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Diagnostic Accuracy of Plasma Cystatin C and Renal Resistive Index for Acute Kidney Injury in Critically Ill Patients: A Prospective Observational Study.
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Background: Acute kidney injury (AKI) is a quite common problem in critically ill patients. Serum cystatin C has emerged as a marker of AKI. This study was aimed to evaluate the diagnostic ability of serum Cystatin-C and Renal Resistive Index in prediction of AKI among critically ill patients.
Methodology: This prospective observational study was carried out in the department of Medicine, over a period of one year. After informed consent and ethical clearance total 120 critically ill patients suffering from sepsis were enrolled, out of which 70 patients developed AKI while 50 did not develop AKI during treatment in Intensive care unit (ICU). Serum cystatin C was measured on day 1 by particle-enhanced immune nephelometric assay, Renal resistive index (RRI) calculated by ratio of the velocities of arterial perfusion throughout the cardiac phase and glomerular filtration rate was measured on days 1, 3, and 7 respectively.
Results: S. cystatin C value was significantly higher(>3times) in AKI patients (14.07±4.8 mcg/ml) as compared to those who did not develop AKI (4.28±3.27 mcg/ml) (p0.001). After ROC analysis it was found that day1, S. cystatin C, at cut off value of ≥9.29 mcg/ml had diagnostic accuracy 90% with sensitivity 91%, specificity89% and PPV 95.5%. While RRI value on day 7, at cut-off value of ≥0.72, had diagnostic accuracy 98%, sensitivity (98.6%) and specificity (96.7%) for AKI with 98.6% PPV, 96.7% NPV.
Conclusion: Serum cystatin C appears to be a promising bio- markers for early diagnosis of AKI in critically ill patients. Whereas, RRI although non-invasive had good diagnostic accuracy but it diagnosed AKI after few days thus diagnosis of kidney injury delayed.
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Introduction:
Acute kidney injury (AKI) is a condition characterized by unexpected deterioration of kidney function, resulting in disturbances in fluid and electrolyte homeostasis [1]. AKI occurs in 10–15% of hospitalized patients. Its incidence varies with the criteria used to define it. Approximately 50% cases of renal injury have been reported from intensive care unit. [2,3] Recently initiative (0 by 25) taken by International Society of Nephrology found that globally 1.7 million deaths per year caused by AKI, out of which, around 1.4 million deaths occur in low and middle-income countries [4]. Although in critically ill patients, the most common cause of AKI is thought to be extra renal but the exact cause is still questionable and a great challenge in its management [5]. 
 
To forecast the onset of AKI, the following additional indicators have recently been proposed: renal arterial resistance index (RI) based on Doppler imaging and serum and urine cystatin levels. The noninvasive Doppler-measured measurement known as the renal arterial resistive index has a direct correlation with age, central hemodynamic parameters, renal interstitial and intraabdominal pressures, and intrarenal arterial resistance.[6–9] Radermacher et al., who first employed this method in nephrology, found that patients receiving renal allografts had a worse long-term prognosis when their RI was high.[10] Research conducted on humans revealed that RI was helpful in differentiating between prerenal azotemia and parenchymatous renal failure.[8,9]
Low molecular weight protein Cystatin C is produced by all organism's nucleated cells. After being completely reabsorbed and broken down in the proximal tubular cells, it is freely filtered by the glomeruli. Serum cystatin C (SCys) values are thought to be able to identify a decrease in the glomerular filtration rate (GFR) more precisely and earlier than SCr values. [10,11] According to KDIGO standards, individuals who experienced any stage of AKI while in the hospital were categorized [12].  This study was aimed to evaluate the diagnostic ability of serum Cystatin-C and Renal Resistive Index in prediction of AKI among critically ill patients.
Material and Methods: 
This prospective observational study was carried out in the Department of Medicine, over a period of one year. After informed consent and ethical clearance total 120 critically ill patients suffering from sepsis were enrolled, out of which 70 patients developed AKI while 50 did not develop AKI during treatment in Intensive care unit (ICU). All patients age group of above 18 Years critically ill admitted in Intensive care unit and Patients or attendant giving written informed consent were included in the study.  Patients suffering from a preexisting renal disease that affect renal vascular resistance (unilateral kidney, renal stone disease, chronic renal failure, or renal artery stenosis) and any condition that affect cystatin production (recent corticosteroid therapy and thyroid dysfunction) or patients not ready to take part in the study were excluded. 
The patients who developed any stage of AKI during the course of hospitalization were classified as per KDIGO guidelines [12]. All patients were followed for the next 3 months for the final outcome in terms of partial and complete recovery.  After detailed history and physical examination, laboratory investigations were sent at the time of admission. An automated blood-cell analyzer (Abbott Cell Dyn Ruby Hematology Analyzer, Abbott Park, Illinois, USA) was used for routine hematology testing and an automated clinical biochemistry analyzer (ELITech Selectra ProM, ELITech Group, Puteaux, France) was used for kidney function test, liver function test, serum electrolytes, spot urinary albumin, serum amylase, serum lipase, serum protein and albumin and eGFR estimation was done on day 2, 3, and 4. Blood sample was collected in a plane tube and kept for 30 min in a water bath at 37°C for complete clotting, then after centrifugation, the serum was separated and stored at -400 C in polypropylene tubes for further assay. Samples were taken on day 1, 3, and 7 of admission.  
 Serum cystatin -C was measured by particle-enhanced immune nephelometric assay (Shanghai Sun red Biological Technology Co. Ltd. China) and its measuring range was 0.6–100 ng/ml. The results of cystatin-C were blinded to the medical staff during the study and did not affect the management of patients. 
 
The RRI is obtained from the ratio of the velocities of arterial perfusion throughout the cardiac phase, which is strictly associated with persistent AKI [13]. It imitates the relation between the decline in speed, loss of flow (“flow velocity”) between the peak of systole and the end of diastole in renal blood vessels: RRI = (peak systolic velocity—end-diastolic velocity)/ (peak systolic velocity). RRI was measured using Doppler USS.
 
Statistical analysis:
Statistical analysis was done by using Statistical Package for Social Sciences (SPSS) version 16.0 (IBM Corp, Illinois, Chicago). Continuous variables were expressed as mean ± standard deviation (SD), and categorical variables were expressed as relative frequency and percentage. The chi-square test was used to compare categorical variables. t-test was used to compare two independent groups of normally distributed continuous variables. ANOVA test was used to compare more than two independent groups of normally distributed continuous variables. ROC analysis was done to obtain cut-off value of serum cystatin C and RRI for predicting AKI. A “p-value” of < 0.05 was considered statistically significant.
 
Results:
Out of 120 study participants, the median age of the patients who developed AKI was 46-65 years and in those who did not develop AKI was from 53-68 years. (p=0.033). The proportion of male and female patients was almost equal (58.3% males and 41.7% females) with a male-to-female ratio of 1.1:1. The difference in gender distribution between cases and controls was not statistically significant, indicating well-matched cases and controls in the study. 42.8% and 57.1% of patients were admitted due to surgical and medical etiology out of those patients who developed AKI, while in the patients who did not develop AKI, 40% were surgical patients and 60% were admitted due to medical etiology.  
 
 
Figure 1: 15,500 patients admitted during August 2021 to September 2022 
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Risk factors in the AKI group were, decreased eGFR, sepsis (64.2%), hypertension (21.4%), and diabetes (14.2%), while in non -AKI group sepsis (30.0%), hypertension (20.0%), and diabetes (50.0%). ICU severity score at the time of admission in AKI vs Non-AKI (SOFA score 9.5 vs 6.3), APACHE II score 28 vs 18. (p <0.001).
 
Mean arterial pressure was lower in the AKI group in comparison to the non-AKI group. In the AKI group, 92.8% were on mechanical ventilation while in the non-AKI group, 88% of patients were on mechanical ventilation. Mean serum creatinine, urine microalbumin, and urinary sodium were higher in the AKI group in comparison to the non-AKI group.
 
In the AKI group, 57.1% of patients were on vasopressors, 17.1% of patients were on nephrotoxic medication while in the non-AKI group, 42% of patients were on vasopressors and 16% of patients were 
 
Table 1. Baseline characteristics of patients with AKI and without AKI
 
	Baseline characteristics
	Patients with AKI (n=70)
	Patients without AKI (n=50)
	p-value

	Median Age (Years)
	55 (48±65)
	62 (53±68)
	0.033

	Sex
	 
	 
	 

	Male
	45 (64.2)
	38 (76.0)
	 

	Female
	25 (35.7)
	12 (24.0)
	 

	Type of admission
	 
	 
	 

	Surgical
	30 (42.8)
	20 (40.0)
	0.368

	Medical
	40 (57.1)
	30 ( 60.0)
	0.363

	Risk factors for AKI
	 
	 
	 

	Preadmission eGFR (ml/min2)
	70 (64-80)
	95(70-100)
	<0.001

	Sepsis
	45 (64.2)
	15 (30.0)
	<0.001

	Hypertension
	15 (21.4)
	10 (20.0)
	0.597

	Diabetes
	10 (14.2)
	25(50.0)
	0.845

	ICU severity score
	 
	 
	 

	SOFA score at admission
	9.5 (6.1±13.1)
	6.3 (4.2±8.6)
	<0.001

	APACHE II score
	28 (17-39)
	18 (16-24)
	<0.001

	Organ function at admission
	 
	 
	 

	Mean arterial pressure (mmHg)
	70 (64-84)
	74 (65- 85)
	0.658

	Systolic blood pressure (mmHg)
	108 (98-122)
	110 (92-126)
	0.816

	Diastolic blood pressure (mmHg)
	58 (52-65)
	60 (52- 66)
	0.853

	Heart rate (beats/min)
	80 (60-98)
	75 (65- 80)
	0.345

	Mechanical ventilation
	65 (92.8)
	44(88.0)
	0.099

	Serum urea (mg/dl)
	50 ±10.71
	40±8.37
	0.268

	Serum creatinine (mg/dl)
	1.00 ±0.37
	1.0±0.89
	0.531

	Serum cystatin C (mcg/ml)
	14.07 ±4.80
	4.28±3.27
	<0.001

	eGFR cystatin C (mL/min/1.73m2)
	3.60± 4.64
	30.54±17.00
	<0.001

	RRI
	0.68±0.08
	0.55±0.06
	0.189

	Urine microalbumin (UACR) (mg/dl)
	4.25 (1.11-10.30)
	2.65 (1.70-3.82)
	<0.001

	Urinary sodium in mmol/24hr
	20 (18-70)
	92 (46-116)
	<0.001

	Treatment at admission
	 
	 
	 

	Vaso pressure
	40 (57.1)
	21(42)
	0.015

	Patients receiving nephrotoxic drugs
	12 (17.1)
	8(16)
	0.812

	Outcome
	 
	 
	 

	Length of stay (days)
	 6 (3-16)
	 2 (2-4)
	<0.001


 
 
 
 
 
receiving nephrotoxic medications. The mean length of stay was higher in the AKI group in comparison to the non-AKI group. 
 
Although mean serum creatinine and RRI on day 1 were comparable in the two groups, there are statistically significant differences noted between cases and controls in terms of serum cystatin C and eGFR-cystatin C (p-value less than 0.05). The mean serum cystatin C in cases was 14.07±4.8 mcg/ml, while the value was 4.28±3.27 mcg/ml among control, with a statistically significant difference (p0.001). Along with this, eGFR derived from serum cystatin C levels was significantly lower among the cases 3.6±4.64 mL/min/1.73 m2 as compared to controls 30.54±17 mL/min/1.73 m2 (p<0.001). [Table 1]
 
 
There are statistically significant differences noted between cases and controls in terms of serum creatinine and RRI measured on day 3 and day 7 (p<0.05). [Table 2]
 
Table 2: Evaluation of serum creatinine and RRI of cases and controls on day 3 and day 7 (n=120).
 
	SN
	Vital parameters
	Case (n=70)
	Control (n=50)
	p- value*

	Mean
	SD
	Mean
	SD
	 

	Day 3

	1
	Serum creatinine (mg/dl)
	2.56
	0.69
	0.86
	0.41
	0.017

	2
	RRI
	0.83
	0.09
	0.57
	0.09
	0.033

	Day 7

	3
	Serum creatinine (mg/dl)
	3.59
	0.98
	1.03
	0.49
	<0.001

	4
	RRI
	0.95
	0.20
	0.55
	0.07
	0.029


 
There was a progressive increase in serum creatinine, RRI, and SOFA score on day 3 and day 7 compared to baseline values indicating the development of AKI and worsening of overall patient health status, and these changes were statistically significant (p<0.05). [Figure 2]
 
 
Figure 2: Line diagram showing values of serum creatinine, RRI and SOFA score on day 1, day 3 and day 7 (n=70) among cases.
 
 
 
 
The mean serum creatinine, RRI, and SOFA score were compared between non-AKI and AKI groups (stage I, II, and III AKI) measured on days 3 and day 7. The values of all three parameters increased progressively with the progression of AKI and these changes were statistically significant (p<0.05). [Table 3]
 
Table 3: Comparison of serum creatinine, RRI and SOFA score on day 3 and day 7 among different stages of AKI (n=70). 
 
	SN
	Parameters
	Non-AKI
	Stage 1
	Stage 2
	Stage 3
	p value*

	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Day 3

	1
	S Creatinine (mg/dl)
	0.86
	0.41
	2.05
	0.25
	2.53
	0.56
	2.95
	0.78
	0.002

	2
	RRI
	0.57
	0.09
	0.80
	0.42
	0.83
	0.05
	0.85
	0.13
	0.041

	3
	SOFA score
	10.17
	3.10
	10.83
	1.89
	11.23
	2.34
	11.35
	2.10
	0.025

	Day 7

	4
	S.Creatinine (mg/dl)
	1.03
	0.49
	2.22
	0.19
	3.13
	0.43
	3.98
	0.97
	0.020

	5
	RRI
	0.55
	0.07
	0.85
	0.08
	0.88
	0.04
	0.99
	0.24
	0.044

	6
	SOFA score
	12.46
	4.38
	11.67
	2.25
	15.90
	17.10
	12.11
	2.93
	0.003


Serum cystatin C levels on day 1, at a cut-off value of ≥9.29 mcg/ml for predicting AKI cystatin C had sensitivity 91%, specificity 89%, 95.5% PPV, 79.4% NPV and diagnostic accuracy of 90%. [Figure 3]
 
Figure 3: ROC analysis of serum cystatin C in predicting AKI ( Day 1).
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At a cut-off value of serum cystatin C ≥ 9.29 mcg/ml, AUC was 0.920, in predicting AKI, with a sensitivity of 91% and specificity of 89%, with 95.5% PPV, 79.4% NPV, and diagnostic accuracy of 90%.
 
RRI assessed on day 1, day 3, and day 7 to predict AKI through ROC analysis. At a cut-off value of RRI ≥0.60 on day 1 for predicting AKI, AUC was 0.881 with a sensitivity 92.3%, specificity 71.4%, PPV of 85.7%, NPV of 83.3%, and diagnostic accuracy was 85%. RRI value on day 3, at cut-off value of ≥0.69, had a sensitivity 97.1%, specificity93.3%, PPV of 97.1%, NPV of 93.3%, and a diagnostic accuracy of 96%.  RRI value on day 7, at cut-off value of ≥0.72 performed better with 98.6% sensitivity, 96.7% specificity, 98.6% PPV, 96.7% NPV, and 98% diagnostic accuracy. [Figure 4]
 
Figure 4: ROC analysis of RRI on day 1, day 3 and day 7 in predicting AKI.
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For a cut-off value of RRI ≥0.60 on day 1, the AUC was 0.881, and sensitivity, specificity, PPV, NPV, and diagnostic accuracy were 92.3%, 71.4%, 85.7%, 83.3%, and 85% respectively in predicting AKI. For the RRI value of day 3, the cut-off value of ≥0.69, had a sensitivity of 97.1%, specificity of 93.3%, PPV of 97.1%, NPV of 93.3%, and a diagnostic accuracy of 96%. For the RRI value of day 7, the cut-off value of ≥0.72 performed even better with 98.6% sensitivity, 96.7% specificity, 98.6% PPV, 96.7% NPV, and 98% diagnostic accuracy.
 
Discussion:
Acute kidney injury (AKI) is a common and detrimental complication of sepsis, with 33 to 50% incidence and associated with increased morbidity, mortality, length of hospital stays and cost of care. So, early detection is a need of hour to initiate timely intervention and to achieve better outcome [13-16]. Therefore, searching better biomarkers for prediction of AKI is a prime goal in improving it’s prognosis in patients with sepsis.
 
In this study estimation of predictive value of plasma Cystatin C and  Renal Resistive Index (RRI) has been done in critically ill patients with sepsis who developed AKI as compared to those who did not develop AKI (controls).Multiple studies have been carried out to detect more reliable biomarker including serum creatinine, urinary neutrophil gelatinase-associated lipocalin (uNGAL), serum cystatin C, and kidney injury molecule-1 (KIM-1). [17] 
In present study, mean serum cystatin C was significantly higher among the cases as compared to controls. Concurrently, eGFR derived from serum cystatin C levels was significantly lower among the cases as compared to controls. One of the studies reported mean serum cystatin C, 16.48 mcg/ml in AKI patients and 7.98 mcg/ml in non-AKI patients [18]. Values of serum cystatin C was lower in the study done by another author [19]. Nevertheless, both studies noted that serum cystatin C was significantly higher on day 1 of admission when the patients did not have AKI, providing evidence in favor of raised serum cystatin C as an early indicator of AKI.
In patients who did not develop AKI, no significant change was observed in serum creatinine and RRI on day 1, 3, and 7.  In AKI patients a rise was observed in serum creatinine levels and RRI values, consistent with the progression of AKI. In one of the study, almost the same temporal decrease of creatinine level was found because of loss of muscle mass due to immobilization or catabolism that is well known to occur in ICU patients.  [20,21]
A previous study confirmed that, a rise of ≥50% cystatin C level preceded the rise of serum creatinine level by 1.5 ± 0.6 days to detect acute renal failure (ARF), the findings are of clinical importance as the rapid detection can eventually prevent worsening of ARF, that may improve the outcome. Cystatin C was noted as a good marker for GFR than creatinine thereby plasma Cystatin C measurement is highly precise and accurate [22].
 RRI at the time of admission was normal in cases and controls which subsequently increased on day 3 (0.83±0.09) and day 7 (0.95±020) post-admission, among patients who developed AKI in our study. A parallel increase in RRI was observed with an increase of serum creatinine on the day 3 of admission and 48 hours after an increase in plasma cystatin C which shows RRI is a late predictor of AKI when it is already fully established. So, this cannot be used as an early marker of AKI. On contrary, other authors reported a fair predictive value of RRI [23,24]. According to one study RRI of greater than 0.707 on day 1, predict development of AKI stage 2 and stage 3 on day 3 [23]. Other study reported, RRI of 0.725 or higher was a marker for early detection of persistent AKI [24].  One study compared the predictive value of plasma Cys C and RRI in predicting AKI and reported that the sensitivity and specificity of plasma Cys C was 7.5% and 84.35%, respectively, and for RRI it was 81.25% and 76.87%, respectively. The sensitivity and specificity of the combination of the two was 96.88% and 72.11%, respectively. Although the predictive value of plasma Cys C was better than RRI, it was observed that the combination of the two parameters had the best performance. [25,26] 
 At a cut-off value of serum cystatin C > 9.29 mcg/ml, AUC was 0.920, for predicting AKI, with sensitivity of 91% and specificity of 89%, 95.5% PPV, 79.4% NPV and diagnostic accuracy of 90% on Day 1 in our study. A systematic review and meta-analysis reported the pooled sensitivity, specificity and AUC on ROC analysis of serum cystatin C, 0.82, 0.82, and 0.89, respectively. Their study interpreted that serum cystatin C could be an excellent biomarker for all-cause AKI prediction.[27]
Present study had certain limitations, accountably first it was a single-centric, prospective case-control study but with a relatively small sample size. Secondly, Serum cystatin C was measured only on the day of admission, but it’s daily measurement could have generated more conclusive results and direction of change in its levels. Thirdly, due to financial constraints other biomarkers (neutrophil gelatinase-associated lipocalin etc.) were not analyzed. 
 
Conclusion
Although both, serum cystatin C levels (an invasive method) and RRI (a doppler-based bedside, non-invasive method), appears to be promising early markers of AKI in critically ill patients. Mean serum cystatin C was significantly higher among the cases as compared to controls. Cystatin C at cut off value of ≥9.29 mcg/ml in predicting AKI, sensitivity was 91%, specificity 89%, and a diagnostic accuracy of 90%. At cut-off value of RRI ≥0.60 on day 1, sensitivity 92.3%, specificity 71.4% which was lower as compared to that on day 7, where at cut-off value of ≥0.72 RRI performed better with 98.6% sensitivity, 96.7% specificity. Thus, our study can conclude that Cystatin C is a better early predictor of AKI while RRI is a late predictor of the same. Although further larger scaled studies are required in the future for strengthening the relationship between these biomarkers.
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