 
surgeries with assumed higher risks of kidney injury due to longer CBP 
and ACC times than observed in Wetz et al. patient population (140 
and 98 minutes vs. 127 and 78 minutes, respectively). This may have led 
to the divergent results and may be a reason why the trials of Kashani et 
al. [6] and Meersch et al. [14], who included only patients at higher risk 
for AKI, showed more precise results of the biomarker test. Because the 
test was not perfectly applicable to Wetz et al. patient cohort of mainly 
low-grade kidney injury (KDIGO 1) and Kashani et al. proved good 
results on KDIGO 2 and 3, the question arises whether the biomarker 
test might be better applicable for predicting high-grade kidney injury 
[6]. 

Wetz et al. also could not be confirm previously reported cutoff 
points of 0.3 and 2 [6] in their study cohort. Applying the low cutoff 
point resulted in a sensitivity of 53% and a specificity of 54%. The 
cutoff point of 2 led to a sensitivity of 33% and a specificity of 100%. In 
contrast, in their study, they found a cutoff point of 1.1 with an AUC of 
0.71 (46.67% sensitivity, 96.15% specificity). The reason for this finding 
may lie again in different patient cohort composition and different 
surgical settings, as well as their smaller number of patients, which 
surely led to weaker results.

In conclusion, clinical markers of kidney function often fail to detect 
AKI at a time when interventions may provide benefit. Urinary [TIMP-
2]*[IGFBP7] test has been observed to add value to clinical model of 
risk stratification. However, the value of successfully predicting AKI 
by these novel biomarkers at this time point needs further assessment. 
Before broader routine clinical implementation, a thorough analysis of 
the diagnostic strength of these new biomarkers to accurately predict 
AKI should be established in further trials.

References
1. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury 

Work Group (2012) KDIGO clinical practice guideline for acute kidney injury. 
Kidney Int Suppl 2: 1-138. 

2. Lameire NH, Bagga A, Cruz D, De Maeseneer J, Endre Z, et al. (2013) Acute 
kidney injury: an increasing global concern. Lancet 382: 170-179. 

3. Dasta JF, Kane-Gill SL, Durtschi AJ, Pathak DS, Kellum JA (2008) Costs and 
outcomes of acute kidney injury (AKI) following cardiac surgery. Nephrol Dial 
Transplant 23:1970-1974. 

4. Lameire NH, Vanholder RC, Van Biesen WA (2011) How to use biomarkers 
efficiently in acute kidney injury. Kidney Int 79: 1047-1050. 

5. Martensson J, Bellomo R (2014) The rise and fall of NGAL in acute kidney 
injury. Blood Purification 37: 304-310.

6. Kashani K, Al-Khafaji A, Ardiles T, Artigas A, Bagshaw SM, et al. (2013) 
Discovery and validation of cell cycle arrest biomarkers in human acute kidney 
injury. Critical Care 17: R25. 

7. Oh Y, Nagalla SR, Yamanaka Y, Kim HS, Wilson E (1996) Synthesis and 
characterization of insulin-like growth factor-binding protein (IGFBP)-7 
Recombinant human mac25 protein specifically binds IGF-I and -II. J Biol 
Chem 271: 30322-30325. 

8. Yang QH, Liu DW, Long Y,  Liu HZ, Chai WZ,  et al. (2009) Acute renal failure 
during sepsis: potential role of cell cycle regulation. J Infect 58: 459-464. 

9. Witzgall R, Brown D, Schwarz C, Bonventre JV (1994) Localization of 
proliferating cell nuclear antigen, vimentin, c-Fos, and clusterin in the 
postischemic kidney. Evidence for a heterogenous genetic response among 
nephron segments, and a large pool of mitotically active and dedifferentiated 
cells. J Clin Invest 93: 2175-2188. 

10. Bihorac A, Chawla LS, Shaw AD, Al-Khafaji A, Davison DL, et al. (2014) 
Validation of Cell-Cycle Arrest Biomarkers for Acute Kidney Injury Using Clinical 
Adjudication. Am J Respir Crit Care Med 189: 932-939.

11. Bihorac A, Brennan M, Ozrazgat-Baslanti T, Bozorgmehri S, Efron PA, et al. 
(2013) National surgical quality improvement program underestimates the risk 
associated with mild and moderate postoperative acute kidney injury. Crit Care 
Med 41: 2570-2583. 

12. Bell M, Larsson A, Venge P, Bellomo R, Mårtensson J (2015) Assessment of 
Cell-Cycle Arrest Biomarkers to Predict Early and Delayed Acute Kidney Injury. 
Disease markers 2015: 9. 

13. Wetz AJ, Richardt EM, Wand S, Kunze N, Schotola H, et al. (2015) Quantification 
of urinary TIMP-2 and IGFBP-7: an adequate diagnostic test to predict acute 
kidney injury after cardiac surgery? Critical Care 19: 3. 

14. Meersch M, Schmidt C, Van Aken H, Martens S, Rossaint J, et al (2014) 
Urinary TIMP-2 and IGFBP7 as early biomarkers of acute kidney injury and 
renal recovery following cardiac surgery. PLoS One 9: e93460.

http://kdigo.org/home/guidelines/acute-kidney-injury/
http://kdigo.org/home/guidelines/acute-kidney-injury/
http://kdigo.org/home/guidelines/acute-kidney-injury/
http://www.ncbi.nlm.nih.gov/pubmed/23727171
http://www.ncbi.nlm.nih.gov/pubmed/23727171
http://www.ncbi.nlm.nih.gov/pubmed/18178605
http://www.ncbi.nlm.nih.gov/pubmed/18178605
http://www.ncbi.nlm.nih.gov/pubmed/18178605
http://www.ncbi.nlm.nih.gov/pubmed/21527944?dopt=Abstract&holding=f1000,f1000m,isrctn
http://www.ncbi.nlm.nih.gov/pubmed/21527944?dopt=Abstract&holding=f1000,f1000m,isrctn
https://www.karger.com/Article/FullText/364937
https://www.karger.com/Article/FullText/364937
http://ccforum.com/content/17/1/R25
http://ccforum.com/content/17/1/R25
http://ccforum.com/content/17/1/R25
http://www.ncbi.nlm.nih.gov/pubmed/8939990
http://www.ncbi.nlm.nih.gov/pubmed/8939990
http://www.ncbi.nlm.nih.gov/pubmed/8939990
http://www.ncbi.nlm.nih.gov/pubmed/8939990
http://www.ncbi.nlm.nih.gov/pubmed/19428114?dopt=Abstract&holding=f1000,f1000m,isrctn
http://www.ncbi.nlm.nih.gov/pubmed/19428114?dopt=Abstract&holding=f1000,f1000m,isrctn
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC294357/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC294357/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC294357/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC294357/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC294357/
http://www.ncbi.nlm.nih.gov/pubmed/24559465
http://www.ncbi.nlm.nih.gov/pubmed/24559465
http://www.ncbi.nlm.nih.gov/pubmed/24559465
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3812338/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3812338/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3812338/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3812338/
http://www.hindawi.com/journals/dm/2015/158658/ref/
http://www.hindawi.com/journals/dm/2015/158658/ref/
http://www.hindawi.com/journals/dm/2015/158658/ref/
http://ccforum.com/content/19/1/3
http://ccforum.com/content/19/1/3
http://ccforum.com/content/19/1/3
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968141/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968141/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968141/
tt

	Title
	Corresponding author
	Commentary
	References



