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Introduction

Acute renal infarction (ARI) is a rare but clinically significant vascular 
condition resulting from complete or partial occlusion of the renal 
artery, typically due to embolic or thrombotic events. Delayed 
diagnosis carries a significant risk of permanent renal damage (1). 
The low diagnostic rate of ARI in the emergency department (ED) 
is primarily explained by its non-specific clinical presentation, 
which frequently leads to misdiagnosis as urolithiasis. These 
diagnostic challenges hinder accurate estimation of the true 
incidence of ARI. The most common underlying etiologies include 
atrial fibrillation, heart failure, and valvular heart diseases (2). 

ARI typically presents with acute abdominal or flank pain, often 
accompanied by characteristic laboratory findings, including 
elevated serum lactate dehydrogenase (LDH), microscopic 
hematuria, and elevated creatinine levels (3).

The LDH, a non-specific marker of cellular injury, may rise in a 
variety of clinical conditions, including myocardial infarction, 
hemolysis, and acute ischemic renal tubular necrosis (4,5). 
Therefore, LDH measurement alone is not specific enough to 
reliably establish the diagnosis of ARI. To improve diagnostic 
accuracy, LDH should be evaluated in conjunction with 
additional biochemical parameters. Recently, the LDH/albumin 
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Abstract
Aim: Acute renal infarction (ARI) is an uncommon but clinically important vascular emergency that is frequently misdiagnosed as acute 
ureterolithiasis due to overlapping symptoms.  This study aimed to evaluate the diagnostic value of the lactate dehydrogenase-to-albumin 
(LDH/albumin) ratio in patients with ARI.

Materials and Methods: This study included adult patients diagnosed with ARI between January 2018 and June 2025. ARI was confirmed using 
contrast-enhanced computed tomography. A control group of patients with acute ureterolithiasis was selected using 2:1 propensity score 
matching on age and sex. Demographic variables, clinical features, and laboratory parameters were compared. Univariate and multivariate 
logistic regression analyses were performed to identify independent predictors of ARI. Diagnostic performance was assessed using ROC curve 
analysis.

Results: A total of 162 patients were included, comprising 54 with ARI and 108 with ureterolithiasis. Patients with ARI showed significantly 
higher LDH levels and LDH/albumin ratios, and lower albumin levels compared with controls. The LDH/albumin ratio demonstrated the 
strongest association with ARI [odds ratio=3.62; 95% confidence interval (CI): 1.96-6.58]. ROC analysis showed that the LDH/albumin ratio 
[area under the curve (AUC)=0.921; 95% CI: 0.881-0.963) had superior diagnostic performance compared with LDH (AUC=0.873) and albumin 
(AUC=0.780). A cut-off value >13.1 yielded a sensitivity of 85.2% and a specificity of 83.3% for identifying ARI.

Conclusion: The LDH/albumin ratio demonstrates superior diagnostic performance compared with LDH or albumin alone because it reflects 
both tissue ischemia and inflammatory processes. Therefore, it may serve as a valuable and readily accessible biomarker for the early 
identification of ARI.
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ratio has been investigated as a prognostic indicator in various 

conditions characterized by inflammation and tissue injury. In 

particular, an elevated LDH/albumin ratio has been identified as 

an independent predictor of mortality in sepsis-associated acute 

kidney injury (AKI) (6) and has also been reported as a valuable 

marker for prognostic assessment in critically ill patients with 

AKI (7). Current evidence suggests that the LDH/albumin ratio 

may play a role in the diagnosis of ARI, serving as an indicator of 

cellular injury and inflammation. However, the diagnostic utility 

of the LDH/albumin ratio for ARI remains poorly defined in the 

existing literature. Therefore, this study aimed to evaluate the 

diagnostic value of the LDH/albumin ratio in patients with ARI.

Materials and Methods

Study Design and Patient Selection

This single-center, retrospective, case-control study used data 

from patients diagnosed with ARI in the ED between January 2018 

and June 2025. Inclusion criteria were defined as adult patients 

(≥18 years) with ARI confirmed by contrast-enhanced abdominal 

computed tomography (CT). Data extraction was performed 

through a retrospective review of electronic medical records. The 

study protocol was approved by the Aksaray University Health 

Sciences Scientific Research Ethics Committee (decision number: 

2025/006, date: 16.01.2025), and the study was conducted in 

accordance with the principles of the Declaration of Helsinki.

Patients were excluded if they met any of the following criteria: 

(1) age <18 years; (2) ARI not confirmed by contrast-enhanced CT; 

(3) insufficient clinical, laboratory, or imaging data; (4) absence 

of abdominal or flank pain; (5) history of acute or chronic 

liver disease; (6) presence of sepsis or systemic inflammatory 

disease; (7) history of malignancy; (8) history of chronic kidney 

disease or prior renal transplantation; or (9) clinical conditions 

known to significantly affect LDH levels, such as major trauma, 

rhabdomyolysis, or myocardial infarction.

Data Collection

Patient demographic characteristics (age, sex), presenting vital 

signs, chief complaint, comorbidities (e.g., atrial fibrillation, 

hypertension, diabetes mellitus), and the anatomical location of 

ARI (right or left kidney) were obtained from electronic medical 

records. All laboratory parameters, including LDH and albumin 

levels, were obtained from venous blood samples collected at the 

time of presentation to the ED. Contrast-enhanced abdominal 

CT images were obtained using a 128-slice GE Revolution EVO 

(USA) CT scanner. The ARI group was defined based on contrast-

enhanced abdominal CT findings consistent with ARI. The final 

diagnosis of ARI was established by consensus between an 

emergency medicine specialist and a urologist, based on a review 
of the radiologists’ abdominal CT reports and the corresponding 
images. All demographic, laboratory, and imaging data were 
systematically recorded using a standardized, study-specific data 
collection form. 

The control group consisted of patients with acute ureterolithiasis 
who presented to the ED with similar symptoms (flank or 
abdominal pain) during the same period; ARI was excluded 
by contrast-enhanced CT performed as part of their diagnostic 
evaluation. To increase the statistical power of the study, the 
control group was matched to the case group at a 2:1 ratio on 
age and sex using propensity score matching. This approach 
reduced the influence of potential confounding variables, 
thereby enabling a more reliable assessment of the independent 
diagnostic utility of the LDH/albumin ratio in ARI. The matching 
process was performed using the nearest-neighbor algorithm 
with a caliper width of 0.2. The effectiveness of the propensity 
score matching was confirmed by standardized mean difference 
values <0.1, indicating a well-balanced distribution between 
the matched groups. This approach substantially reduced bias 
and enhanced the reliability of the evaluation of the diagnostic 
performance of the laboratory indicators.

Statistical Analysis

Statistical analyses were performed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). Categorical variables were presented as 
frequencies and percentages, and comparisons were conducted 
using the chi-square test or Fisher’s exact test. The distribution of 
continuous variables was assessed using the Kolmogorov-Smirnov 
test. Normally distributed continuous data were compared using 
the Student’s t-test and presented as mean ± standard deviation, 
whereas non-normally distributed data were compared using 
the Mann-Whitney U test and expressed as median (25th-75th 
percentile). To investigate the independent association between 
the LDH/albumin ratio and ARI, a univariate logistic regression 
analysis was first performed; variables with a p-value <0.05 were 
then included in a multivariate logistic regression model. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were reported. The 
diagnostic performance of the LDH/albumin ratio for ARI was 
evaluated using ROC curve analysis. The area under the curve 
(AUC) and its 95% CI were calculated, and the optimal cut-off 
value was determined using the Youden index. ROC curve AUCs 
were compared using the DeLong test to assess differences in 
diagnostic performance between the LDH/albumin ratio and 
individual biomarkers. Sensitivity, specificity, and positive and 
negative predictive values were also calculated. For all analyses, 
a p-value <0.05 was considered statistically significant.
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Results

A total of 162 patients who met the eligibility criteria were 
included in the study. Of these, 108 patients (66.7%) were 
assigned to the control group (acute ureterolithiasis), and 54 
patients (33.3%) were diagnosed with ARI. The median age was 
50 (46-55) years in the control group and 53 (47-58) years in 
the ARI group. Male patients constituted 53.7% of the control 
group and 55.6% of the ARI group. Flank pain was significantly 
more common in the control group (80.6% vs. 51.9%; p<0.001), 
whereas abdominal pain was observed more frequently in the 
ARI group (74.1% vs. 47.2%; p=0.001). The prevalence of atrial 
fibrillation was markedly higher in the ARI group compared 
with controls (27.8% and 9.3%, respectively; p=0.002). Patients 
with ARI also exhibited significantly elevated white blood cell 
(WBC) counts (11.7±2.7 and 10.5±1.9, respectively; p=0.001), 
LDH levels (680±148 and 468±99 U/L, respectively; p<0.001), 
and LDH/albumin ratio (16.5±3.4 and 10.5±2.3, respectively; 
p<0.001) (Figure 1). In contrast, albumin levels were lower in the 
ARI group (41.2±2.9 and 44.6±3.6 g/L, respectively; p<0.001), 
while hematuria was more frequently observed among control 
patients (64.8% and 42.6%, respectively; p=0.007) (Table 1).

Abdominal pain OR=2.66; CI=1.55-4.56; p=0.001, atrial 
fibrillation (OR=3.73; CI=1.62-8.01; p=0.002), and WBC 
count (OR=1.19; CI=1.05-1.38; p=0.003) were all significantly 
associated with a higher likelihood of ARI. Among 
biochemical markers, LDH demonstrated a strong association  

Figure 1. Distribution of patients according to LDH Levels and 
LDH/albumin ratios by acute renal infarction status

LDH: Lactate dehydrogenase

Table 1. Comparison of patient characteristics between the 
acute renal infarction group and the acute ureterolithiasis 
(Control) group

Variables
Control 
group 
(n=108)

ARI group 
(n=54) p-value

Age, years 50 (46-55) 53 (47−58) 0.106

Male sex 58 (53.7%) 30 (55.6%) 0.823

Vital sign

SBP, mmHg 132.7±12.1 133.5±12.2 0.704

DBP, mmHg 81.9±6.4 82.6±7.1 0.462

Heart rate, bpm 84 (80-92) 85 (81-94) 0.089

Body temperature, °C 36.8±0.3 36.9±0.4 0.323

Presenting symptoms

Abdominal pain 51 (47.2%) 40 (74.1%) 0.001

Flank pain 87 (80.6%) 28 (51.9%) <0.001

Nausea/vomiting 43 (39.8%) 26 (48.1%) 0.312

Fever 6 (5.6%) 5 (9.3%) 0.377

Other 3 (2.8%) 2 (3.7%) 0.748

Past medical history

Hypertension 31 (28.7%) 17 (31.5%) 0.715

Diabetes mellitus 17 (15.7%) 11 (20.4%) 0.463

Cardiovascular disease 8 (7.4%) 6 (11.1%) 0.429

Atrial fibrillation 10 (9.3%) 15 (27.8%) 0.002

Dyslipidemia 6 (5.6%) 8 (14.8%) 0.072

Ureteral stone 41 (38.0%) 10 (18.5%) 0.012

Side of ARI on CT

Right 50 (46.3%) 29 (53.7%)
0.374

Left 58 (53.7%) 25 (46.3%)

Laboratory data (reference range)

WBC, (4-10 103/mL) 10.5±1.9  11.7±2.7 0.001

Hemoglobin, (11-16 g/dL) 13.0±1.1 13.1±1.2 0.626

Platelet count, (100-400 109/L) 246±44 241±31 0.578

Urea, (12-43 mg/dL) 25.5±7.3 27.3±7.4 0.104

Creatinine, (0.67-1.17 mg/dL) 0.89±0.30 0.93±0.29 0.215

AST, (0-50 U/L) 36.4±10.5 38.8±9.1 0.118

ALT, (0-50 U/L) 34.4±9.2 35.1±8.4 0.433

Albumin, (35-52 g/L) 44.6±3.6 41.2±2.9 <0.001

LDH, (0-248U/L) 468±99 680±148 <0.001

CRP, (0-5 mg/L) 3.8±2.9 3.2±2.5 0.456

LDH/albumin ratio 10.5±2.3 16.5±3.4 <0.001

Urinalysis

Proteinuria 17 (15.7%) 8 (14.8%) 0.878

Hematuria 70 (64.8%) 23 (42.6%) 0.007

Data are expressed as mean ± standard deviation, median (25th-75th quartile) and 
percentiles or n (%). ARI: Acute renal infarction, SBP: Systolic blood pressure, DBP: 
Diastolic blood pressure, WBC: White blood cell count, AST: Aspartate aminotransferase, 
ALT: Alanine aminotransferase, CRP: C-reactive protein, LDH: Lactate dehydrogenase, 
CT: Computed tomography
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(OR=2.91; CI=1.80-4.72; p<0.001), while the LDH/albumin ratio 
emerged as the most powerful predictor (OR=4.85; CI=3.00-
7.72; p<0.001). Conversely, flank pain (OR=0.27; CI=0.16-0.44; 
p<0.001), a history of ureteral stones (OR=0.38; CI=0.18-
0.74; p=0.014), lower albumin levels (OR=0.79; CI=0.66-0.94; 
p<0.001), and hematuria (OR=0.43; CI=0.25-0.70; p=0.006) 
were significantly associated with reduced odds of ARI (Table 2). 
Independent predictors of ARI were evaluated using multivariate 
logistic regression analysis (Table 3). To avoid multicollinearity, 
LDH and albumin were excluded from the multivariate model, 
and the LDH/albumin ratio remained the strongest independent 
predictor of ARI (OR=3.62; CI=1.96-6.58; p<0.001). Atrial 
fibrillation was the only clinical comorbidity that retained an 
independent and statistically significant association with ARI 
(OR=2.46; CI=1.12–5.05; p=0.021). The diagnostic performance 
of LDH, albumin, and the LDH/albumin ratio in identifying ARI 
was evaluated using ROC curve analysis (Table 4). The LDH/
albumin ratio demonstrated the highest discriminative ability, 
with an AUC of 0.921 (CI=0.881-0.963), followed by LDH with 
an AUC of 0.873 (CI=0.820–0.934), and albumin with an AUC 
of 0.780 (CI=0.711-0.853). A cut-off value of >13.1 for the LDH/

albumin ratio yielded a sensitivity of 85.2% and a specificity of 
83.3%, indicating strong diagnostic accuracy for distinguishing 
ARI from ureterolithiasis.

Discussion

ARI is a clinically uncommon condition, and current data indicate 
that an accurate diagnosis is established in only about 40% of 
patients at the time of presentation (8,9). This low diagnostic rate 
stems from the non-specific clinical presentation, with symptoms 
such as sudden-onset flank or abdominal pain, nausea, vomiting, 
and hematuria (10-12). These symptoms are frequently mistaken 
for more common clinical conditions, such as nephrolithiasis, 
ureterolithiasis, cholelithiasis, pyelonephritis, or gastrointestinal 
infections, and may therefore lead to delays in diagnosis. In this 
context, clinicians’ ability to recognize clinical and laboratory 
findings suggestive of ARI may play a critical role in facilitating 
early diagnosis and reducing the risk of irreversible renal injury. 
Thus, the identification of novel biomarkers that may contribute 
to the diagnosis of ARI is of considerable clinical importance. 
Accordingly, this study investigated the diagnostic utility of the 
LDH/albumin ratio in patients with ARI. We found the LDH/
albumin ratio to be the strongest independent predictor of ARI, 
and it demonstrated the highest diagnostic performance, with 
an AUC of 0.921 in differentiating ARI from acute ureterolithiasis.

Ischemia, cellular hypoxia, oxidative stress, and the inflammatory 
response during ARI substantially increase the release of LDH 
into the plasma. Oxygen deficiency within renal tissue triggers 
the LDH-mediated conversion of pyruvate to lactate, shifting 
energy production toward anaerobic metabolism and thereby 
increasing cellular metabolic stress. Elevated LDH may further 
promote oxidative stress, while the resulting lactic acid can 
exacerbate inflammation by influencing the production of nitric 
oxide and cytokines such as TNF-α and interleukin-6 (13,14). 
LDH, a marker of cellular necrosis, rises rapidly during renal 
infarction and may reach levels four to five times the normal 
level. Although it gradually declines after symptom onset, 
it typically remains elevated for approximately 15 days (5). 
However, because LDH levels vary depending on the size and 
duration of the infarction, establishing a reliable cut-off value 
based on LDH alone is challenging. Because LDH is present in 
multiple tissues, various forms of cellular injury can elevate 
serum LDH levels. This may lead to both false-positive and 
false-negative interpretations, thereby limiting its diagnostic 
utility (15). In the literature, elevated serum LDH levels have 
been reported in more than 70% of patients with ARI (1,16-18). 
Previous studies have demonstrated associations between ARI 
and both a history of atrial fibrillation and elevated LDH levels 
(16,17). Similarly, Zhang and Liu (19) reported that LDH levels 

Table 2. Unadjusted associations between clinical and 
laboratory variables and the presence of acute renal infarction

Variables OR (95% CI) p-value

Abdominal pain 2.66 (1.55-4.56) 0.001

Flank pain 0.27 (0.16-0.44) <0.001

Atrial fibrillation 3.73 (1.62-8.01) 0.002

Ureteral stone 0.38 (0.18-0.74) 0.014

WBC 1.19 (1.05-1.38) 0.003

Albumin 0.79 (0.66-0.94) <0.001

LDH 2.91 (1.80-4.72) <0.001

LDH/album ratio 4.85 (3.00-7.72) <0.001

Hematuria 0.43 (0.25–0.70) 0.006

OR: Odds ratio, CI: Confidence interval, WBC: White blood cell count, LDH: Lactate 
dehydrogenase

Table 3.  Independent predictors of acute renal infarction in 
multivariate analysis

Variables OR (95% CI) p-value

Abdominal pain 1.28 (0.63-2.11) 0.218

Flank pain 0.74 (0.40-1.26) 0.193

Atrial fibrillation 2.46 (1.12-5.05) 0.021

Ureteral stone 0.91 (0.48-1.68) 0.613

WBC 1.07 (0.95-1.22) 0.264

LDH/albumin ratio 3.62 (1.96-6.58) <0.001

Hematuria 0.82 (0.45-1.50) 0.493

OR: Odds ratio, CI: Confidence interval, WBC: White blood cell count, LDH: Lactate 
dehydrogenase
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were frequently elevated in ARI and suggested that this marker 
may help differentiate ARI from other causes of acute flank 
pain, including renal colic. Additionally, elevations in aspartate 
aminotransferase, alanine aminotransferase, and C-reactive 
protein (CRP) levels have also been reported to be associated with 
ARI (17,20).  In a retrospective study comparing renal infarction 
and acute ureteral stone cases in the ED, Ahn and Lee (18) reported 
that advanced age (≥70 years), a history of atrial fibrillation, fever 
(≥37.5 °C), elevated LDH (≥500 IU/L), low chloride (≤103 mEq/L), 
low albumin (≤4.3 g/dL), elevated CRP (≥0.23 mg/dL), and the 
absence of urine erythrocytes were all significan tly associated 
with an increased probability of ARI. Similarly, in our study LDH 
levels were significantly higher in the ARI group.

Albumin plays a critical role in renal tissue due to its antioxidant 
and anti-inflammatory properties. It also helps maintain colloid 
osmotic pressure, thereby supporting fluid balance, intravascular 
volume, and tissue perfusion (21-24). Albumin, which interacts 
with oxidants through its free thiol group, may decrease in plasma 
levels during acute stress responses, leading to hypoalbuminemia 
(25-27). The reduction in albumin levels not only contributes to 
tissue injury by compromising renal endothelial stability but also 
diminishes the kidney’s resistance to oxidative and inflammatory 
stress by limiting albumin’s antioxidant and anti-inflammatory 
effects (13,28). Therefore, the simultaneous assessment of LDH 
and albumin may serve as a valuable indicator for the early 
diagnosis of ARI. The LDH/albumin ratio has recently been 
recognized as a novel diagnostic and prognostic biomarker across 
several clinical conditions. Fang et al. (6) reported that the LDH/
albumin ratio is an independent risk factor for the development 
of AKI in patients with sepsis. Mutailifu et al. (13) demonstrated 
that a high LDH/albumin ratio is associated with in-hospital 
mortality in aortic dissection, while Chu et al. (29) showed that it 
has prognostic value for predicting adverse clinical outcomes in 
patients with ischemic stroke. In our study, we demonstrated that 
the LDH/albumin ratio was the strongest independent predictor 

of ARI and showed excellent diagnostic performance, with an 
AUC of 0.921 for distinguishing ARI from acute ureterolithiasis. 
These results suggest that including albumin alongside LDH may 
increase diagnostic accuracy and that albumin may serve as a 
valuable diagnostic biomarker for clinical decision-making in 
patients presenting with acute flank pain.

Study Limitations

This study has several limitations. First, it was conducted 
retrospectively at a single center, which may limit generalizability 
to broader patient populations. Second, only patients with 
available LDH and albumin measurements were included, and 
these biomarkers were assessed at a single time point; therefore, 
changes over time could not be evaluated. Third, the relatively 
small number of patients diagnosed with ARI reduced the statistical 
power. Fourth, the diagnosis of ARI relied exclusively on contrast-
enhanced CT; consequently, patients unable to undergo contrast-
enhanced CT were excluded, potentially introducing selection 
bias. Fifth, LDH and albumin levels are influenced by several 
external factors, including nutritional status, chronic illnesses, 
and nonspecific tissue injury, all of which may have introduced 
unmeasured confounding. Another limitation of this study is 
that serum LDH levels may be influenced by hemolysis; because 
of the retrospective design, hemolyzed blood samples could not 
always be reliably identified. Finally, using acute ureterolithiasis 
alone as the control group limits the generalizability of the LDH/
albumin ratio's diagnostic performance to other causes of acute 
abdominal or flank pain.

Conclusion

Our findings indicate that the LDH/albumin ratio provides 
superior diagnostic accuracy compared with LDH or albumin 
alone, likely because it reflects both tissue ischemia and 
underlying inflammatory processes. Consequently, the LDH/
albumin ratio may serve as a valuable and readily accessible 
biomarker for the early identification of ARI. Further studies are 

Table 4. Receiver operating characteristic curve analysis for the diagnostic performance of LDH, albumin, and the LDH/albumin ratio 
in identifying acute renal infarction

Variables Albumin LDH LDH/albumin ratio

AUC (95% CI) 0.780 (0.711-0.853) 0.873 (0.820-0.934) 0.921 (0.881-0.963)

Cut-off value <41 g/L >585 U/L >13.1

Sensitivity (%) 72.2 80.0 85.2

Specificity (%) 70.4 79.6 83.3

+LR 2.44 3.92 5.10

-LR 0.39 0.25 0.18

PPV (%) 57.0 67.5 73.0

NPV (%) 81.5 88.4 92.0

AUC: Area under the curve, CI: Confidence interval, LR: Likelihood ratio, PPV: Positive predictive value, NPV: Negative predictive value, LDH: Lactate dehydrogenase
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required to validate its clinical utility and determine its role in 
routine diagnostic practice.
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