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ABSTRACT 

	[bookmark: _Hlk209829991]Introduction: With increasing prevalence of acute kidney injury, prediction of outcomes is challenging. Though many biomarkers were studied, no single biomarker is labelled as a strong biomarker. Till date, creatinine estimation continues to be reliable marker for diagnosis, prognosis of patients with acute kidney injury (AKI). Availability of simple ratios such Blood urea nitrogen: creatinine has its own fallacies. Another ratio of clinical utility may be urea : creatinine ratio, which is known to be associated with long term mortality.
Aim: We assessed the blood urea : creatinine ratio (UCR) as a marker for prediction of mortality in inpatients with AKI 
Materials and Methods: A prospective study of estimation of admission UCR in all patients with AKI is undertaken in public sector tertiary care teaching hospital. Relation between UCR and mortality, factors influencing the same were analysed. A cut off of UCR that can predict the mortality in patients with AKI was also determined.
Results: A total of 451 patients were included in the study .We divided our study group in to three tertiles based on UCR. High tertile group has shown a statistically significant association with age, higher Sepsis-related Organ Failure Assessment (SOFA) score, sepsis with multi organ failure, renal replacement therapy requirements. A cut off value of UCR >46 predicted mortality with specificity of 67% and negative predictive value of 77%.
Conclusion: High UCR at admission with cut off >46 is associated with mortality in patients with AKI.
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1. INTRODUCTION 

Acute Kidney Injury (AKI) in critical care unit is associated with high mortality, longer duration of hospital stay and substantial health resource utilization. The identification of factors influencing  mortality among patients hospitalized for AKI would enhance understanding of factors influencing outcomes of AKI, thus helping in formation of standard operating protocols in critical care setups.
Urea and creatinine are well known biomarkers of kidney diseases in acute and chronic situations. Though both are small molecules and freely filtered at glomerulus, urea being an inert molecule was used for estimation of adequacy of dialysis. But recent studies have shown that urea would induce biochemical alterations influencing clinical outcomes (Vanholder R et al., 2018). Timely differentiation of pre renal azotaemia (PRA) from intrinsic AKI is pivotal in salvaging critically ill patients. It is well-known that ratio of BUN : Creatinine would help in identification of PRA. However, estimation of BUN is not done in all laboratories, especially in Low middle income countries (LMICs). 

It is known that the estimation of serum urea, creatinine and hence the Urea Creatinine ratio (UCR) may be helpful in identification of severe renal failure, though few studies have established the association of high UCR and long term mortality in patients with heart failure and those on dialysis (Elizabeth C et al., 2020). Studies correlating UCR with outcome of AKI are limited, hence we undertook this study to assess the admission UCR and relation with mortality in patients with intrinsic AKI.

2. AIM 

To analyse whether the urea creatinine ratio can predict mortality in patients with acute kidney injury
3.MATERIALS AND METHODS

This is an observational study of patients admitted with acute kidney injury (AKI) in intensive care unit between a period of 6 months (January 2024 -May 2024). Based on KDIGO criteria ,AKI staging was done (KDIGO., 2012). Serum urea creatinine ratio (UCR) at admission was calculated as serum urea(mg/dl)/serum creatinine(mg/dl).

Patients were monitored during the hospitalisation period. Baseline data included age, gender, comorbidities, previous medication history and duration of hospital stay. Indication of ICU admission, laboratory parameters including serum UCR at admission and mode of treatment noted. Based on UCR values, patients were classified into three tertiles of UCR<35, 35-55 and >55. 

The primary outcome was mortality during the hospital stay. Secondary outcome was renal recovery at the time of discharge.

4.STATISTICAL ANALYSIS

Statistical analysis was performed by utilising statistical package for Social sciences software version 26.0(SPSS). Frequency tables were made to estimate the frequency and percentage of each parameter analysed. Descriptive statistics were expressed in terms of mean and standard deviation. Patient demographics were analysed using Chi square test for categorical variables and Mann Witney U test for continuous variables. Kaplan Meier survival curves were created, while differences between groups were analysed by Mantel Cox log rank test. ROC analysis done, to assess the sensitivity and specificity of UCR cut off value. p < 0.05 was considered statistically significant.

5. RESULTS

A total of 451 patients admitted with AKI in critical care unit were included in the study. Mean age was 44 ± 12.54 years ( with age range of 19 to 71 years). Males: female ratio was 1.56:1 (261 men : 175 women).

The major comorbidities of the patients were hypertension (57.4%) and diabetes (44.8%) Other comorbidities were cardiac disease, cerebrovascular disease, seizure disorder and active malignancy. Use of diuretics, ACEi/ARBs and NSAIDS were noted in 30(6.6%), 45(9.9%) and 14(3.1%) of the study group (Table 1).

Table1: General characteristics of the study population.

	Baseline characteristics
	N(%)(451)

	Age (Years) (Mean ± SD)
	44 ± 12.54years

	Gender
Male  
Female
	
61%(275) 
39%(176)

	Comorbid status
	

	Hypertension
	259(57.4%)

	Diabetes mellitus 
	202(44.8%)

	Cardiac disease
	34(7.5%)

	Cerebrovascular disease
	25(5.5%)	

	Seizure disorder
	18(3.9%)

	Active malignancy
	5(1.1%)


	Use of drugs
	

	Diuretics
	30(6.6%)

	ACEI/ARB use 
	45(9.9%)

	NSAIDA
	14(3.1%)


	Laboratory parameters(Mean ± SD)
	

	Blood urea (mg/dl)
	179.17 ± 74.70

	Serum creatinine (mg/dl)
	7.74 ± 2.48

	Serum Urea creatinine ratio (mg/mg)
	43.74 ± 18.45

	Mean duration of hospital stay(days)
	9.45  ± 6.04



Mean admission serum UCR was 43.74 ± 18.45 with wide range of ratio 8-75.Based on tertiles, UCR <35 was noted in 33.7% (152) , tertile of 36-55 was observed in 32.1%(145) and >55 tertile in 34.1%(154) , of whom 4% had UCR >70 (fig1 ).On analysis of characteristics of tertiles, men had higher UCR compared to women (p>0.06), but the presence of comorbidities such as hypertension , diabetes, cardiac disease were significant in those patients with higher UCR tertile (p<0.0001).Higher tertile was noted in those who had shorter hospital stay (p<0.02) (7.1 ± 4.5days) compared to those who had longer duration of hospitalisation (11.5+5.9days).Patients in higher tertile had sepsis -multiorgan failure as cause of admission (p=0.002) (28.8%), other causes were CVA(15.2%), CAD and Heart failure(13.2%) and Paraquat poisoning(12.5%).(Table 2).

 Lab parameters showed that majority of patients were in AKI stage III in all the three tertiles (p>0.05) It was observed that mean SOFA score was higher in patients under higher tertile (p=0.02). Maximum utilisation of renal replacement therapy was noted in the higher tertile group with 137 patients treated with hemodialysis (52.5%), Peritoneal dialysis (23.3%), HD+PD (15.3%) and CRRT (8.7%).

Table 2: Characteristics  of patients in all three tertiles


	
	Urea creatinine ratio
	

	
	<35 (N=152)
	35-55 (N=145)
	>55(N=154)
	P value

	Age (Years) (Mean ± SD)
	42.12 ±   19.32
	46.21  ±  24.49
	44.91  ± 24.98
	0.05



	Gender
Male  
Female
	
93(60.8%)
60(39.2%)
	
81(55.9%)
64(44.1%)
	
101(66%)
52(34%)

	
0.19

	Comorbid status
	
	
	
	

	Hypertension
	64(41.8%)
	98(67.6%)
	97(63.4%)
	0.001


	DM
	58(37.9%)
	57(39.3%)
	87(56.9%
	

	Cardiac disease
	9(5.9%)
	12((8.2%)
	13(8.4%)
	

	Cerebrovascular disease
	5(3.2%)
	9(6.2%)
	11(7.1%)
	

	Seizure disorder
	6(3.9%)
	7(4.8%)
	5(3.2%)
	0.21

	Active malignancy
	1((0.7%)
	3(2.1%)
	1(0.6%)
	0.12


	Use of drugs
	
	
	
	

	Diuretics
	0
	19(13.1%)
	12(7.7%)
	0.22

	Ace inhibitors
	14(9.2%)
	16(11.1%)
	15(9.7%)
	0.21

	NSAIDS
	4(2.6%)
	8(5.5%)
	6(3.8%)
	0.23


	Causes of ICU admission
	

	Sepsis with
	
	
	
	







0.002*

	  MODS
	37(24.3%)
	41(28.2%)
	46(29.8%)
	

	  Pneumonia
	7(3.3%)
	17(12.4%)
	4(2.6%)
	

	  UTI
	15(9.1%)
	18(12.4%)
	14(9.2%)
	

	  Acute Febrile illness
	10(6.5%)
	-
	15(9.8%)
	

	  Cellulitis
	10(6.5%)
	4(2.5%)
	-
	

	Gastroenteritis
	14(9.2%)
	5(3.4%)
	6(2.6%)
	

	Pancreatitis
	5(3.3%)
	8(5.5%)
	5(3.2%)
	

	CAD
	-
	9(6.2%)
	14(9.2%)
	

	Heart failure
	9(5.9%)
	4(2.8%)
	9(6%)
	

	Paraquat poisoning
	15(9.8%)
	12(8.1%)
	10(6.5%)
	

	Snake bite
	1(0.6%)
	1(0.6%)
	2(1.2%)
	

	Obstructive uropathy
	15(9.8%)
	13(9.0%)
	6(2.6%)
	

	CVA
	12(7.8%)
	8(5.5%)
	15(9.8%)
	

	Chronic liver disease
	-
	5(3.4%)
	8(5.2%)

	

	Duration of hospital stay
	11.5 ±  5.9
	9.6 ± 6.6
	7.1 ± 4.5
	0.001*

	Mean SOFA score
	5.1 ±  3.1
	5.9 ±  3.0
	6.1± 3.2
	0.02*

	Blood urea
	181.4 ± 74.9
	176.9± 76.8
	179.0 ± 75.0
	0.87

	Creatinine
	7.8 ± 2.5
	7.6 ± 2.4
	7.7±  2.4
	0.73


	AKI(KDIGO STAGING)
	
	
	
	

	STAGE I
STAGE II
STAGE III
	-
22(14.4%)
130(85.5%)
	6(4.1%)
7(4.8%)
132(91%)
	4(2.5%)
13(8.4%)
137(88.9%)

	

	Mode of RRT 
	
	
	
	

	Hemodialysis
	87(66.9%)
	93(70.4%)
	72(52.5%)
	

	Peritoneal dialysis
	18(13.8%)
	22(16.6%)
	32(23.3%)
	

	HD+ PD
	13(10.1%)
	6(4.5%)
	21(15.3%)
	

	CRRT
	12(9.2%)
	11(8.3%)
	12(8.7%)
	



Primary outcome: Mortality was high in those under higher tertile of UCR. Lower tertile of UCR was associated with better survival rates (p=0.001) (Table 3). Percentage of deaths in our study group was 41.6% (188), with 1/10th of deaths occurring in those patients with UCR >70.

Table 3 : Mortality in the study group

	
	<35 (N=152)
	35-55 (N=145)
	>55(N=154)
	Pvalue

	Survivors
	125(81.7%)
	87(60%)
	51(33.3%)
	0.001*

	Nonsurvivors
	28(18.3%)
	58(40%)
	102(66.7%)
	



Secondary outcome: Renal recovery was observed to be better with lower tertile and lack of recovery was noted in group with higher tertile (p=0.002)

Table 4 : Secondary outcome 

	
	<35(N=125)
	35-55(N=87)
	>55(N=51)
	P value

	Complete recovery
	25(20%)
	5(5.7%)
	2(3.9%)
	0.72

	Partial recovery
	22(17.6%)
	10(11.4%)
	6(11.7%)
	0.51

	Not recovered
	78(62.4%)
	72(82.7%)
	43(84.3%)
	0.002*



On analysis of factors influencing survival, it was noted that increasing age, presence of comorbidities, sepsis with MOSF, higher mean SOFA score were associated with mortality (p<0.05) (Table 5)

Table 5: Factors influencing survival 

	
	SURVIVORS(n=263)
	NONSURVIVORS(n=188)
	P value

	Age (Years) (Mean ± SD)
	44.39±   12.89
	46 .36 ±  14.99
	0.003*

	Gender
Male  
Female
	
160(60.8%)
103(39.1%)
	
115(82.4%)
73(38.8%)

	
0.21

	Comorbid status
	
	
	

	Hypertension
	125(47.5%)
	134(71.2%)
	0.04*

	DM
	84(31.9%)
	118(62.7%)
	

	Cardiac disease
	14(5.3%)
	20(10.6%)
	

	Cerebrovascular disease
	11(4.1%)
	14(7.4%)


	

	Mean SOFA score
	5.8 ± 2.5
	7.2 ±  3.9   
	0.02*


	UCR values
<35
35-55
>55
	
125(81.7%)
87(60%)
51(33.3%)
	
28(18.3%)
58(40%)
102(66.7%)

	

0.001*



We assessed survival analysis using Kaplan -Meier curve , which showed a strong correlation of survival with high value of UCR and the duration of hospitalisation.(Figure -1)
 (
Figure 1: Kaplan Meier survival curve with UCR 
tertiles
.
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On further analysis using ROC, we assessed the cutoff value of UCR to predict the mortality.  An UCR >46, has a sensitivity of 73.4% and specificity of 67.3%( p<0.0001).with PPV  of 61.6%   and  NPV of 77.9%( p <0.0001).(Figure 2)




























	Area under the ROC curve (AUC) 
	0.724

	Standard Errora
	0.0246

	95% Confidence intervalb
	0.680 to 0.764

	z statistic
	9.105

	Significance level P (Area=0.5)
	<0.0001


 (
Figure 
2
: 
ROC analysis 
–  UCR
 cut off value with sensitivity and specificity
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Table 6:- Categorisation based on UCR cut off

	
	AKI PATIENTS –DEATH(n=188)
	AKI PATEINTS – SURVIVED(263)

	UCR> 46
	138(73.4%)
	86(32.6%)

	UCR<46
	50(26.5%)
	177(67.3%)



6.DISCUSSION

Conventionally, in AKI patients , Blood Urea Nitrogen: Creatinine ( BUN:Cr) ratio was used to diagnose pre renal azotemia .But, BUN: Cr has its own disadvantages of applicability in clinical practice as in elderly group with low muscle mass , also in ICU patients with high protein intake, a severely disproportionate ratio is observed (Feinfeld D. A.,2002).Further, BUN : Cr ratio was shown to be associated with all-cause mortality in patients initiated on dialysis (Inaguma, D. et al.,2018). BUN:Cr was shown to be associated with kidney disease progression (Seki, M. et al., 2019). Few studies correlated BUN :Cr with mortality. Patients of high BUN :Cr ratio had higher incidence of mortality (Uchino, S et al.,2012). Hence utilisation of BUN :Cr as marker to identify pre renal azotemia is not supported in studies. 

Need for simple yet robust predictor of mortality in patients with AKI is imperative in LMICs, where prioritization of available resources is formidable. We undertook this study with a premise that Urea Creatinine Ratio (UCR) predicts mortality in patients with AKI. We tried to estimate the cut off value of UCR for prediction of mortality in patients with AKI.

UCR was also thought to reflect on pre renal azotemia. A high UCR in critically ill patients is associated with intrinsic AKI and is reported to be associated   with inpatient mortality  inmortality in non ESRD CKD patients ((Elizabeth C et al., 2020). Similarly, studies have shown that assessment of UCR at admission is associated with poor outcomes in patients of chronic heart failure, AKI, hemodialysis, myocardial infarction and stroke. In patients with AKI, high values of UCR were associated with poor long term outcomes and mortality (Elizabeth C et al., 2020). 

The pathophysiological mechanism for the association of high UCR and poor clinical outcomes are unclear .Though urea is considered as relatively inert molecule,  recent studies have suggested that it induces biochemical alteration, which has impact on clinical outcome .It is well known that serum urea levels are increased by excess protein intake, hypovolemia, heart failure gastrointestinal bleeding and catabolism.

We categorised our group into different tertiles low, medium, high tertiles. The prevalence of elevated UCR in this study was 34.1% with maximum UCR value being 75. High tertile patients had greater comorbid burden, sepsis with MODS, higher mean SOFA scores, shorter duration of hospital stay and RRT requirement (p<0.05)

In our study group, high tertile UCR was associated with mortality in AKI patients (p=0.003), however in those with transient AKI (5.9%), UCR did not show association with mortality (p=0.72). A similar observation by Elizabeth et al., 2020, reported that high UCR at admission is a strong risk factor for long term all course mortality.

UCR was found to be associated with not only inpatient mortality in admitted patients of dialysis, heart failure etc, but also with long term outcomes and mortality (Murata, A. et al., 2018, Tanaka, S. et al., 2017). In another study, UCR >100 was associated with high inpatient mortality in patients with CKD (Van der Slikke, E. C. et al., 2020). Till date, prediction of mortality in patients with AKI is challenging despite availability of cascade of biomarkers , prediction models. Using ML/DL models of AI in prediction of AKI is not readily available, specially in resource limited settings. We observed that UCR of >46 at admission is an independent risk factor for mortality in AKI patients. (Sensitivity- 73.4% and Specificty-67.3%)( PPV- 61.6% and NPV- 77.9%)(95% CI- 0.6-0.7).

The exact pathophysiological mechanism for elevated UCR and its impact on mortality remains unclear. Though there are observational studies, controlled clinical studies confirming the clinical effected are not available. There are limited trials, analysing low protein diets, pre and probiotica and modification of intestinal microbiome, which reduce blood urea levels, but whether this will alter the survival outcome is yet to be studied.

UCR as marker of frailty was used in patients of CKD-ND in a study by David et al.,2022, where 27.6% had UCR > 100 with mean value of 88 ± 31. A higher UCR were found in older patients with concurrent cardiac failure, diuretic use, and greater comorbid burden. In our group, all the patients are AKI, though older age, comorbidities were confounding factors for low serum creatinine. In contrast to the UCR values reported in western population, it is expected that Indian subsets with or without comorbidities would have higher UCR due to power muscle mass. However, in our study, values of UCR are not very high as the patients belonged to AKI category and these patients are not poorly nourished.  

On comparison of existing literature, Elizabeth et al study included AKI patients (665 number of patients) and divided in to tertiles. We excluded underlying CKD patients in the study and CKD was diagnosed based on based on the symptoms, available creatinine values prior to admission, ultrasound of abdomen. Our study looked at discharge outcomes only, unlike study be Elizabeth et al, a follow up study of three years. David et al study categorised CKD-non ESRD patients in to two halves of UCR >100 or <100 and observed that the mortality is about 40% at the end of 5 year follow up. Our study did not have follow up period as we focussed at the inpatient mortality prediction with UCR tertiles.(Table 7).(Elizabeth et al.,2020, David et al.,2022)

UCR may be a promising biomarker to predict mortality in patients with AKI, though large studies and RCT may give way forward. However, in resource limited settings, high admission UCR should help in prognostication of patients with AKI. High UCR was seen in sepsis with MOSF though other causes like pneumonia, malaria etc, would finally lead to sepsis pathway, high UCR was not observed in non-sepsis related AKI.

Table 7: On comparison, with existing studies

	
	Present study 2023
	Elizabeth et al (Netherlands) 2020
	David et al(Australia) 2022

	Studied on AKI/CKD
	AKI in critical care
	AKI with sepsis
	CKD –non ESRD


	Number of patients
	451
	665
	11156


	UCR tertiles /halves
	<35, 35-55 ,>55
	<61, 61-84,>84
	<100 ,>100


	Comorbid burden
	Excluded CKD.
DM, HTN, Cardiac and CVA- significant correlation (p- 0.001)
	Included CKD and  transplants
HTN, DM, CAD and active cancer

	Excluded dialysis and transplants

	Duration of hospital stay(days)
	9.45  ± 6.04
	3 years follow-up study
	5year study

	Major Cause of admission
	MODS(27.4%)
	LRTI sepsis(31%)
	-

	Mean SOFA score
	6.2 ±  4.1
	Used SIRS score > 2 – 72% 
	-

	Outcome
	Predict mortality
	Independent risk for long term mortality
	Poor outcome in CKD

	Mortality(inpatient)
	41.6%
	18%(follow-up)
	43.7%



7. CONCLUSION

We conclude that high admission urea creatinine ratio is a simple, bedside biomarker that can predict mortality in patients with AKI.A cut off value of 46 is specific and has good negative predictive value. However further investigations including long term follow-up studies are required to consider UCR   as targeted   therapeutic marker.

8.LIMITATIONS

Small number of patients to arrive at robust conclusions.
Cohort study for long term mortality association was not done

What does this study add?
Simple easily available bedside estimation of admission Urea Creatinine Ratio predicts mortality in patients with AKI. Such markers help clinicians in prognosticating patients especially in resource limited settings. 
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