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Abstract
Background: Although renal replacement therapy prevents 
death from uremia, survival among patients with acute and 
chronic kidney diseases (CKD) remains an imperative con-
cern. The expected life span of US dialysis patients 60–64 
years of age is approximately 4.5 years; this is similar to that 
of patients with lung cancer. Despite substantial progress in 
many medical specialties over the past decades (e.g., nota-
ble reductions in myocardial infarction, stroke, and mortality 
rates in the general population), survival among dialysis pa-
tients has not improved significantly over the same period. 
A few decades ago, HIV infection and AIDS were pretty much 
a death sentence. Because of progress in HIV treatment, now 
it can be controlled with a daily pill, and ongoing research is 
pushing treatment even further and controls the virus with 
longer-acting treatment. A cure is no longer impossible for 
HIV and other viral infections such as hepatitis B and C and 
many malignancies, but so far there is no cure for CKD. Sum-
mary: Billions of dollars have been spent on kidney disease 

research in the past decades, with no tangible progress in 
clinical practice. The challenges of improving the quantity 
and quality of trials in nephrology are enormous. The num-
ber of randomized controlled trials (RCTs) published in ne-
phrology is lower than that in other medical subspecialties, 
and most of the big RCTs in nephrology yield negative re-
sults. Nephrology studies evaluating hard clinical endpoints 
or surrogate endpoints are scarce. Key Message: Herein we 
discuss the slow progress in nephrology research that has 
impacted clinical practice over the last couple of decades 
and highlight the major obstacles, challenges, and potential 
solutions. © 2018 S. Karger AG, Basel

Quantity and Proportion of Randomized 
Controlled Trials in Nephrology Compared to Other 
Subspecialties

The PubMed Medical Subject Headings (MeSH) were 
used to identify subject headings for searching through 
eight primary subspecialties of internal medicine: cardi-
ology, endocrinology, gastroenterology, hematology/on-
cology, infectious disease, nephrology, pulmonology, and 
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rheumatology. The following MeSH terms were used: 
“cardiovascular diseases” or “cardiology”; “endocrine 
system diseases” or “endocrinology”; “digestive system 
diseases” or “gastroenterology”; “hemic and lymphatic 
diseases” or “hematology” or “neoplasms” or “medical 
oncology”; “bacterial infections and mycoses” or “virus 
diseases” or “parasitic diseases” or “infectious disease 
medicine”; “kidney diseases” or “nephrology”; “respira-
tory tract diseases” or “pulmonary medicine”; “rheumat-
ic diseases” or “rheumatology.” The resulting number of 
total publications by subspecialty for each year from 2001 
through 2015 was then limited to the PubMed publica-
tion type “randomized controlled trial.” Although we 
performed these searches looking at publication dates 
through 2017, we found from continued sampling of the 
data through 2018 that a significant number of articles are 
still being added with 2016 and 2017 publication dates. 
Rather than including data that might therefore be in-
complete, we used 2015 as our data end date. The number 
of randomized controlled trials (RCTs) in nephrology in 
2001 was 193 and has gradually increased to 601 by 2015. 
Most of the other subspecialties have also exhibited the 
same trend. However, nephrology as well as rheumatol-
ogy have the lowest number of publications (Fig. 1).

We also searched the number of publications resulting 
from grant-funded research and categorized them ac-
cording to subspecialty using the same publication type 

terms identified above with the PubMed filters for grant 
support. We compared the grant-funded research be-
tween cardiology and nephrology for each year from 2001 
through 2015. Cardiology had approximately 8 times 
more published articles from grant-funded research than 
nephrology. This difference was consistent over time 
(Fig. 2).

The ASN Research Advocacy Committee estimated 
that the National Institutes of Health (NIH) spent only 
USD 30 on research annually for each chronic kidney dis-
ease (CKD) patient in the USA, while it spent over USD 
500 for every patient with cancer and over USD 2,500 per 
individual with HIV infection. It is therefore not surpris-
ing that the cancer and HIV areas have experienced the 
greatest technological health care advances over the last 
few decades. In 2015, Medicare spent nearly USD 34 bil-
lion on end-stage renal disease (ESRD) patients. How-
ever, the NIH spent only USD 564 million on kidney dis-
ease research in the same year. Since only < 2% of the cost 
of care was spent on kidney research, several research ini-
tiatives have gained considerable momentum, focusing 
on increased federal and nonfederal research funding. 
The result hopefully will accelerate innovation toward the 
development of new technologies in managing kidney 
disease patients. Herein we focus on the recent nephrol-
ogy studies that might have influenced our clinical prac-
tice.
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Fig. 1. Randomized controlled trials: published articles in PubMed by subspecialty from 2001 to 2015. Cardio, 
cardiology; Endocrinol, endocrinology; Gastroen, gastroenterology; Hem/onc, hematology/oncology; Inf diseas, 
infectious disease; Nephrol, nephrology; Pulmon, pulmonology; Rheum, rheumatology.
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CKD – Mineral and Bone Disorders

In 2003, the Kidney Disease Outcomes Quality Initia-
tive (KDOQI) published its CKD – mineral and bone dis-
order (CKD-MBD) clinical practice guideline [1]. In 
2009, the Kidney Disease: Improving Global Outcomes 
(KDIGO) issued their initial CKD-MBD guideline [2], 
and in 2017, a selective update was published [3]. The ini-
tial KDIGO guideline was based mostly on observational 
and expert opinion that led to universal changes in clini-
cal practice. The updated 2017 KDIGO guideline recom-
mended managing CKD-MBD with a more individual-
ized approach in view of the lack of benefit regarding in-
termediate biochemical and cardiovascular endpoints. 
Moreover, they reported that overusing and/or misusing 
some therapies could potentially lead to harm such as hy-
percalcemia or unnecessary health care spending. Due to 
lack of evidence for many CKD-MBD management deci-
sions, a large number of updated recommendations con-
tinue to be debated.

One of the major changes in the updated 2017 KDIGO 
guideline is using bone mineral density (BMD) testing to 
assess the fracture risk in CKD stage 3a–5D, as 4 prospec-
tive cohort studies demonstrated that BMD measure-
ments predicted fractures in this patient population [4–
7]. However, this recommendation generates some un-
certainty and does not provide clear advice on how to 
treat low BMD in CKD patients, as this patient popula-
tion was excluded from most RCTs [8]. The language of 

the updated CKD-MBD guideline is often inconclusive, 
and all recommendations are at the level of “we suggest” 
(no level 1 “we recommend”) and the majority have “low” 
or “very low” levels of evidence. This challenges the ne-
phrology community and underscores the need for bet-
ter-quality research on this devastating disorder.

Block et al. [9] reported that the use of phosphate bind-
ers increased the progression of vascular calcification 
compared to placebo in patients with moderate CKD. 
Other RCTs showed a tendency toward increased mor-
bidity and/or mortality among patients treated with cal-
cium-based binders as compared with non-calcium-
based binders [10, 11]. The largest 2 placebo-controlled 
RCTs on CKD-MBD management that have been pub-
lished in the last decade were also disappointing [12, 13]. 
The EVOLVE trial studied the effect of cinacalcet on 
mortality, myocardial infarction, unstable angina, heart 
failure, and peripheral vascular disease [12]. The PRIMO 
trial examined the effect of paricalcitol on the left ven-
tricular mass index and measures of diastolic dysfunction 
[13]. Neither of these trials found a significant effect of 
the study medicine on these primary endpoints. The re-
sults of these RCTs leave clinicians with a difficult choice. 
The ambiguity and lack of unequivocally actionable rec-
ommendations for CKD-MBD management highlight 
the potential challenges to their implementation and dis-
semination. In most circumstances, the clinical practice 
guidelines are to be used in conjunction with clinical 
judgement.
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Fig. 2. Numbers of grant-funded articles indexed in PubMed for cardiology and nephrology from 2001 to 2015.
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Anemia Management in CKD Patients

According to the 2012 KDIGO guideline for adult CKD 
patients prior to dialysis, the decision to initiate erythro-
poietin therapy for treating anemia should be individual-
ized (2C recommendation) [14]. The CREATE trial stud-
ied the effect of early anemia management in CKD patients 
prior to dialysis. The authors reported that early complete 
correction of anemia does not reduce the risk of cardiovas-
cular events [15]. Singh et al. [16] studied the effect of cor-
rection of anemia with epoetin alfa in 1,432 CKD patients 
(CHOIR trial). The patients were randomized to receive 
epoetin alfa to achieve a target hemoglobin level of either 
13.5 or 11.3 g/dL. The composite events were higher and 
the hazard ratios for death and hospitalization for conges-
tive heart failure had a strong trend toward a higher risk in 
the high-hemoglobin group. Moreover, the use of a target 
hemoglobin level of 13.5 g/dL (as compared with 11.3 g/
dL) did not improve the quality of life [16].

TREAT is a large multicenter trial on CKD diabetic pa-
tients with moderate anemia who were not undergoing di-
alysis. The patients were randomly assigned to receive dar-
bepoetin alfa or placebo. The use of darbepoetin did not 
reduce the risk of death or cardiovascular or renal events, 
and it was associated with an increased risk of stroke and 
thromboembolic events. Moreover, there was a sign that 
normalization of hemoglobin with darbepoetin may be 
harmful in patients with a history of malignancy [17].

Blood Pressure Control in CKD Patients

Papademetriou et al. [18] studied the effect of intensive 
blood pressure control in diabetic CKD patients. The ben-
efit in cardiovascular risk reduction from intensive blood 
pressure control was lower in this patient population 
compared to patients with normal kidney function. The 
SPRINT trial studied the benefits of intensive systolic 
blood pressure lowering to a target < 120 mm Hg versus 
routine management with a target < 140 mm Hg in high-
risk nondiabetic patients with hypertension. In the par-
ticipants with baseline CKD, intensive systolic blood pres-
sure lowering showed the same cardiovascular disease and 
mortality risk reductions as in the non-CKD patients. 
However, there were no specific renal benefits of intensive 
systolic blood pressure control [19]. In the African Amer-
ican Study of Kidney Disease and Hypertension (AASK), 
better blood pressure control was not associated with im-
provement of renal outcome [20]. Furthermore, Appel et 
al. [21] reported that intensive blood pressure control had 

no effect on kidney disease progression especially in non-
proteinuric patients. The JNC 8 guidelines for the man-
agement of hypertension in adults report that the treat-
ment threshold and target for blood pressure are the same 
in CKD patients and the general population, and there is 
no evidence that treating CKD patients to a lower blood 
pressure goal slows the progression of the disease [22].

The Cardiovascular Outcomes in Renal Atheroscle-
rotic Lesions (CORAL) trial did not find any renal or car-
diovascular benefit of renal artery stenting in advanced 
hypertensive CKD patients with more than 60% renal ar-
tery stenosis [23]. The SYMPLICITY HTN-2 trial showed 
large reductions in blood pressure 6 months after cathe-
ter-based radiofrequency denervation [24]. However, the 
SYMPLICITY HTN-3 trial did not show any benefit of 
renal artery denervation; particularly for patients with a 
glomerular filtration rate (GFR) < 60 mL/min there was 
no benefit from the intervention. Furthermore, there was 
no renal benefit from renal artery denervation [25]. The 
Rheos Pivotal Trial, a large-scale double-blinded placebo-
controlled RCT evaluating baroreflex activation therapy, 
showed a sustained efficacy benefit. However, it did not 
meet either the primary endpoint of lowering blood pres-
sure or procedural safety requirements [26].

Impact of Tight Blood Sugar Control on Renal 
Outcome in Type 2 Diabetic Patients

Tight glycemic control has been shown to alter the 
outcome in diabetic patients with early CKD. However, 
data supporting the benefits of intensive glycemic control 
for advanced CKD patients are scarce. The United King-
dom Prospective Diabetes Study (UKPDS) investigated 
the effect of intensive blood glucose control on the risk of 
microvascular and macrovascular complications in pa-
tients with type 2 diabetes [27]. The tighter blood sugar 
control group had a decreased risk of microvascular dis-
ease. However, there was a higher risk of hypoglycemia 
and weight gain, and there was no effect on macrovascu-
lar complications. Aggressive blood sugar control by tar-
geting HbA1c < 6% increased mortality and did not sig-
nificantly decrease major cardiovascular events in the 
ACCORD trial [28]. Moreover, in patients with mild and 
moderate CKD, intensive glycemic control significantly 
increased the cardiovascular risk and all-cause mortality 
[29]. The VADT studied the effect of tight blood sugar 
control on vascular complications in veterans with type 2 
diabetes [30]. There was no significant effect on the rates 
of major cardiovascular events, death, or microvascular 
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complications, with the exception of progression of albu-
minuria.

ADVANCE is the most optimistic trial so far demon-
strating a benefit from tight blood sugar control [31]. The 
chance of developing microalbuminuria as well as the 
progression of macroalbuminuria and the ESRD risk de-
creased in the intensively blood sugar-controlled group. 
However, the number of patients who developed ESRD 
was exceedingly low (0.24%), which might reduce the 
confidence in their findings [31]. Moreover, there was no 
significant effect on serum creatinine over time and there 
was a nonsignificant trend toward more frequent dou-
bling of serum creatinine in the intensively treated group. 
To date, no RCT has convincingly demonstrated a bene
ficial effect of intensive therapy on macrovascular out-
comes in individuals with longstanding type 2 diabetes.

Bardoxolone methyl improved the kidney function in 
multiple RCTs on patients with diabetic kidney disease. 
In a phase II study, the BEAM trial showed that bardoxo-
lone had improved the estimated GFR (eGFR) in type 2 
diabetic patients with advanced CKD [32]. However, the 
BEACON trial reported that bardoxolone did not reduce 
the risk of ESRD or death in stage 4 CKD type 2 diabetic 
patients in a phase III study. Moreover, they had to ter-
minate the trial prematurely because of a higher rate of 
volume overload in the bardoxolone group [33]. More 
recently, the TSUBAKI study group presented an abstract 
at the last American Society of Nephrology’s annual 
meeting, reporting that bardoxolone improved renal 
function as assessed by inulin clearance in diabetic stage 
3 and 4 CKD patients in a preselected cohort without 
identified risk factors for fluid overload [34].

Advancements in Glomerulonephritis Management

Glomerulonephritis (GN) diagnosis and treatment is 
one of the fastest-growing fields in nephrology. Herein 
we are going to discuss the progress in GN management, 
focusing on the foremost RCTs.

Idiopathic membranous nephropathy (IMN) is diag-
nosed primarily by the presence of the glomerular sub-
epithelial antigen-antibody immune complex. This com-
plex was identified as a composite of IgG4 antibody that 
binds to the phospholipase A2 receptor (PLA2R) in podo-
cytes [35]. Circulating PLA2R antibody in IMN linearly 
correlates with disease activity and plays an important 
role in better understanding the disease and the response 
to immunosuppressive therapy [36]. Rituximab as first- 
or second-line therapy for IMN induced remission. 

Moreover, it significantly improved GFRs in patients who 
achieved complete remission. The adverse effects with 
rituximab administration were transient, well tolerated, 
and not serious [37]. In a nonblinded phase Ιb/ΙΙ study, 
H.P. Acthar gel injection twice weekly (structurally re-
lated corticotropin peptide) safely showed significant im-
provement of proteinuria in IMN at the 1-year follow-up 
[38]. Combination of Acthar and tacrolimus significantly 
improved the rate of complete or partial remission in 
IMN and focal segmental glomerulosclerosis (FSGS) pa-
tients who were resistant to two or more immunosup-
pressive agents [39]. Rituximab effectively improved the 
clinical and immunological remission rates in severe 
IMN patients in the French GEMRITUX multicenter 
RCT [40]. The nephrology community is excited to hear 
the results of the ongoing MENTOR and STARMEN 
multicenter RCTs on IMN. The MENTOR trial is a non-
inferiority study comparing rituximab with cyclosporin 
[41], while the STARMEN trial is studying the efficacy of 
sequential treatment with tacrolimus-rituximab versus 
steroids plus cyclophosphamide [42].

In a phase II RCT, fresolimumab (a monoclonal anti-
transforming growth factor-β antibody) did not achieve 
the primary or secondary endpoint in patients with ste-
roid-resistant FSGS [43]. Abatacept (a costimulatory in-
hibitor that targets B7-1) successfully induced complete or 
partial remission in 5 patients with primary FSGS [44]. 
These promising results encouraged investigators to study 
the effect of abatacept in patients with resistant FSGS or 
minimal change disease in an ongoing phase ΙΙ RCT [45].

The Aspreva Lupus Management Study (ALMAS) in-
vestigated the effect of induction and maintenance ther-
apy for proliferative lupus nephritis. The patients had 
similar rates of remission using either cyclophosphamide 
or mycophenolate mofetil (MMF) in addition to cortico-
steroids as induction therapy [46]. MMF was superior to 
azathioprine in maintaining remission and time to treat-
ment failure. Furthermore, the patients who received 
MMF had longer times until needing rescue therapy [47]. 
Moreover, in the MAINTAIN study, an insignificantly 
lower number of renal flares occurred with MMF as a 
maintenance therapy in comparison to azathioprine, 
which had a significantly higher number of hematological 
adverse effects [48]. These results support the use of MMF 
as the first choice for maintenance therapy of lupus ne-
phritis. The LUNAR study failed to demonstrate the su-
periority of adding rituximab to the standard MMF-plus-
corticosteroid therapy in patients with active proliferative 
lupus nephritis [49]. In a recent double-blinded phase III 
trial, belimumab (a monoclonal antibody against B lym-
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phocyte stimulator) significantly reduced proteinuria in 
moderate-to-severe systemic lupus erythematosus pa-
tients [50]. Furthermore, belimumab was well tolerated 
and its efficacy was maintained during the extension 
phase [51].

In the MEPEX (Methylprednisolone versus Plasma Ex-
change) trial, the rate of renal recovery was higher in the 
plasma exchange group than in the intravenous methyl-
prednisolone group among patients with severe antineu-
trophil cytoplasmic autoantibody (ANCA)-associated re-
nal vasculitis. However, the patients’ survival and severe 
adverse effects were not significantly different between the 
two modalities [52]. The RITUXIVAS trial did not dem-
onstrate any superiority in attaining remission with the 
combination of rituximab and reduced-dose cyclophos-
phamide over a traditional cyclophosphamide regimen, 
nor did it demonstrate a safety benefit of rituximab [53]. 
However, in the RAVE study, rituximab was more effec-
tive in relapsing ANCA-associated vasculitis and it was 
not inferior to cyclophosphamide in newly diagnosed se-
vere cases with no significant difference in adverse effects 
[54]. The MAINRITSAN trial showed that rituximab is a 
more effective and safer option than azathioprine as a 
maintenance therapy in ANCA-associated vasculitis [55]. 
In a phase II trial, the CLEAR study showed that an orally 
administered C5a receptor inhibitor (avacopan) can safe-
ly and effectively replace high-dose oral glucocorticoids in 
patients with ANCA-associated vasculitis without any sig-
nificant difference in adverse effects [56]. These results 
supported the advancement of avacopan into an ongoing 
phase III study with a larger number of patients [57].

Major advances have been achieved in the pathophys-
iological understanding of GN which demands new treat-
ment strategies in the past years but lack of larger RCTs 
in this field is striking and more RCTs become a pressing 
need.

Metabolic Acidosis

Metabolic acidosis is a common and well-known prob-
lem in patients with advanced CKD [58, 59]. However, 
only a few RCTs have been published studying the effect 
of the correction of metabolic acidosis in a relatively small 
number of patients. The KDIGO guideline suggests that 
to people with CKD and serum bicarbonate concentra-
tions < 22 mmol/L, treatment with oral bicarbonate sup-
plementation be given to maintain serum bicarbonate 
within the normal range, unless contraindicated [60]. 
This KDIGO guideline was only a suggestion and was not 

set at the recommendation level because of lack of evi-
dence (Level 2B). In a single-blind controlled trial on 46 
patients, Mathur et al. [61] found that correction of met-
abolic acidosis was associated with attenuation of a rise in 
blood urea and parathyroid hormone levels but did not 
affect other CKD-MBD metabolic parameters. De Brito-
Ashurst et al. [62] found that correction of metabolic ac-
idosis can slow the progression of CKD and the need for 
dialysis. Although this was the largest published RCT on 
correction of metabolic acidosis in CKD patients, it was a 
single-center open-label study with only 134 patients. 
Now the question is why there are no well-designed RCTs 
with large numbers of patients for such a common prob-
lem as metabolic acidosis in CKD patients.

Homocystinemia

Plasma homocysteine levels increase with a decreasing 
GFR [63]. Elevated plasma homocysteine has been pro-
posed as a risk factor for cardiovascular morbidity and 
mortality among CKD patients [64]. However, Jamison 
et al. [65] did not find any benefit in risk reduction either 
regarding mortality or regarding cardiovascular disease 
by lowering homocysteine levels in patients with ad-
vanced CKD. Moreover, other RCTs showed similar re-
sults using folic acid, vitamin B12, and vitamin B6 in CKD 
and ESRD patients, respectively [66, 67].

Hyperuricemia

Hyperuricemia is a known risk factor for the develop-
ment and progression of CKD [68]. However, according 
to the KDIGO guideline there is insufficient evidence to 
support or refute the use of agents to lower serum uric 
acid concentrations in people with CKD and either symp-
tomatic or asymptomatic hyperuricemia in order to delay 
the progression of CKD. Goicoechea et al. [69] treated 
113 CKD patients with either allopurinol or usual thera-
py. After 24 months, the decline in eGFR was lower in the 
allopurinol group than in the controls. Moreover, the au-
thors concluded that allopurinol decreases C-reactive 
protein and slows down the progression of renal disease 
and also reduces the cardiovascular and hospitalization 
risk in these subjects. Sircar et al. [70] reported that fe-
buxostat slowed the decline in eGFR in asymptomatic hy-
peruricemic CKD stages 3 and 4 compared to placebo. 
However, in a more recent study, Saag et al. [71] did not 
find significant differences in the change in serum creati-
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nine or eGFR levels from baseline between a febuxostat 
group and a placebo group.

Autosomal Dominant Polycystic Kidney Disease

Autosomal dominant polycystic kidney disease (AD-
PKD) is responsible for about 10% of ESRD cases. Tolvap-
tan is an antidiuretic hormone antagonist which was stud-
ied for probable benefits on ADPKD. Torres et al. [72] 
showed that tolvaptan retarded the increase in total kid-
ney volume and slowed the progression of kidney disease 
in patients with ADPKD, but it was associated with high 
aquaresis-related adverse effects and higher discontinua-
tion rates. Moreover, in a more recent study, tolvaptan 
slowed the decline in kidney function in patients with lat-
er-stage ADPKD [73]. Gansevoort et al. [74] showed that 
tolvaptan decreased albuminuria without affecting blood 
pressure in patients with ADPKD. This beneficial effect 
remained after withdrawal of the drug. Casteleijn et al. 
[75] showed that tolvaptan significantly lowered kidney 
pain. This effect was explained by a decrease in incidence 
of urinary tract infections, kidney stones, and hematuria. 
Tolvaptan was approved in 2014 in Japan for slowing the 
progression of ADPKD in patients with rapid increases  
in total kidney volume. Recently, tolvaptan has been ap-
proved by the FDA to slow the decline in kidney function 
in adults at risk of rapidly progressing ADPKD [76].

Acute Kidney Injury and Critical Care Nephrology

Acute kidney injury (AKI) is a complex syndrome as-
sociated with high morbidity, mortality, health care re-
source utilization, and risk of long-term consequences 
[77, 78]. The occurrence of AKI has been linked to a high-
er risk of incident or progressive CKD [79, 80], ESRD 
[81], and cardiovascular disease [82–84]. The incidence 
of AKI among critically ill patients has been described as 
high as 50%, and up to 10% of these patients require acute 
renal replacement therapy (RRT) [77, 85–87]. Over the 
last two decades, clinical critical care nephrology research 
has significantly evolved; however, clinical practice still 
lags behind. A few examples are briefly described below.

Discovery and Validation of Biomarkers for the  
Early Prediction of AKI
In September 2014, the FDA released a press note an-

nouncing marketing of the NephroCheck test to help 
identify critically ill patients in the intensive care unit 

(ICU) who are at risk of developing AKI within 12 h. The 
NephroCheck test combines assessments of urinary levels 
of tissue inhibitor of metalloproteinases 2 (TIMP2) and 
insulin-like growth factor-binding protein 7 (IGFBP7), 
which are markers of cell cycle arrest. Kashani et al. [88] 
conducted a prospective multicenter cohort study (SAP-
PHIRE) to assess a panel of 340 candidate urinary and 
plasma biomarkers for the early detection of AKI in a 
mixed ICU population. They found that the product of 
urinary TIMP2 and IGFBP7 provided the best perfor-
mance in predicting the occurrence of moderate-to- 
severe AKI in critically ill patients. These findings were 
further validated in a separate prospective cohort study 
(TOPAZ) using clinical assessment of AKI [89]. Since 
then, several other studies have utilized these biomarkers 
to predict AKI in distinct settings such as cardiac surgery 
[90] or for enrichment of enrollment in RCTs of AKI [91]. 
Although the disillusionment in AKI biomarker research 
was halted with this discovery, the implementation of 
these or other biomarkers in the routine care of patients 
at high risk of AKI remains behind and continues to be 
an area of intense investigation.

Development of Clinical AKI Risk Prediction  
Models in the ICU
In recent years, several investigators have developed 

and validated clinical risk prediction models for AKI. In 
critically ill children, Basu et al. [92] combined risk cri-
teria (solid organ or stem-cell transplantation, mechani-
cal ventilation, or vasoactive drug support) and injury 
criteria (change in serum creatinine relative to baseline 
or fluid overload percentage) assessed 12 h after ICU ad-
mission into a score named the renal angina index (RAI). 
They showed that a RAI ≥8 was independently associ-
ated with the occurrence of severe AKI at 72 h. In criti-
cally ill adults, Malhotra et al. [93] developed a risk score 
including 10 clinical parameters for the prediction of 
AKI in the first 7 days. The AUC for the discovery and 
external validation cohorts was 0.79 and 0.81, respective-
ly, and the positive predictive value was 23% for a risk 
score ≥5. Similarly, Flechet et al. [94] developed a tool 
named AKIpredictor using random forest machine-
learning schemes and correlation-based ranking algo-
rithms. This tool incorporates clinical parameters before, 
at the time of, and during the first day of ICU admission 
and was developed to predict AKI within the first 7 days 
following ICU admission. The authors reported that 
their risk model demonstrated good calibration and it 
could help clinicians to stratify patients for primary pre-
vention, surveillance, and early therapeutic intervention. 
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However, overall, the proposed clinical models are het-
erogeneous and need to be further validated in multi-
center and multiethnic cohorts. Furthermore, the addi-
tion of novel biomarkers, functional testing of renal re-
serve, and functional imaging studies may improve the 
performance of these prediction models.

Accelerated versus Standard Initiation of RRT  
in the ICU
Initial reports from small RCTs showed no difference 

in mortality when accelerated versus standard RRT ini-
tiation strategies were tested [95, 96]. In 2016, reports on 
two larger RCTs were published and offered contradic-
tory results at first glance. The AKIKI study [97] showed 
no difference in 60-day mortality and that 49% of the 
patients did not require RRT in the standard arm. In con-
trast, the ELAIN study [98] demonstrated a significant 
difference in 90-day mortality (39% with the accelerated 
vs. 55% with the standard RRT initiation strategy) and 
described that only 9% of the patients in the standard 
arm did not require RRT. Important differences between 
these studies need to be noted: (1) AKIKI was a multi-
center and ELAIN a single-center study; (2) AKIKI en-
rolled patients with AKI stage 3 and ELAIN enrolled pa-
tients with AKI stage 2 + neutrophil gelatinase-associ
ated lipocalin > 150 ng/mL; (3) AKIKI used continuous 
RRT or intermittent hemodialysis and ELAIN used con-
tinuous RRT only; and (4) AKIKI included 80% medical 
ICU patients and ELAIN included 95% surgical ICU pa-
tients. Therefore, one might argue that the study popula-
tions and criteria for enrollment were different and no 
conclusive evidence (or comparison) can be derived 
from these two studies. Ongoing larger RCTs such as the 
STARRT-AKI trial will hopefully provide more evidence 
to support the development of individualized strategies 
for RRT initiation for patients with AKI in the ICU [99]. 
Importantly, quality metrics of RRT delivery should also 
be considered in interventional RRT studies [100]. Fur-
thermore, the implementation of quality management 
systems for RRT in the ICU is an innovative concept that 
is rapidly emerging and may affect patient-centered out-
comes [101].

Prevention of AKI and Development of  
AKI Therapeutics
Specific therapies to prevent or attenuate AKI are not 

available. AKI therapeutics is challenging because inter-
ventions sometimes may be only provided after a signifi-
cant elevation in serum creatinine or deterioration of 
urine output has been detected. Therefore, AKI therapeu-

tics also involves promoting AKI recovery and halting 
post-AKI multiorgan complications. Importantly, reno-
protective recommendations such as avoidance of neph-
rotoxic drugs and hyperglycemia, as well as optimization 
of the hemodynamic status (KDIGO bundle) [102], can 
prevent AKI in high-risk groups. This was demonstrated 
in the PrevAKI trial [92], in which patients undergoing 
cardiac surgery with TIMP2 × IGFBP7 > 0.3 (measured  
4 h after cardiopulmonary bypass) were randomized to 
receive the KDIGO bundle versus standard of care. The 
investigators showed a significant decrease in the inci-
dence of postoperative AKI when the KDIGO bundle was 
implemented. More recently, angiotensin II, a newly ap-
proved drug for septic or distributive shock (ATHOS-3 
trial) [103], showed improved liberation from RRT at day 
7 in a post hoc analysis of AKI patients [104]. These find-
ings open an interesting prospect for further research fo-
cusing on AKI recovery in critically ill patients with shock 
that require RRT.

Conclusions

Although there were ground-breaking advancements 
in the field of clinical nephrology in the 1970s and 1980s, 
little innovation has occurred in the last few decades, es-
pecially when compared with the revolutionary high-tech 
advancements in other subspecialties. The unsatisfactory 
progress is mainly due to a lack of therapeutic and tech-
nological advancement. The broader kidney research 
community is united in advocating the CKD Improve-
ment in Research and Treatment Act (H.R. 2644), which 
would have a positive influence on research in our field. 
The federal government has also engaged with the private 
sector in unique partnerships to create innovation and 
with the American Society of Nephrology (ASN) to ac-
celerate pharmaceutical and nonpharmaceutical devel-
opments. Nonetheless, planting these seeds will not be 
enough, and further cultivation combining collaboration 
and creativity is required to win the fight against kidney 
diseases. Still, after this stagnant era, there is hope on the 
horizon.
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