
 Crit Care Shock (2026) 29:47-56 

Comparative diagnostic performance of renal resistive index and 
urinary KIM-1 for early detection of sepsis-associated acute kidney 
injury in critically ill patients 
 

Jaka Herbiyanto1, Ari Santri Palinrungi1,2, Haizah Nurdin1,2, Hisbullah1,2, Faisal Muchtar1,2, Andi Adil1,2 

Abstract 
Objective: This study compared the diagnostic 
performance of the renal resistive index (RRI) 
and urinary kidney injury molecule-1 (KIM-1) 
for early detection of acute kidney injury (AKI) 
in septic intensive care unit (ICU) patients. 
Design: Observational analytic study with a 
nested case–control design within a prospective 
cohort. 
Setting: Intensive Care Unit of Dr. Wahidin 
Sudirohusodo General Hospital, Makassar, 
Indonesia, with laboratory analyses at 
Hasanuddin University Hospital. 
Patients and participants: Forty-four septic 
adults (18–60 years) with normal baseline renal 
function were enrolled. Patients with chronic 
kidney disease, preexisting AKI, malignancy, or 
heart failure were excluded. Within 48 hours, 20 
developed AKI based on Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria. 
Interventions: None were applied. RRI was meas- 

ured by Doppler ultrasonography, and urinary 
KIM-1 concentrations were determined by 
enzyme-linked immunosorbent assay (ELISA) 
within 24 hours of ICU admission and again 24 
hours later. 
Measurements and results: Both RRI and urinary 
KIM-1 were significantly higher in patients who 
developed AKI. At admission, RRI showed 
better diagnostic performance (area under the 
curve [AUC]=0.881, sensitivity=75.0%, 
specificity=79.2%), than KIM-1 (AUC=0.781). 
After 24 hours, RRI accuracy declined 
(AUC=0.757), while KIM-1 improved 
(AUC=0.904). 
Conclusions: RRI reflects early functional 
hemodynamic changes, whereas urinary KIM-1 
indicates structural tubular injury and becomes 
more predictive over time. Combined assessment 
of both biomarkers may enhance early detection 
of sepsis-associated AKI. 

Keywords: Sepsis, acute kidney injury, renal resistive index, urinary KIM-1. 

Crit Care Shock 2026 Vol. 29 No. 2 47 

Address for correspondence: 
Jaka Herbiyanto, MD 
Department of Anesthesiology, Intensive Care and Pain Man-
agement, Faculty of Medicine, Hasanuddin University, Makas-
sar, Indonesia 
Perintis Kemerdekaan Street Km. 10, Makassar, South Sula-
wesi, Indonesia 
Tel: +62-853-9452-1584 
Email: jherbiyanto@yahoo.co.id 

1. Department of Anesthesiology, Intensive Care and Pain 
Management, Faculty of Medicine, Hasanuddin University, 
Makassar, Indonesia 

2. Wahidin Sudirohusodo Hospital, Makassar, Indonesia 

Introduction 
Acute kidney injury (AKI) is one of the most fre-
quent and severe complications in patients with sep-
sis. (1) It represents a major clinical problem in in-
tensive care units, contributing substantially to mor-
bidity, mortality, and prolonged hospital stay. (2) 
Sepsis-associated acute kidney injury (SA-AKI) is 
characterized by a sudden decline in renal function 
resulting from the systemic inflammatory response, 
hemodynamic instability, and cellular injury. (3) 
The incidence of SA-AKI continues to rise globally, 
posing a serious burden on healthcare systems. (4) 
The development of AKI in septic patients mark-
edly worsens prognosis, leading to higher mortality 
rates and an increased risk of chronic kidney dis-           
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ease. (5) A significant proportion of these patients 
require renal replacement therapy to maintain ho-
meostasis, which further increases treatment costs 
and complications. (6) Early identification and 
prompt intervention are therefore essential to im-
prove patient survival and prevent irreversible renal 
damage. (7) 
The pathophysiology of SA-AKI is complex and 
multifactorial. It involves dysregulation of immune 
and inflammatory pathways, endothelial dysfunc-
tion, oxidative stress, and alterations in renal micro-
circulation. (8) In contrast to traditional ischemic 
AKI, renal blood flow in sepsis may remain normal 
or even elevated. Yet the kidneys fail to maintain 
adequate filtration due to microvascular and cellular 
dysfunction. (9) These mechanisms highlight the 
need for more sensitive diagnostic markers beyond 
conventional renal function tests. (10) 
Serum creatinine and urine output remain the stand-
ard diagnostic tools for AKI, but both have signifi-
cant limitations. (11) Serum creatinine levels rise 
late after renal injury and are influenced by non-re-
nal factors such as muscle mass, medication use, 
and fluid status. (12) Urine output is also unreliable 
in critically ill patients due to variations in diuretic 
use and fluid resuscitation. (13) These shortcomings 
make the detection of early kidney injury challeng-
ing in septic patients. (14) 
The renal resistive index (RRI), measured noninva-
sively using Doppler ultrasonography, reflects in-
trarenal vascular resistance and provides real-time 
information about renal perfusion. (15) Meanwhile, 
kidney injury molecule-1 (KIM-1) is a transmem-
brane glycoprotein expressed in proximal tubular 
epithelial cells in response to ischemic or inflamma-
tory stress. (16) Elevated urinary KIM-1 indicates 
tubular cell injury and may serve as an early bi-
omarker of renal dysfunction before overt changes 
in serum creatinine occur. (17) 
Given the clinical importance of timely recognition, 
accurate early detection tools are crucial for guiding 
management and preventing the progression of re-
nal injury in sepsis. (18) Both RRI and urinary KIM-
1 have potential roles in identifying subclinical re-
nal dysfunction, yet their comparative diagnostic 
performance remains uncertain in the local context. 
(19) Although both RRI and urinary KIM-1 have 
shown promise as early biomarkers of renal injury, 
few studies have directly compared their diagnostic 
performance in sepsis-associated AKI, particularly 
in resource-limited settings such as Indonesia. This 
study aimed to address this gap by evaluating their 
comparative accuracy in critically ill septic patients, 
and to compare the diagnostic value of RRI and uri-
nary KIM-1 for early detection of acute kidney in-          
. 

jury in septic patients admitted to the intensive care 
unit of Dr. Wahidin Sudirohusodo General Hospi-
tal. 
 
Materials and methods 
Study design 
This research employed an observational analytic 
approach with a nested case–control design within a 
prospective cohort of septic patients admitted to the 
Intensive Care Unit (ICU) of Dr. Wahidin 
Sudirohusodo General Hospital, Makassar, 
Indonesia. The study was designed to compare the 
diagnostic performance of RRI and urinary KIM-1 
for early detection of AKI in sepsis. 
 
Study setting and duration 
The study was conducted at Dr. Wahidin 
Sudirohusodo General Hospital, with specimen 
collection performed in the ICU and urinary KIM-1 
laboratory analysis performed at the Research 
Laboratory Unit of Hasanuddin University 
Hospital. The research was implemented from June 
2025 until the minimum sample size was achieved. 
 
Study population and sample 
The study population consisted of all septic patients 
treated in the ICU during the study period. Subjects 
who fulfilled the inclusion criteria and agreed to 
participate were enrolled consecutively. The sample 
size was determined using a diagnostic test formula 
with an expected sensitivity of 84.2%, a prevalence 
of AKI in septic patients of 60.2%, a confidence 
level of 95% (α=0.05), and an allowable margin of 
error of 0.2, yielding a minimum of 22 participants. 
 
Eligibility criteria 
Patients were eligible for inclusion if they were 
adults aged 18 to 60 years, had a clinical diagnosis 
of sepsis with a Sequential Organ Failure 
Assessment (SOFA) score of at least 2, and had 
normal renal function before ICU admission. 
Patients were excluded if they had a malignancy, 
preexisting AKI, chronic kidney disease with an 
estimated glomerular filtration rate (eGFR) below 
60 ml/min/1.73 m², a history of kidney trans-
plantation, end-stage renal disease, or congestive 
heart failure. Subjects who developed other renal 
complications, withdrew from the study, or failed to 
complete follow-up examinations were classified as 
dropouts. 
 
Data collection procedure 
Eligible patients were recruited at the time of sepsis 
diagnosis, and baseline demographic and clinical 
data were recorded. Within the first twenty-four            
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hours, renal perfusion was assessed using Doppler 
ultrasonography to obtain RRI values, and urine 
samples were collected for KIM-1 analysis. The 
RRI was measured by calculating the difference 
between the peak systolic and end-diastolic 
velocities, divided by the peak systolic velocity, 
from interlobar or arcuate arteries under 
standardized conditions. RRI was measured using a 
convex 3.5–5 MHz probe (e.g., Philips CX50) with 
the insonation angle <60° in the interlobar arteries 
of the right kidney. Three consecutive 
measurements were averaged. Urinary KIM-1 
concentration was quantified using a commercial 
enzyme-linked immunosorbent assay (ELISA) kit, 
with results expressed in nanograms per milliliter. 
At forty-eight hours after sepsis diagnosis, each 
patient was evaluated for AKI development based 
on the Kidney Disease: Improving Global 
Outcomes (KDIGO) criteria. AKI was defined as an 
increase in serum creatinine of at least 0.3 mg/dl 
within forty-eight hours, or 50% within seven days, 
or a urine output of less than 0.5 ml/kg/hour for a 
minimum of six hours. Patients were then 
categorized into AKI and non-AKI groups 
accordingly. 
 
Statistical nalysis 
Data were analyzed using SPSS version 27.0 for 
Windows. Continuous variables were assessed for 
normality using the Shapiro–Wilk test and 
presented as mean with standard deviation or 
median with interquartile range. In contrast, 
categorical data were presented as frequencies and 
percentages. The differences between AKI and non-
AKI groups were analyzed using an independent t-
test or Mann-Whitney U test for continuous data, 
and chi-square or Fisher’s exact test for categorical 
variables. 
The diagnostic performance of RRI and urinary 
KIM-1 was evaluated through receiver operating 
characteristic (ROC) curve analysis, which 
provided the area under the curve (AUC), optimal 
cutoff points, sensitivity, specificity, positive 
predictive value (PPV), negative predictive value 
(NPV), likelihood ratios, and overall diagnostic 
accuracy. Comparative assessment between RRI 
and KIM-1 was conducted using binary logistic 
regression. A p-value below 0.05 was considered 
statistically significant. 
 
Ethical approval and consent to participate 
This study received ethical approval from the 
Health Research Ethics Committee of the Faculty of 
Medicine, Hasanuddin University, under protocol 
number 283/UN4.6.4.5.31/PP36/2025, with ethical     
. 

clearance granted on May 6, 2025. The research 
protocol was reviewed through an expedited pro-
cess. All study procedures adhered to institutional 
and national ethical standards, and written informed 
consent was obtained from all participants before 
inclusion, in accordance with the Declaration of 
Helsinki. 
 
Result 
Characteristics of research subjects 
Table 1 presents the baseline characteristics of the 
study subjects according to AKI status. The mean 
age in the AKI group was 50.35±14.82 years, while 
in the non-AKI group it was 51.83±14.55 years, 
with a p-value of 0.740, indicating no significant 
difference. The mean body mass index (BMI) in the 
AKI group was 22.28±2.34 kg/m², compared with 
22.75±4.52 kg/m² in the non-AKI group (p-
value=0.673), indicating no significant difference. 
The distribution of sex was relatively balanced 
between the two groups, with males accounting for 
65.0% and females 35.0% in the AKI group, and 
males 62.5% and females 37.5% in the non-AKI 
group (p=0.864). Conversely, the SOFA score 
showed a significant difference, with a mean of 
6.75±1.65 in the AKI group and 4.67±1.86 in the 
non-AKI group (p<0.001). 
 
Hemodynamic monitoring and acute kidney injury 
biomarkers at admission in critically ill patients in 
the ICU 
Table 2 presents a comparison of hemodynamic pa-
rameters and renal biomarkers between patients 
who developed AKI and those who did not. Regard-
ing hemodynamic parameters, patients with AKI 
had a lower mean systolic blood pressure 
(118.90±20.59 mmHg) than those without AKI 
(126.63±20.62 mmHg), although this difference 
was not statistically significant (p=0.223). Diastolic 
blood pressure also tended to be lower in the AKI 
group (69.50±15.18 mmHg) than in the non-AKI 
group (77.13±10.49 mmHg; p=0.056). In contrast, 
the mean arterial pressure (MAP) was significantly 
lower in patients with AKI (81.20±15.81 mmHg) 
than in those without AKI (90.75±13.60 mmHg; 
p=0.037). 
In terms of inotropic and vasopressor support, do-
butamine use was slightly higher among patients 
with AKI (5.0% vs. 0%), though the difference was 
not statistically significant (p=0.268). Conversely, 
norepinephrine use differed significantly, with half 
of the AKI patients requiring norepinephrine 
(50.0%) compared to only 16.7% of non-AKI pa-
tients (p=0.018). 
Regarding renal biomarkers, highly significant dif-      
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ferences were observed. The RRI was higher in pa-
tients with AKI (0.715±0.035) compared to those 
without AKI (0.659±0.039; p<0.001). Similarly, 
urinary KIM-1 levels were markedly elevated in the 
AKI group (1.49±0.55) relative to the non-AKI 
group (0.96±0.31; p<0.001). 
 
Predictive ability of RRI and urinary KIM-1 at ad-
mission for acute kidney injury occurrence 
Table 3 and Figure 1 show a comparison of the di-
agnostic performance of RRI and urinary KIM-1 at 
admission in predicting AKI among critically ill pa-
tients in the ICU of Wahidin Sudirohusodo Hospital 
illustrate the diagnostic ability of these two bi-
omarkers in detecting AKI. ROC analysis revealed 
that RRI demonstrated the highest diagnostic value, 
with an AUC of 0.881 (95% CI: 0.779–0.984), sen-
sitivity of 75.0%, and specificity of 79.2% at a cut-
off point of 0.685 (p<0.001). This finding indicates 
that RRI is the most accurate predictor of AKI at 
admission. The urinary KIM-1 biomarker showed 
an AUC value of 0.781 (95% CI: 0.640–0.922), with 
a sensitivity of 70.0% and specificity of 70.8% at a 
cut-off point of 1.08 (p=0.001), demonstrating good 
diagnostic performance, although slightly lower 
than that of RRI. 
 
Predictive ability of 24-hour RRI and urinary KIM-
1 for acute kidney injury occurrence 
Table 4 and Figure 2 show a comparison of the di-
agnostic performance of 24-hour RRI and urinary 
KIM-1 in predicting AKI among septic patients in 
the ICU of Wahidin Sudirohusodo Hospital, demon-
strating the diagnostic performance of both param-
eters after 24 hours of treatment. The RRI showed 
an AUC of 0.757 (95% CI: 0.616–0.900), with a 
sensitivity of 65.0% and a specificity of 66.7% at a 
cut-off point of 0.715 (p=0.004). This indicates that 
the diagnostic ability of RRI after 24 hours was 
lower compared to that at admission. Conversely, 
the urinary KIM-1 biomarker demonstrated excel-
lent diagnostic performance, with an AUC of 0.904 
(95% CI: 0.820–0.989), sensitivity of 75.0%, and 
specificity of 79.2% at a cut-off point of 1.827 
(p<0.001). These findings confirm that urinary 
KIM-1 exhibits high accuracy in predicting AKI 
during the early phase of treatment. 
 
Discussion 
This study was conducted in the ICU of Dr. Wahidin 
Sudirohusodo Hospital, Makassar, to compare the 
diagnostic performance of the RRI and urinary 
KIM-1 in the early detection of AKI among septic 
patients. 
In this study, the mean age of patients with AKI was 

50.35±14.82 years, similar to that of patients with-
out AKI. This finding contrasts with Kahar et al., 
who reported that aging was an independent predic-
tor of AKI due to progressive glomerular filtration 
rate (GFR) decline and structural changes in renal 
vasculature. (20–22) BMI and gender distribution 
also showed no significant differences between 
groups, consistent with Peng et al., who found that 
AKI incidence and outcomes in sepsis were compa-
rable between males and females. (23) Although Ju 
et al. reported that obesity increased AKI risk 
through glomerular hyperfiltration and inflamma-
tory pathways, our results did not reflect this asso-
ciation, likely because subjects had a relatively ho-
mogeneous BMI profile. (24) 
A significant difference in SOFA scores was ob-
served, with higher mean values in the AKI group. 
This aligned with Widjanarko et al. and Lee et al., 
who identified the SOFA score as an independent 
predictor of AKI, reflecting the severity of multi-or-
gan dysfunction. (24,25) Similarly, Zhang et al. 
demonstrated that higher SOFA scores were associ-
ated with earlier onset of AKI in coronavirus disease 
2019 (COVID-19) patients. (26) 
Hemodynamically, patients with AKI had lower 
MAP and required norepinephrine more frequently. 
These findings were consistent with Asfar et al., 
who reported that maintaining MAP between 85–90 
mmHg reduced AKI incidence in septic patients 
with chronic hypertension. (27) The results reaffirm 
that adequate renal perfusion remains a critical de-
terminant of septic AKI. 
At ICU admission, RRI demonstrated strong diag-
nostic accuracy, outperforming urinary KIM-1. Af-
ter 24 hours, RRI performance declined, while uri-
nary KIM-1 improved markedly, indicating differ-
ent diagnostic windows for each biomarker. The de-
crease in RRI diagnostic accuracy after 24 hours 
may reflect hemodynamic stabilization, vasopressor 
titration, or improved renal perfusion following re-
suscitation, which reduces its discriminatory power. 
These findings were consistent with Ghosh et al., 
Baidya et al., and Dawood et al., who demonstrated 
higher RRI values in septic AKI patients and strong 
predictive ability. (28–30) RRI, a Doppler-based 
noninvasive parameter, reflects renal perfusion and 
vascular resistance. It rises early in sepsis before 
changes in serum creatinine occur. (31) Local stud-
ies from Indonesia also support this, with Bossard 
et al. reporting high RRI diagnostic accuracy for 
postoperative and septic AKI. (32) 
Meanwhile, urinary KIM-1 levels were signifi-
cantly higher in AKI patients both at admission and 
after 24 hours, showing improved diagnostic perfor-
mance over time. These findings are comparable to   
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Brozat et al., who found elevated serum KIM-1 in 
septic AKI and in those requiring renal replacement 
therapy. (33) Similarly, Elliyanti et al. and Tu et al. 
reported high sensitivity and specificity of urinary 
KIM-1 for early sepsis-associated AKI. (34,35) 
Mechanistically, KIM-1 is expressed on proximal 
tubular cells following ischemic or toxic injury, 
marking early tubular damage. (1,36) 
Collectively, our data indicated that RRI serves as a 
rapid functional biomarker, reflecting early hemo-
dynamic alterations in renal microcirculation, 
whereas KIM-1 reflected structural tubular injury 
and became more predictive after 24 hours. This 
temporal difference suggested that combining both 
biomarkers may improve diagnostic precision for 
septic AKI. Similar multi-marker approaches com-
bining functional and structural indicators have 
been shown to enhance AKI prediction. Combining 
RRI (functional) and KIM-1 (structural) into a dual-
marker approach could enhance the predictive accu-
racy of SA-AKI, as shown in previous multi-marker 
models involving neutrophil gelatinase-associated 
lipocalin (NGAL) and cystatin-C. (37,38) 
Therefore, integrating RRI and KIM-1 assessments 
could form the basis for an early AKI diagnostic al-
gorithm in ICU sepsis management. Although the 
sample size was limited and only two biomarkers 
were evaluated, this study provided critical regional 
data from eastern Indonesia and supported further 
multicenter validation. Future research should in-
clude larger, diverse populations, and additional bi-
omarkers (e.g., NGAL, cystatin-C) to develop a 
comprehensive predictive model linked to clinical 
outcomes such as ICU stay, dialysis requirement, 
and mortality. 
 
Limitation 
This study had several limitations, including a rela- 

tively small sample size, a homogeneous population 
of septic ICU patients, and potential hemodynamic 
and vasopressor influences on RRI values. Only two 
biomarkers (RRI and urinary KIM-1) were evalu-
ated, without inclusion of others such as NGAL or 
cystatin-C, limiting the scope of interpretation. The 
obtained cut-off values were population-specific 
and required validation in larger, multicenter stud-
ies. We also did not evaluate longitudinal outcomes 
such as the need for renal replacement therapy, ICU 
mortality, or renal recovery, which could strengthen 
the clinical applicability of these biomarkers. Future 
research should involve more diverse samples, ad-
ditional biomarkers, and the assessment of clinical 
outcomes, such as ICU length of stay, renal replace-
ment therapy requirements, and mortality. 
 
Conclusion 
At ICU admission, the RRI demonstrated the high-
est diagnostic performance for predicting AKI, with 
an AUC of 0.881, sensitivity of 75.0%, and speci-
ficity of 79.2%, outperforming urinary KIM-1. 
However, after 24 hours of treatment, the diagnostic 
accuracy of RRI declined, while urinary KIM-1 
showed markedly improved validity. 
Overall, RRI serves as an early functional bi-
omarker that rapidly identifies patients at risk of 
AKI upon ICU admission. In contrast, urinary KIM-
1 provides greater diagnostic precision after 24 
hours by reflecting tubular injury. The combination 
of both biomarkers enhances the early detection and 
management of sepsis-associated AKI in critically 
ill patients. 
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Table 1. Characteristics of research subjects 
 
Variable AKI occurrence p-value 

Yes (n=20) No (n=24) 
Age (years) 50.35±14.82 51.83±14.55 0.740 
BMI (kg/m²) 22.28±2.34 22.75±4.52 0.673 
Sex 
- Male 
- Female 

 
13 (65.0%) 
7 (35.0%) 

 
15 (62.5%) 
9 (37.5%) 

0.864 

SOFA score 6.75±1.65 4.67±1.86 <0.001 
 
Legend: AKI=acute kidney injury; BMI=body mass index; SOFA=Sequential Organ Failure Assessment. 
Values are n (%) or mean±SD, unless stated otherwise. Continuous variables were compared using an 
independent-samples t-test and categorical variables were compared using the Pearson chi-square test. 
 
 
 
Table 2. Hemodynamic monitoring and acute kidney injury biomarkers at admission in critically ill patients 
in the ICU 
 
Variable AKI occurrence p-value 

Yes (n=20) No (n=24) 
Systolic blood pressure 118.90±20.59 126.63±20.62 0.223 
Diastolic blood pressure 69.50±15.18 77.13±10.49 0.056 
Mean arterial pressure 81.20±15.81 90.75±13.60 0.037 
Dobutamine 
- Yes 
- No 

 
1 (5.0%) 
19 (95.0%) 

 
0 (0.0%) 
24 (100.0%) 

0.268 

Norepinephrine 
- Yes 
- No 

 
10 (50.0%) 
10 (50.0%) 

 
4 (16.7%) 
20 (83.3%) 

0.018 

RRI 0.715±0.035 0.659±0.039 <0.001 
Urinary KIM-1 1.49±0.55 0.96±0.31 <0.001 

 
Legend: ICU=intensive care unit; AKI=acute kidney injury; RRI=renal resistive index; KIM-1=kidney injury 
molecule-1. 
Values are n (%) or mean±SD, unless stated otherwise. Continuous variables were compared using an inde-
pendent-samples t-test and categorical variables were compared using the Pearson chi-square test. 
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Table 3. Comparison of the diagnostic performance of RRI and urinary KIM-1 at admission in predicting 
acute kidney injury among septic patients in the ICU 
 
Variable AUC Sensitivity Specificity Cut-off  p-value 
RRI 0.881 (0.779–0.984) 75.0% 79.2% 0.685 <0.001 
Urinary KIM-1 0.781 (0.640–0.922) 70.0% 70.8% 1.089 0.001 

 
Legend: RRI=renal resistive index; KIM-1=kidney injury molecule-1; ICU=intensive care unit; AUC=area 
under the curve. 
 
 
 
Table 4. Comparison of the diagnostic performance of 24-hour RRI and urinary KIM-1 in predicting acute 
kidney injury among septic patients in the ICU 
 
Variable AUC Sensitivity Specificity Cut-off  P-Value 
RRI 0.757 (0.616–0.900) 65.0% 66.7% 0.715 0.004 
Urinary KIM-1 0.904 (0.820–0.989) 75.0% 79.2% 1.827 <0.001 

 
Legend: RRI=renal resistive index; KIM-1=kidney injury molecule-1; ICU=intensive care unit; AUC=area 
under the curve. 
 
 
 
Figure 1. ROC curves of RRI and urinary KIM-1 at admission for predicting acute kidney injury 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend: ROC=receiver operating characteristic; RRI=renal resistive index; KIM-1=kidney injury molecule-1. 

Crit Care Shock 2026 Vol. 29 No. 2 53 



Figure 2. ROC curves of 24-hour RRI and urinary KIM-1 in predicting acute kidney injury 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend: ROC=receiver operating characteristic; RRI=renal resistive index; KIM-1=kidney injury molecule-1. 
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