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Abstract: Acute kidney injury (AKI) is a critical illness in clinic. The guideline recom-
mendation of kidney disease for improving global outcomes regards urine volume and 
creatinine as standards to evaluate kidney functions. However, urine volume and creatinine 
have a certain delay for kidney function evaluation, and these would be interfered by many 
factors. Whether the renal function of AKI patients can recover is very important, which 
affects the quality of life of patients. Therefore, the present study reviews the application 
situation and research progress of the recoverability evaluation of AKI patient kidney 
function from three aspects: conventional indexes, biomarkers, and imaging methods of 
kidney function. 
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Introduction
Acute kidney injury (AKI) is a common critical illness in clinic. According to 
a domestic research report, the 90-day fatality rate of AKI patients can reach up to 
34%.1,2 According to the follow-up data, it was found that patients with AKI, who 
have been discharged for 10 years, have a higher fatality rate.3 For surviving AKI 
patients, 20–50% of these patients develop chronic kidney disease, and 5% of these 
patients develop end-stage kidney disease.4 AKI leads to poor prognosis, and even 
death.5

The AKI diagnostic standards recommended by KDIGO are as follows: (1) 
kidney function suddenly decreases within 48 hours, and the absolute value of 
serum creatinine (SCr) increases ≥26.5 μmol/L (0.3 mg/dL); (2) SCr increases by 
≥1.5 times of the base value; (3) urine volume <0.5 mL/kg.h and time of duration 
>6 hours.6 Recovery standard within seven days after AKI: (1) complete recovery: 
the last time SCr within seven days was <1.2 times of baseline; (2) partial recovery: 
the last time SCr in seven days was >1.2 times of baseline and <1.5 times; (3) no 
recovery: the last time SCr in seven days was ≥1.5 times of the diagnosis, or 
continued renal replacement therapy; (4) non-detection: no duplicate detection was 
carried out within seven days after diagnosing AKI.7 Its evaluation means include 
the SCr level, glomerular filtration rate, changes in kidney injury, relevant biologi-
cal indicators related to kidney function recovery, and (or) other methods to 
evaluate kidney reserve function and kidney blood perfusion. Therefore, the present 
study proposes to review the application situation and research progress of the 
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recoverability evaluation of AKI and AKD patient kidney 
function from three aspects: regular monitoring indicators, 
biomarkers, and imaging examination.

Regular Monitoring Indicator
At present, the conventional indexes to inspect kidney 
functions in clinic mainly include creatinine, urine 
volume, glomerular filtration rate, etc. Since it is not 
suitable to adopt inulin, 51Cr-EDTA, 99TmDTPA, or iodo-
hydrin to measure the glomerular filtration rate for criti-
cally ill patients received by the intensive care unit (ICU), 
the kidney function evaluation for critically ill patients was 
limited to serum creatinine and urine volume. Creatinine 
and urine volume are influenced by various reasons, such 
as gender, age, weight, nutrient status and so on.8 When 
SCr increases and exceeds the normal range, and the 
glomerular filtration rate decreases by >50%, this indicates 
that renal parenchyma damage actually occurred. The 
creatinine concentration is influenced by body fluid 
volume change. If the volume is overloaded, the AKI 
diagnosis may be postponed.9 Furthermore, the urine 
volume is influenced by the volume state, fluid ADI, 
diuretic and other factors, and the urine volume decrease 
may be the reaction of decrease of normal renal perfusion 
pressure or kidney injury. Therefore, AKI diagnosis, with 
creatinine and urine volume as the measurement criteria, 
lacks the ideal sensibility and specificity.10

Biomarker
At present, the biomarkers to evaluate kidney function 
damage in clinic mainly include the following: neutrophil 
gelatinase-associated lipocalin (NGAL), kidney injury 
molecule 1 (KIM-1), interleukin-18 (IL-18), cystatin 
C CysC, urinary total protein, matrix metalloproteinase-9, 
retinol conjugated protein, etc. However, different biomar-
kers have different advantages and disadvantages. Various 
previous studies have indicated that the increase in bio-
markers, such as IL-18, KIM-1, NGAL and CysC, occurs 
earlier, when compared to creatinine, urea nitrogen and 
urine volume, and the combination of these is expected to 
increase the sensibility of AKI diagnosis.6,11 Although it 
remains unclear whether there is a factor to stimulate the 
continuous increase in biomarker level when the kidney 
injury biomarker level is continuously increased at present, 
the above biomarker level increase is still considered as 
a signal of continuous kidney injury. The decrease in 
kidney injury biomarkers has been used to predict the 
AKI and AKI recovery after a kidney transplant. These 

biomarkers did not decline, which may reflect the risk of 
AKI progressing to AKD or CKD, in addition to indicating 
“irrecoverable”.12 Common biomarkers that can be used to 
evaluate AKI recoverability would be respectively 
introduced.

NGAL
NGAL is an apolipoprotein associated with the neutrophil 
gelatinase, and it is mainly expressed in the epithelial cells 
of renal proximal tubular cells. After kidney injury, the 
main sources of urinary NGAL are the renal collecting 
duct and the ascending branch of the medullary loop.13 

Increased NGAL could be detected in early (within two 
hours) urine of AKI. NGAL is the most valuable biomar-
ker for the diagnosis of AKI, and could be used to predict 
the severity and duration of AKI. The specificity and 
sensitivity of NGAL is 81% and 68%, respectively.14 

NGAL detected in urine or serum can give a good predic-
tion for kidney injury, but is liable to be influenced by AKI 
complication, such as sepsis, chronic renal failure, malig-
nant tumor, inflammatory diseases, etc.15 Urine NGAL 
decreases oxidative stress by adjusting the iron concentra-
tion in cells, but this has little significance in AKI patient 
clinical prognosis as the kidney tissue damage maker.16 In 
present clinical practice, there is no unified NGAL thresh-
old prediction and evaluation for AKI.

KIM-1
KIM-1 is a I transmembrane glycoprotein, which is mainly 
expressed on the surface of T cells, but has little expres-
sion on healthy kidneys or urine.17 KIM-1 expression in 
kidney tubular epithelial cells significantly increase after 
kidney injury.18 Han et al19 conducted a prospective study 
on clinical cases, and revealed that KIM-1 was detected in 
urine after 12 hours of kidney ischemic injury. The 
increase in level is apparently higher than other types of 
kidney injury. When KIM-1 increases by 1 U, the prob-
ability of acute kidney failure would increase by 12 times. 
Hence, KIM-1 can not only be used for the early diagnosis 
of AKI, its value can be used for evaluating and monitor-
ing the disease status. Urine KIM-1 level is significantly 
higher in acute tubular necrosis patients than in patients 
with chronic kidney disease and contrast nephropathy.20 

For the operation of patients, the area under the curve 
(AUC) values of AKI in children and adult urine KIM-1 
is 0.83 and 0.78, respectively.21 KIM-1 in urine can reflect 
the damage of proximal renal tubular epithelial cells. In 
acute kidney injury patients, urine KIM-1 begins to 
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increase after two hours of injury, and reaches a peak value 
within 48 hours. Hence, urine KIM-1 determination is an 
important biological marker to diagnose AKI, and evaluate 
the disease status and prognosis.

IL-18
IL-18 is the proinflammatory factor secreted by kidney 
tubular cells, macrophages and other antigen-presenting 
cells. IL-18 kidney tubular cells and macrophages synthe-
size the IL-18 inactive precursor, and is cracked by 
cysteine-aspartic protease-1 or released in blood after the 
secretion of monocytes/macrophages.22 Cleaved IL-18 
plays an inflammatory role through receptor and receptor 
heterodimer signaling pathways. During the ischemic 
injury, sepsis and malignant tumor period, IL-18 is 
released in the urine. Then, the urine IL-18 begins to 
increase within six hours of kidney injury, and reaches 
a peak within 12–18 hours. In a study, within the first 
three days after cardiac surgery, urine IL-18 is the best 
predictor of AKI progression or stage I patient AKI 
death.23 One meta-analysis revealed that the AUC of 
AKI predicted by the urine IL-18 level was 0.77. This 
indicates that IL-18 has a moderate or above value in the 
early diagnosis AKI.24 Furthermore, it is found that urine 
IL-18 level in patients with cirrhosis can be used to dis-
tinguish ischemic acute tubular necrosis and other types of 
renal damage, and predict the short-term mortality in such 
patients.25 The increase of IL-18 in urine is liable to be 
influenced by sepsis, inflammation, lung injury, heart fail-
ure, immune injury and other factors, causing this to 
poorly predict the long-term prognosis of AKI patients.26 

However, IL-18 therapy may be used as an AKI therapeu-
tic method in the future.

CysC
CysC is mainly generated by karyotes, and this can almost 
be completely filtered by glomeruli, and finally completely 
reabsorbed in proximal tubules.27 Hence, there is no CysC 
in urine. CysC is not influenced by gender, age and muscle 
content. Furthermore, its distribution volume is 1/3 of 
creatinine, and it could more quickly reflect the kidney 
function injury, when compared to serum creatinine. An 
increase in urine CysC suggests that there is renal kidney 
injury. Therefore, CysC has certain advantages in the early 
diagnosis AKI and prognosis evaluation.28 A study 
revealed that in acute respiratory distress in premature 
newborns, when the CysC threshold is >1.3 mg/L, the 
sensitivity and specificity for AKI diagnosis is 92.3% 

and 96%, respectively. This can earlier predict the occur-
rence of AKI, when compared to creatinine and the glo-
merular filtration rate.29 For the early diagnosis of AKI, 
CysC can diagnose AKI at 24–48 hours earlier, when 
compared to SCr.30 However, for serious kidney injury, 
since the glomerular filtration rate is significantly 
decreased, serum CysC has no advantages, when com-
pared to SCr.31

Human Cartilage Glycoprotein 39
White cartilage glycoprotein 39 is a glycoprotein involved 
in inflammation, cell protection and repair, and is pro-
duced by a variety of cells, which include kidney macro-
phages. The high urine level of human cartilage 
glycoprotein-39 in dead kidney donors is not only corre-
lated to AKI, but also correlated to the improvement of 
graft function and the glomerular filtration rate at six 
months. This may indicate that the increase of this marker 
may represent the beginning of an effective repair.12 

Hence, human cartilage glycoprotein 39 is a potential bio-
marker that may be used to predict the severity and recov-
ery of AKI.

In summary, there is no consensus on when to use 
biomarkers to predict renal recovery time. The reason is 
correlated to the confounding factors (sepsis, fluid status, 
etc.) and severity of AKI or AKD, and the determination 
on whether to accept renal replacement therapy.14 Unlike 
the use of troponins for confirmation of myocardial infarc-
tion, identification of a single marker for AKI seems 
unlikely.

Imaging Methods
Since kidney function is significantly correlated with the 
blood perfusion of renal parenchyma, the dynamic detec-
tion of renal blood perfusion may sensitively reflect the 
changes in kidney function. At present, the common ima-
ging methods for evaluating renal function through clinical 
application are radionuclide renal dynamic imaging, spiral 
computed tomography (CT) enhancement scan, magnetic 
resonance imaging (MRI), and ultrasound.

Radionuclide Renal Dynamic Imaging
Radionuclide renal dynamic imaging is the clinical stan-
dard of determining the glomerular filtration rate at pre-
sent, with the classic method of 99mTc-DTPA renal 
dynamic imaging, Gates. The test method is performed 
to conduct the radioactive counting of the drug in the 
kidneys after the intravenous injection of 99mTcDTPA 
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for a period of time, in order to calculate the glomerular 
filtration rate and the corresponding imaging of urinary 
system.32 This may provide the information on the mor-
phology of double kidneys, the function of the renal par-
enchyma, and the unobstructed urinary tract and renal 
blood perfusion, using the 99mTc-DTPA renal dynamic 
imaging Gates method. At present, the method applied is 
the imaging method for obtaining the split-renal function 
for non-invasive quantification, and this is used to evaluate 
the severity and prognosis of renal disease in clinic, 
and the change in illness before and after treatment, and 
guide the dialysis treatment of patients with renal failure, 
or evaluate the timing of the renal transplantation.23 

However, when the glomerular filtration rate of the patient 
is decreases to a certain degree, the determination results 
with this method would no longer be accurate, which may 
have a certain effect on the evaluation of kidney function 
and guidance of clinical treatment.33,34 Hence, there are 
many disputes for the accuracy of renal dynamic imaging 
through the Gates method.

Spiral CT Enhancement Scan
Iopromide or iohexol is the commonly used CT contrast 
agent, which would not be secreted or reabsorbed in the 
kidney tubule.35 This may be used as a tracer agent to 
determine the kidney function. There is a good linear rela-
tion between the concentration of renal CT contrast agent 
and CT attenuation value. Therefore, the product of kidney 
volume and CT enhancement value may be used for eval-
uating kidney function.36 Hence, spiral CT is a reliable tool 
to determine whether the contrast agent is filtered by the 
kidney. Renal blood perfusion and renal filtration effect the 
CT enhancement at different stages, and have different 
effects on renal CT value.35,36 Therefore, contrast media 
can cause renal injury, which limits the application of 
enhanced CT.. The accuracy of kidney function by the CT 
enhancement scan remains to be improved.

Magnetic Resonance Imaging
MRI techniques that are applied more in the evaluation of 
kidney function are diffusion weighted imaging (DWI) and 
diffusion tensor imaging (DTI). The principles are to 
reflect the changes in the pathophysiology of renal tissues 
through the measurement of diffusion of water molecules 
and tissue perfusion in the kidney. DTI was developed and 
deepened from DWI, which has quantified the directional 
preference of water molecule diffusion. The movement 
characteristics of water molecules can be expressed by 

the apparent diffusion coefficient (ADC). ADC combines 
the parameters of dispersion and perfusion to reflect the 
diffusibility in the whole tissue. The diffusion character-
istics of water molecules in the kidney may reflect the 
kidney function. Some previous studies speculate that the 
ADC value may directly reflect the damage degree of 
kidney function, based on the correlation between the 
ADC value and renal function indicator.37 However, 
ADC is a semi-quantitative indicator, and can indirectly 
reflect the kidney function. A large number of studies are 
still needed to further confirm the sensitivity and specifi-
city of renal function impairment diagnosed by ADC.

Evaluation of Kidney Function by 
Two-Dimensional Ultrasound
Although the information of renal structure and renal blood 
perfusion can be obtained with the imaging examination 
methods above, this is not suitable for evaluating the kidney 
function of patients with kidney injury due to limitations, 
such as the renal toxicity of contrast agent, expensive exam-
ination price, radiation failure of point-of-care, dynamic and 
bedside testing, etc. Point of care ultrasound has rapidly 
been developed in recent years. At present, the main ultra-
sonic methods for evaluating renal perfusion are two- 
dimensional ultrasound and Doppler ultrasound resistance 
index determination with ultrasound contrast. For two- 
dimensional ultrasound, the normal kidney is oval, the 
renal parenchyma has a low-level echo, which is lower 
than that of the liver and spleen, under this kind of ultra-
sound, and the renal sinus presents a high-level echo. The 
long diameter of the normal kidney was 9–12 cm, the 
transverse diameter was 5–7 cm, and the thickness was 
4–6 cm. The thickness of the renal parenchyma was 
1.4–1.8 cm. The renal long diameter was the most useful 
parameter to identify acute and chronic renal diseases, and 
evaluate the kidney function in the two-dimensional mea-
surement parameters of kidneys. At the same time, two- 
dimensional ultrasound may screen the renal insufficiency 
that resulted from the cause of obstruction. The renal par-
enchyma is thickened and kidney volume is increased at 
different degrees in the case of acute renal insufficiency.38 

The acute renal insufficiency, which resulted from the renal 
venous thrombosis, acute tubular necrosis and acute inter-
stitial nephritis, may lead to the increase of kidney volume. 
Among the patients who have renal failure that resulted from 
chronic glomerulonephritis, with the progression of disease, 
the kidney volume is gradually reduced, the cortex echo is 
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enhanced, and the corticomedullary differentiation is 
vague.39

Doppler Ultrasound Kidney Resistance 
Index
Renal blood flow is mainly determined by kidney vessel 
(including the afferent arteriole, efferent arteriole and inter-
lobar artery) resistance. The changes in renal blood perfu-
sion can be evaluated half-quantitatively through the 
positioning of the vessels above. Lerolle reported that for 
critical patients diagnosed with AKI, there was a significant 
correlation between the increase in resistant index (RI) and 
occurrence of AKI through the repeated measurement of RI 
of the interlobar artery or arcuate artery.40 Renal RI has no 
normal value at present. In general, a healthy person’s RI is 
approximately 0.6, with a high limit of 0.7.41 Radermacher 
found that the changes in RI of patients after the renal 
transplantation correlated with the prognosis.42 Some stu-
dies have revealed that RI obviously increased at the AKI 
oliguria stage and migratory stage, and that this was more 
than 0.7 in general. Furthermore, 2–3 times of monitoring 
was conducted every week at the AKI oliguria stage and 
recovery stage. If RI processivity was reduced, the prog-
nosis would be better, while if RI continued to grow or had 
no significant decline, this suggested that the prognosis was 
poorer.43 Measuring RRI immediately after major surgery 
and using a cut-off value ≥0.715 may provide an excellent 
tool in the detection of the onset of AKI.44 However, RI is 
closely related to cardiac function, vascular elasticity and 
renal interstitial condition, and is not a good indicator of 
renal perfusion,45 the measurement of kidney RI by ultra-
sound are affected by factors, such as the patient’s breathing 
activity, body position, arterial compliance and intra- 
abdominal pressure, etc. Hence, ultrasound cannot accu-
rately quantify the renal blood flow velocity. In recent 
years, studies on the use of renal RI to determine and 
evaluate AKI have been steadily decreasing. The investiga-
tors consider that for patients with AKI that resulted from 
different diseases, more studies are needed to evaluate the 
value of renal RI to AKI in evaluating the critical degree 
and predicting the prognosis.

Ultrasound Contrast
Among AKI patients, the changes in renal blood perfusion 
was significant.44 Furthermore, 90% of the renal blood 
perfusion is concentrated on the renal cortex, and all or 
the local renal blood perfusion of the renal cortex have 

various degrees of changes at the early stage of renal 
injury.45 The microbubble contrast agent completely 
cycles in the blood vessel after being injected into the 
peripheral vein, which belongs to the hemodynamic 
change, and is similar to red blood cell (RBC) movement. 
The renal ultrasound contrast imaging successively 
revealed that the renal-artery-renal cortex-renal medulla 
was rapidly enhanced. Hence, the early diagnosis of the 
renal lesion and renal perfusion should be conducted using 
the ultrasonic contrast value and time intensity curve (TIC) 
at different time points. In a study on the ultrasound 
contrast of an AKI rabbit model induced by cis- 
platinum,46 SCr was found earlier than AKI by the ultra-
sound contrast, and the severity was evaluated. Cao et al47 

reported that the renal ultrasound contrast may dynami-
cally and non-invasively monitor the renal ischemic 
reperfusion injury and early predict the progression of 
AKI-CKD. The clinical application of the ultrasound con-
trast is increasing, but there is still has no accepted renal 
perfusion standard.48 This limits quantitative renal blood 
perfusion to some extent.

Even though the biomarker may judge the severity of 
kidney injury and suggest the patient’s prognosis to some 
extent, there is still no standard for diagnosing kidney 
injury at present. This category is likely to be the diagnosis 
and evaluation standards for kidney injury when the new 
biomarker is studied at the same time. For the imaging, 
bedside ultrasound is a good method for the early evalua-
tion of AKI and renal perfusion, and prediction of the 
patient’s prognosis. The dynamic changes in RI may 
have a certain value to the prognosis of AKI patients. 
Although there have been few studies, the contrast- 
enhanced ultrasound technique has exhibited the charac-
teristics of real-time evaluation, no damage and high 
accuracy to the renal perfusion. In addition, this allows 
for the more accurate evaluation of the situation of the 
local and overall kidney of AKI patients, in combination 
of the targeted drug and contrast agent, using the micro-
bubble technique.

In conclusion, although there are many limitations and 
disadvantages for evaluating the kidney function of critical 
patients by creatinine and urine volume, creatinine and 
urine volume are still the important indicators for diagnos-
ing and evaluating kidney injury.
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