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BUN/Creatinine ratio as a predictor of Tubulointerstitial Nephritis

José Lucas Daza1, Ignacio Roca2, Verónica Remache3, Andrés Cárdenas4, Marcela 
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RESUMEN
Introducción: La nefritis intersticial 
aguda (NIA) es una de las principales 
causas de lesión renal aguda en 
pacientes hospitalizados, 
presentándose en el 15% al 27% de 
las biopsias renales realizadas en 
pacientes con IRA. El cociente 
nitrógeno ureico en sangre/creatinina 
(BCR) disminuye en las lesiones 
tubulares renales y puede ayudar a 
identificar a los pacientes con NIA 
(Salvador López Giacoman et al.). 
Este estudio tuvo como objetivo 
confirmar si un BCR bajo es un buen 
predictor de NIA en pacientes con 
diagnóstico histológico renal de 
NIA. Materiales y Métodos: Se 
realizó un estudio retrospectivo con 
pacientes hospitalizados mayores de 
18 años con diagnóstico de nefritis 
intersticial aguda (NIA) realizado 
mediante histología renal. 
Resultados: Se incluyeron 52 
pacientes (60% varones, edad media 
de 42 años), y el cociente BUN/
creatinina (BCR) óptimo para la 
clasificación de la nefritis intersticial 
aguda (NIA) se determinó como 
≤14,5, con un área bajo la curva 
(AUC) de 0,92 (p = 0,016). Este valor 

de corte mostró una sensibilidad del 
91,3%, una especificidad del 89,7%, 
un valor predictivo positivo del 
92,8% y un valor predictivo negativo 
del 89,7%, con una razón de 
probabilidades (OR) de 21,8. Los 
cilindros leucocitarios en orina 
tuvieron una OR de 2,12 (p = 0,05) 
para la predicción de NIA. 
Conclusión: Una relación BUN/
creatinina (BCR) ≤14,5 se 
correlacionó con hallazgos 
histológicos de nefritis intersticial 
aguda.

Palabras Clave: Nefritis intersticial 
aguda (NIA); enfermedad renal 
terminal (ERT); relación urea/
creatinina (RUC)

ABSTRACT
Introduction: Acute interstitial 
nephritis (AIN) is one of the 
leading causes of acute kidney 
injury in hospitalized patients, 
occurring in 15% to 27% of kidney 
biopsies performed in patients with 
AKI. The blood urea nitrogen-to-
creatinine ratio (BCR) decreases 
in renal tubular lesions and can 
help identify patients with AIN 
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(Salvador López Giacoman et al.). This 
study aimed to confirm whether a low BCR 
is a good predictor of AIN in patients with a 
renal histology diagnosis of AIN.  Materials 
and Methods: We conducted a retrospective 
study of hospitalized patients aged 18 years 
or older who were diagnosed with AIN based 
on renal histology.  Results: 52 patients were 
included (60% male, mean age 42), and the 
optimal BUN/creatinine ratio (BCR) for 
classifying acute interstitial nephritis (AIN) 
was determined to be ≤14.5, with an area under 
the curve (AUC) of 0.92 (p=0.016). This cutoff 
showed a sensitivity of 91.3%, a specificity of 
89.7%, a positive predictive value of 92.8%, 
and a negative predictive value of 89.7%, with 
an odds ratio (OR) of 21.8. Leukocyte casts in 
urine had an OR of 2.12 (p=0.05) for predicting 

AIN.  Conclusion: A BUN/creatinine ratio 
(BCR) ≤14.5 was correlated with histological 
findings of acute interstitial nephritis.

Keywords: Acute interstitial nephritis (AIN); 
end-stage renal disease (ESRD); BUN/creatinine 
ratio (BCR)

INTRODUCTION
Acute interstitial nephritis (AIN) is a frequent 

cause of acute kidney injury, accounting for 15–
27% of renal biopsies performed because of this 
condition (1,2). It is characterized by inflammatory 
infiltrates and edema within the interstitium, 
usually associated with an acute deterioration in 
renal function (Figure 1). In some studies, AIN 
represented 1–3% of all renal biopsies (3,4).

(A) and (B): Hematoxylin & eosin stain, dilation of tubules, flattening of the epithelium, presence of cellular debris in the lumens. (C): Periodic 
Acid-Schiff (PAS) stain, with inflammatory infiltrate in the interstitial and tubulitis, foci of loss of the brush border.

Figure 1: Histopathological Features of Acute Interstitial Nephritis

AIN is associated with an acute decline in 
renal function and may progress to permanent 
renal insufficiency or even end-stage renal 
disease (ESRD) (5). AIN is a multifaceted 
disease that has been identified as an important 
cause of unexplained acute kidney injury in 
hospitalized patients, with drug-induced AIN 
being considered the most common cause (6).  

The classic triad described for AIN 
presentation includes fever, dermatosis, and 
eosinophilia. Eosinophilia is only present in 10% 
of patients (7), thus resulting in poor diagnostic 
performance (8,9).

Previous studies have evaluated new 
biomarkers of AIN by analyzing markers 

of inflammation, interstitial edema, cellular 
damage, and tubular lesions; however, their 
clinical utility remains unknown (9). Despite 
the numerous biomarkers examined, the gold 
standard remains percutaneous renal biopsy 
(10,11). It is widely accepted that the blood urea 
nitrogen to creatinine ratio (BCR) decreases in 
renal tubular lesions. However, for a long time, 
there was no prospective clinical-histological 
evidence directly connecting a low BCR with 
AIN. This gap was filled in 2023 when Salvador 
L.G. et al. published a study providing new 
evidence that supports the link between low 
BCR and AIN (12). This study encompassed 42 
patients with acute kidney injury who underwent 
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kidney biopsy and histology revealed AIN in 
19 patients (45%), with AIN cases showing a 
significantly lower mean BCR of 11.2 (±3.8) 
compared to focal segmental glomerulosclerosis 
(16.6%), membranous nephropathy (11.9%), IgA 
nephropathy (9.5%), and amyloidosis (9.5%) 
these groups having a higher mean BCR of 21.4 
(±8.7) (12). A significant inverse correlation was 
observed between histology and BCR (r = -0.57, 
p = 0.001). Notably, in multivariate analysis, 
BCR emerged as the only variable independently 
associated with AIN (12). Given these findings, 
there is a clear need to further explore the 
diagnostic potential of BCR as a simple and 
accessible marker for AIN. This study aims to 
assess the potential association between BCR 

and biopsy-proven AIN, contributing to a better 
understanding of BCR as a diagnostic tool in 
this context.

MATERIALS AND METHODS
From June 2017 to June 2025, we 

retrospectively recruited hospitalized patients 
of both sexes aged 18 years and older who were 
diagnosed with AKI according to the creatinine 
criteria established by the Kidney Disease: 
Improving Global Outcomes guidelines (13).

This study aimed to confirm whether a low 
BCR is a good predictor of AIN in patients 
with a histopathological diagnosis of AIN. 
Table 1 shows the demographic and clinical 
characteristics of patients. 

Variable No Interstitial nephritis (N=29) Interstitial nephrits(N=23) p value

Age (mean± SD) 40.58 (10.914) 42.17 (8.742) 0.573 (1)
Sex (N, %) 2 (6.9%) 7 (30.4%) 0.061 (2)
Arterial hypertension (N, %) 13 (44.8%) 10 (43.5%) 0.922 (3)
Diabetes Mellitus (N, %) 5 (17.2%) 9 (39.1%) 0.077 (3)
Creatinine mg/dl (mean± SD) 4.06 (1.12) 3.93 (0.76) 0.626 (1)
BUN mg/dl (median, IQR) 77 (60 – 89) 40 (33 – 43) 0.21 (4)
BUN/Creatinine ratio (media ± SD) 18.00 (4.03) 10.76 (2.70) 0,2 (1)
Albumin/Creatinine ratio (median, IQR) 410 (176-212) 101 (85 – 205,5) <0.001 (4)
Leukocyte casts (N, %) 7 (24.1%) 16 (69.6%) 0.001 (3)
Acanthocytes (N, %) 10 (34.5%) 1 (4.3%) 0.014 (2)
Hematic casts (N, %) 2 (6.9%) 0 (0.0%) 0.497 (2)
Hemoglobin gr/dl (median, IQR) 11.8 (11 – 12) 11 (10.8 – 11.85) 0.093 (4)
Sodium mEq/L (mean ± SD) 136.58 (3.93) 136.69 (2.96) 0.912 (1)

AIN: Acute interstitial nephritis; AKI: Acute kidney injury; SD: Standard deviation; IQR: Interquartile range; BUN: Blood urea nitrogen; 
ACR: Albumin/creatinine ratio.
* Note: Demographic characteristics and biochemical variables at clinical diagnosis. Patient groups are divided according to the presence of 
AIN. Quantitative variables were expressed as the mean ± standard deviation (SD) for normally distributed data and as the median with 
interquartile range (IQR) for non-normally distributed data. Categorical variables were expressed as absolute numbers and percentages (N, %). 
Results were considered to be statistically significant when p<0.05. 

Table 1: Sociodemographic, Clinical, and Renal Characteristics*

1. Linear Model ANOVA
2. Fisher’s Exact Test for Count Data 
3. Pearson’s Chi-squared test 
4. Wilcoxon rank sum test.
Inclusion criteria: 1. Age over 18 years. 2. 

Urinary sediment performed by trained 
nephrologists 3. Kidney biopsies were performed 
in standardized centers.

Exclusion criteria: 1. Pregnancies 2. Use of 

glucocorticoids 3. Sepsis 4. Rhabdomyolysis 5. 
Systemic diseases (Systemic Lupus 
Erythematosus, Vasculitis).

The comprehensive clinical evaluation 
recorded prescribed medications and herbal 
medication consumption. Medical records noted 
whether the patient had a skin rash and other 
signs of systemic diseases. Peripheral blood 
samples were collected for a complete blood 
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count and a basic metabolic panel. Additionally, 
all patients underwent a biochemical urine 
analysis, including an albumin-to-creatinine 
ratio.

The urine samples were centrifuged, and the 
urine sediment was analyzed with light 
microscopy for the presence of urine particles, 
mainly leukocyte cylinders (Figure 2).

monitored during their hospital stay.
All tissues were processed in three 

nephropathology centers in Bogotá, Colombia. 
The kidney samples were fixed in 10% 
formaldehyde, embedded in paraffin, and 
stained with hematoxylin-eosin, PAS, Masson’s 
trichrome, and Jones’ methenamine silver. 
Histologically, AIN was defined as interstitial 
edema and interstitial infiltrate formed mainly by 
mononuclear or polymorphonuclear leukocytes. 
Tubulitis was defined as the invasion of the 
tubular basement membrane by inflammatory 
cells (Figure 1).

We analyzed the clinical and pathological 
characteristics of renal biopsies of 62 patients 
diagnosed with acute kidney injury in the period 
from March 2017 to June 2025. In a review of 
clinical records from hospitalized patients in 
various hospital centers in Ibague, Bogota, 
Colombia, ten patients were excluded because 
they did not meet the inclusion criteria. AIN in 
23 patients (44.2%), with AIN cases showing 
a significantly lower mean BCR of <14.5. The 
other group of patients who did not present 
with acute interstitial nephritis consisted of a 
total of 29 patients, accounting for 55.8%. The 
pathologies found were acute tubular necrosis in 
15 patients, corresponding to 28.8%, and focal 
and segmental glomerulosclerosis in 14 patients, 
corresponding to 26.9%.

Most of the patients were receiving 
NSAIDs, some antibiotics, herbal preparations, 
antidiabetics, antihypertensives, and antacids 
(Table 2).

Light microscopy (×400) showing a leukocyte cast, consistent with 
inflammatory activity in the renal tubules of AIN (Acute interstitial 
nephritis) patients

Figure 2: Leukocytic cast (light microscope, x 
400 own file)

Experienced interventional radiology 
specialists performed all renal biopsies under 
local anesthesia. All patients were normotensive 
prior to the procedure, and kidney size and 
anatomy were assessed using ultrasound. The 
biopsy procedure was guided by real-time 
ultrasound. After the procedure, patients were 

Table 2: Pharmacological agents and herbal preparations

Anti-hypertensives Losartan, valsartan, enalapril, clonidine, prazosin, nifedipine, amlodipine, hydrochlorothiazide
Antidiabetic Glargine insulin, metformin, dapagliflozin, empagliflozin, semaglutide
Antiacids Omeprazole, pantoprazole, esomeprazole
Analgesics Ibuprofen, naproxen, diclofenac, ketorolac, acetaminophen
Herbal preparations Moringa olefeira, phyllanthus niruri

Continuous variables with a normal 
distribution are presented as mean and standard 
deviation (SD). Medians and interquartile 
ranges describe non-parametric distributions. 
Categorical variables are expressed as 

frequencies and percentages. The t-test and 
Mann-Whitney U test were used to compare 
continuous variables. Categorical variable 
analysis was performed using the chi-squared 
test or Fisher’s exact test in cases of small 
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sample size or when expected frequencies were 
not met.

A multivariate analysis was conducted 
using binary logistic regression. Variables 
with a p-value < 0.01 in the bivariate analysis 
were chosen as explanatory variables for the 
multivariable model. The dependent variable 
was dichotomous, representing the presence 
or absence of histologically confirmed AIN. 
The optimal BUN/Creatinine ratio value for 
discriminating AIN was identified using 
the receiver operating characteristic (ROC 
analysis. To maximize the sensitivity over the 
specificity, we selected the Youden point. All 
analyses were performed using R statistical 
software, version 4.2.1.13, with statistical 
significance set at P < 0.05.

RESULTS
In total, 52 patients were enrolled, 

comprising 60% males and 40% females, with 
a mean age of 42 ± 2 years. There was a strong 
correlation between histologically confirmed 
acute interstitial nephritis and the blood urea 
nitrogen to creatinine ratio (BCR).

The optimal point to classify AIN by an 
analysis of the receiver operating characteristic 
curve (ROC), was a BCR≤14.5 (AUC=0.92, 
p=0.016), the sensitivity of 91.3% and specificity 
89.7%, positive predictive value 92.8% and 
negative predictive value 89.7% with OR 21.8, 
95% CI (2.88, 49.6), P value 0.007 (Table 3). 

The urine particles were analyzed, which 
was evidenced by leukocyte casts OR 2.12, 95% 
CI (4.6, 28.61), and P value 0.05 (Figure 3).

Table 3: Interstitial nephritis. 
Multivariate analysis of 
independent predictors*

Characteristic OR 95% CI p-value
Bun/creatinine ratio <14,5 21.9 2.88, 49.6 0.007
Leukocyte casts 2.12 4.6, 28.1 0.05
ACR 1.00 1.00, 1.00 0.2
Dark Cast 0.17 0.02, 1.41 0.11

OR: Odds ratio; CI: Confidence interval; AIN: Acute interstitial nephritis; AKI: Acute kidney injury; ACR: Albumin/creatinine ratio; BCR: 
BUN/creatinine ratio
*Note: Logistic regression results.

Figure 3: Roc curve of the 
Bun/creatinine ratio for the 
diagnosis of acute interstitial 
nephritis

DISCUSSION
Our retrospective study demonstrated that 

low BCR (BCR < 14,2) adequately predicts 
the diagnosis of histological AIN in patients 
with AKI (Figure 1). Because many healthcare 
centers in emerging countries sometimes do not 
have the economic resources to perform kidney 
biopsies in clinical practice, or the patients are 

too sick, contraindicating a kidney biopsy, the 
finding of a low BCR may facilitate treatment 
and avoid needing a kidney biopsy.

Urea was the first biomarker related to renal 
dysfunction; urea is freely filtered, and between 
40% and 70% of the filtered urea returns to the 
plasma through the tubular epithelium. It has high 
sensitivity and low specificity for the diagnosis 
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of kidney disease; serum Cr, the most widely 
used biomarker in nephrology, does not bind 
to proteins, is freely filtered, not reabsorbed 
or metabolized in the kidney, and was the first 
biomarker used for the clinical quantification 
of GFR. Approximately 25% of urinary Cr is 
secreted by the renal tubules (14,15).

The presence of inflammatory infiltrates and 
edema within the interstitium, usually associated 
with acute deterioration in renal function, 
characterizes Acute Interstitial Nephritis (AIN). 
In some studies, AIN accounted for 1% to 3% of 
all kidney biopsies. However, when the analysis 
was restricted to patients with acute renal failure, 
AIN accounted for 15% to 27% of lesions (16). 
The inflammatory cell infiltrates characteristic 
of AIN can be diffuse or irregular. Interstitial 
edema is a typical finding, while glomeruli and 
vessels are normal. Interstitial infiltrates mainly 
comprise lymphocytes (CD4 + T cells are the 
most abundant type), macrophages, eosinophils, 
and plasma cells. Fibrotic changes can already 
be observed within 7 to 10 days after the onset 
of the inflammatory process, and progression to 
advanced interstitial fibrosis accompanied by 
tubular atrophy occurs unless the causative drug 
is promptly withdrawn or steroid treatment is 
started (17). That is why it is important to diagnose 
AIN early. In our study, a BCR of less than 
14.5 had a robust correlation with histological 
findings of acute interstitial nephritis.

CONCLUSION
In hospitalized patients with acute kidney 

injury, the presence of BCR≤14.5 correlated with 
histologic findings of acute interstitial nephritis.
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