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Abstract 

Introduction: Diagnosis of acute kidney injury (AKI) in horses is difficult at the subclinical stage, due to nonspecific clinical 

signs. The aim of this study was to evaluate the concentrations of selected serum and urinary biomarkers in healthy horses, horses 

at risk of AKI, and those with clinical AKI. Material and Methods: Thirty healthy horses, 30 horses at risk of AKI and 11 horses 

with clinical AKI and azotaemia were included in the study. Serum and urinary neutrophil gelatinase-associated lipocalin (NGAL) 

and cystatin C were measured using commercially available enzyme immunoassay tests. Results: The median and (in parentheses) 

first and third quartile concentrations of selected biomarkers in healthy horses, horses at risk of AKI and horses with AKI were 

respectively as follows: serum cystatin C – 0.25 (0.19–0.37), 0.23 (0.15–0.37) and 0.61 (0.37–1.13) mg/L; serum NGAL – 50.5 

(38.8–58.8), 51.1 (40.4–66.9) and 98.1 (59.4–128.2) ng/mL; urinary NGAL – 20.7 (17.9–24.5), 32.3 (32.7–55.8) and 36.6 (26.8–

89.9) ng/mL; and urinary cystatin C – 0.1 (0.07–0.13), 0.13 (0.1–0.2) and 0.34 (0.22–0.37) mg/L. There were significant differences 

in the concentration of all biomarkers between the healthy and AKI-affected horses. Conclusion: Horses with AKI all had 

biomarker concentrations higher than the healthy horses. None of the biomarkers made azotaemia recognisable in all affected horses. 

The obtained results indicate the need to create a serum and urinary biomarker panel to detect AKI. 
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Introduction 

Acute kidney injury (AKI) is a syndrome of sudden 

organ damage, often secondary to other primary 

diseases. The early stage of injury itself is not always 

associated with obvious organ dysfunction, which 

makes diagnosis challenging. Unfortunately, even  

a mild, subclinical kidney injury can lead to severe 

consequences, such as acute kidney failure or chronic 

kidney disease (12). This condition, underestimated in 

horses in the past, is quite common, especially in 

patients undergoing intensive care (6, 19). The most 

common causes of AKI in horses are haemodynamic 

changes (dehydration or hypovolaemia), endotoxaemia 

or systemic inflammatory response syndrome, and the 

use of potentially nephrotoxic drugs (especially 

aminoglycosides and nonsteroidal anti-inflammatory 

drugs – NSAIDs) (1, 11, 25). Since the early stages of 

AKI do not give specific clinical signs and manifest only 

in exacerbation of the primary disease, non-specific 

urinary abnormalities and slight to no change in 

ultrasound, there is a need to identify sensitive and 

specific biomarkers of this condition (22). Currently, the 

diagnosis is mainly based on detection of an increase in 

the serum creatinine concentration, which occurs 

relatively late in the AKI process and is dependent on 

many non-renal factors. In human medicine, many 

serum and urinary biomarkers are used to detect AKI. 

These include dysfunction and injury biomarkers such 

as cystatin C and neutrophil gelatinase-associated 

lipocalin (NGAL) (30). In equine medicine such 

biomarkers are not in widespread use, and in the 
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literature there are only limited studies which 

investigated cystatin C and NGAL for evaluation of  

renal function in horses (1, 9, 27). 

The main goal of this study was to report and 

compare the concentrations of serum and urinary 

cystatin C and NGAL in healthy horses, horses at risk of 

AKI and horses with clinical AKI. The secondary goal 

was to assess the relationship between these and more 

conventional renal dysfunction biomarkers such  

as serum creatinine and urea, urinary protein, the 

gamma-glutamyl transpeptidase (GGT) to creatinine 

ratio, and fractional excretion of sodium (FENa). 

Additionally, this research sought to establish which 

biomarkers could be used to detect AKI and examine 

how potentially nephrotoxic factors such as 

gastrointestinal diseases and drugs affect the kidneys. 

Material and Methods 

For this investigation, samples from a previously 

published study were used. A detailed description of the 

study design, group constitution and additional results 

was provided by Siwińska et al. (23). 

Animals: The study was conducted on 71 adult 

warmblood horses. The animals were divided into three 

groups: group I, the non-AKI group; group II, the AKI-

risk group; and group III, the AKI group. The history of 

all the horses was learned from the owners, and each 

animal’s body weight was measured using a horse 

measurement tape or scale. All horses underwent a full 

clinical examination, urinary tract ultrasound examination, 

and urine and blood analysis. The non-AKI group 

consisted of 30 healthy horses (15 mares and 15 

geldings) between 3 and 29 years old (mean 14.7,  

SD 8.4). The inclusion criteria were good body 

condition, no local or general disease at the time of 

examination or in an at least 6-month period before and 

after the research, no drug administration in the 6-month 

period before the study, bloodwork and urinalysis results 

within the laboratory reference ranges and no urinary 

tract lesions visible in transabdominal ultrasonography. 

The AKI-risk group also contained 30 horses (15 mares 

and 15 geldings) aged 2–27 years (mean 14.7, SD 7.6). 

This group consisted of three subgroups. Subgroup I was 

ten horses being treated for colic or gastrointestinal 

diseases. Subgroup II incorporated ten horses receiving 

phenylbutazone at a dose of 2.2 mg/kg body weight 

(b.w.) every 12h orally for 10 days, and subgroup III 

held ten horses receiving gentamicin at a dose of  

6.6 mg/kg b.w. intravenously for 5 days. Phenylbutazone 

and gentamicin were administered for a variety of 

conditions. The inclusion criteria were serum creatinine 

and urea concentration within the physiological ranges 

at study commencement, and no systemic manifestation 

of primary disease such as endotoxaemia, sepsis or 

systemic inflammatory response syndrome throughout 

the period of investigation. Serum creatinine 

concentration could be slightly elevated at the end of the 

research without this leading to exclusion, but only by 

no more than 25% from the baseline. The AKI group 

assembled 11 horses with clinical AKI (6 mares and  

5 geldings) no younger than 2 or older than 20 years 

(mean 9.4, SD 5.8). Horses in this group were classified 

as suffering from AKI at the time and had the condition 

from different primary causes including cardiovascular 

compromise, administration of potentially nephrotoxic 

drugs, endotoxaemia, and postanaesthetic rhabdomyolysis. 

The inclusion criterion was primary acute disease 

accompanied by azotaemia. An additional criterion was 

kidney dysfunction confirmed by changes in urinalysis 

and/or in renal ultrasound parameters. The exclusion 

criteria were a history of urinary tract dysfunction or 

disease, congenital anomalies, post-renal azotaemia, and 

elevated serum creatinine and urea without other signs 

of primary disease. 

Sample collection: Blood was collected from the 

jugular vein and put into ethylenediaminetetraacetic acid 

(EDTA) tubes (Medan, Poland) and tubes with a clot 

activator (Medan, Poland). Urine was collected into  

a sterile container during spontaneous urination or via 

aseptic catheterisation of oliguric horses and horses 

which had undergone laparotomy. Blood and urine for 

biomarker evaluation were sampled only once from each 

horse. In AKI-risk colic horses, samples were collected 

prior to treatment, and in the AKI-risk horses receiving 

gentamicin or NSAIDs they were collected once 

treatment was terminated. In the AKI horses, samples 

were collected at the commencement of treatment. 

Laboratory analysis: Haematological examination 

was performed from an EDTA blood sample using a Scil 

Vet ABC animal blood counter (Horiba, USA). The 

serum was divided and placed in 1 mL Eppendorf tubes 

(Eppendorf, Germany) and immediately transported to 

an external veterinary laboratory for biochemical 

analysis. The serum creatinine and urea concentrations 

were assessed using an AU680 chemistry analyser 

(Beckman Coulter, USA) and dedicated reagents. The 

remaining serum was stored at −80°C until further 

NGAL and cystatin C analysis. Fresh urine was analysed 

for colour, transparency, specific gravity, pH, glucose, 

blood, acetone, bilirubin and urobilinogen using urine 

strips (ComboStik, South Korea). The biochemical 

analysis of urine protein, creatinine, GGT and sodium 

was performed using the AU680 chemistry analyser and 

reagents. The urine protein to creatinine ratio and urine 

GGT to creatinine ratio were calculated, as was FENa 

using the formula FENa (%) = 100 × (urine Na × serum 

creatinine/serum Na × urine creatinine). Urine samples 

in 2 mL volumes were placed in Eppendorf tubes and 

stored at −80°C until further NGAL and cystatin C 

analysis. 

Evaluation of NGAL and cystatin C from frozen 

serum and urine samples was undertaken in the 

Department of Biochemistry and Molecular Biology, 

Faculty of Veterinary Medicine of the Wroclaw 

University of Environmental and Life Sciences, Poland. 

Following thawing, the samples were mixed thoroughly 
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and centrifuged briefly. Undiluted serum and urine were 

used to measure NGAL (ng/mL) and cystatin C (mg/L) 

levels with commercially available ELISA kits 

(MyBioSource, USA, catalogue numbers MBS087573 

and MBS022947), according to the manufacturer’s 

instructions. These kits were developed and validated by 

the manufacturer for use with serum and urine samples 

of equine origin. The plates were washed with an ELx50 

Automatic Plate Washer (BioTek Instruments, USA), 

and the absorbance was assessed with a Multiskan  

EX photometer (Thermo Scientific, USA). For each 

measurement, the 620 nm background absorbance was 

subtracted from the 450 nm absorbance, and a four-

parameter curve fitting was employed to calculate the 

analyte concentration. All measurements were 

performed in duplicate. 

Statistical analysis. The normality of distribution 

of the data was analysed using the Shapiro–Wilk test. 

One-way ANOVA with Fisher’s least significant 

difference post-hoc test was used to compare normally 

distributed variables. These were presented as average  

± SD, while abnormally distributed variables were 

presented as median and first and third quartiles. Any 

differences between groups in quantitative variables 

were evaluated using the Kruskal–Wallis test with the 

post-hoc Conover pairwise comparison and the 

Benjamini–Hochberg procedure. The correlation 

between variables was assessed using Spearman’s 

correlation coefficient. A receiver operating characteristic 

(ROC) analysis was performed to assess the value of the 

sensitivity and specificity of biomarkers to detect AKI. 

The tests were considered statistically significant if  

P < 0.05. All analyses were performed using R for 

Windows software (version 3.6.1) (18). 

Results 

The results concerning basic blood and urinary 

parameters were previously published by Siwińska et al. (23). 

The results of the serum and urinary NGAL and cystatin 

C measured in the non-AKI, AKI-risk and AKI horses 

are presented in Tables and Figs 1 and 2. Table 1 also 

shows the number of horses with biomarker 

concentrations above the cut-off value. Non-AKI horses 

and AKI-risk horses receiving potentially nephrotoxic 

drugs had significantly lower serum and urinary cystatin 

C and serum NGAL concentrations than AKI horses. 

This difference was not observed in the group of  

AKI-risk horses with colic. Urinary cystatin C and 

NGAL were significantly higher in AKI-risk horses with 

colic and AKI horses compared to non-AKI horses. 

The correlations between NGAL/cystatin C and 

conventional serum/urine biomarkers of renal 

dysfunction are presented in Table 3. Only in the case of 

urinary cystatin C was there a low positive correlation 

with serum creatinine. A low correlation with serum 

urea was demonstrated by serum NGAL and serum and 

urinary cystatin C. Urinary cystatin C and NGAL also 

showed a low positive correlation with urine protein. All 

tested biomarkers presented low positive correlations 

with the GGT to creatinine ratio, except for serum 

cystatin C. Urinary NGAL was the only biomarker 

which revealed a low positive correlation with FENa. 

Table 4 and Figs 3 and 4 contain the results of the 

ROC analysis of the concentration of NGAL and 

cystatin C to detect acute kidney dysfunction in the 

examined horses. 

The best cut-off values for the evaluated 

biomarkers were 95.2 for serum NGAL, 33.1 for urinary 

NGAL, 0.53 for serum cystatin C, and 0.2 for urinary 

cystatin C. The highest sensitivity for the detection of 

AKI was demonstrated by urinary cystatin C and the 

highest specificity was shown by serum NGAL. All 

biomarkers proved more effective in detecting negative 

rather than positive results. The best ability to 

distinguish between normal and abnormal results was 

demonstrated by urinary cystatin C, whereas in the case 

of serum NGAL this ability was fair, and for serum 

cystatin C and urine NGAL it was moderate. 
 

 

 
 

Fig. 1. Results of serum (S) and urinary (U) neutrophil gelatinase-associated lipocalin (NGAL) in healthy horses (non-acute kidney injury (AKI) 
group), horses at risk of acute kidney injury (AKI-risk group; divided into colic sufferers, recipients of nonsteroidal anti-inflammatory drugs 

(NSAIDs) and recipients of gentamicin) and horses diagnosed with acute kidney injury (AKI group) 
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Fig. 2. Results of serum (S) and urinary (U) cystatin C in healthy horses (non-acute kidney injury (AKI) group), horses at risk of acute 
kidney injury (AKI-risk group; divided into colic sufferers, recipients of nonsteroidal anti-inflammatory drugs (NSAIDs) and recipients 

of gentamicin) and horses diagnosed with acute kidney injury (AKI group) 

 

 
Fig. 3. Receiver operating characteristic (ROC) analysis curve showing the sensitivity and specificity of (A) serum and (B) urinary 
neutrophil gelatinase-associated lipocalin (NGAL) in relation to the detection of acute kidney dysfunction in the examined horses 

AUC – area under ROC 

 

 
Fig. 4. Receiver operating characteristic (ROC) analysis curve showing the sensitivity and specificity of (A) serum and (B) cystatin C in 

relation to the detection of acute kidney dysfunction in the examined horses 

AUC – area under ROC 
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Table 1. Concentration of serum and urinary cystatin C and neutrophil gelatinase-associated lipocalin (NGAL) measured in healthy horses (non-

acute kidney injury (AKI) group), horses at risk of acute kidney injury (AKI-risk group; divided into colic sufferers, recipients of nonsteroidal anti-
inflammatory drugs (NSAIDs) and recipients of gentamicin) and horses diagnosed with acute kidney injury (AKI group) 
 

Parameter 

Non-AKI group (n = 30) 
  AKI-risk group (n = 30)     

AKI group (n = 11) 
Colic (n = 10) NSAIDS (n = 10) Gentamicin (n = 10) All 

Min–max 
Me (Q1–

Q3) 
n’ Min–max 

Me (Q1–

Q3) 
n’ Min–max 

Me (Q1–

Q3) 
n’ Min–max 

Me (Q1–

Q3) 
n’ Min–max Me (Q1–Q3) n’ Min–max Me (Q1–Q3) n’ 

NGAL 

(ng/mL) 

Serum 
25.00–

95.20 

50.50 

(38.80–

58.80) 

0 
30.70–

201.90 

73.00 

(54.50–

129.70) 

3 
27.20–

74.20 

45.80 

(33.70–

61.10) 

0 31.10–91.20 

48.30 

(40.40–

57.30) 

0 
27.20–

201.90 

51.10 

(40.40–

66.90) 

3 
50.60–

277.60 

98.10 

(59.40–

128.20) 

6 

Urine 
8.50–

41.70 

20.70 

(17.90–

24.50) 

4 
12.90–

112.10 

53.40 

(31.10–

64.20) 

7 
18.80–

59.80 

30.20 

(23.10–

47.80) 

3 12.80–60.90 

29.80 

(25.20–

33.00) 

2 
12.80–

112.10 

32.30 

(23.70–

55.80) 

12 
19.10–

223.00 

36.60 

(26.80–

89.90) 

7 

Cystatin C 

(mg/L) 

Serum 0.13–0.71 

0.25 

(0.19–

0.37) 

2 0.09–1.01 

0.36 

(0.19–

0.60) 

3 0.08–0.40 

0.24 

(0.15–

0.26) 

0 0.06–0.55 

0.19 

(0.13–

0.26) 

1 0.06–1.01 
0.23 (0.15–

0.37) 
4 0.07–1.71 

0.61 (0.37–

1.13) 
7 

Urine 0.06–0.50 

0.10 

(0.07–

0.13) 

2 0.02–0.43 

0.25 

(0.10–

0.35) 

5 0.07–0.19 

0.13 

(0.12–

0.13) 

0 0.05–0.34 

0.14 

(0.08–

0.19) 

1 0.02–0.43 
0.13 (0.10–

0.19) 
6 0.10–0.50 

0.34 (0.22–

0.37) 
9 

 

Me – median; Q1 – first quartile; Q3 – third quartile; S – serum; U – urine; n’ – number of horses with elevated parameter above cut-off value 

 
Table 2. Significant differences in serum and urine biomarkers between healthy horses (non-acute kidney injury (AKI) group), horses at risk 

of kidney injury (AKI-risk group; divided into colic sufferers, recipients of nonsteroidal anti-inflammatory drugs (NSAIDs) and recipients  

of gentamicin) and horses diagnosed with acute kidney injury (AKI group) 
 

Parameter 
Non-AKI vs 

AKI 

AKI-risk colic vs AKI-risk NSAIDs vs AKI-risk gentamicin vs 

Non-AKI AKI Non-AKI AKI Non-AKI AKI 

NGAL 

(ng/mL) 

Serum 0.0030 - - - 0.0030 - 0.0200 

Urine 0.0050 0.0050 - - - - - 

Cystatin C 
(mg/L) 

Serum 0.0400 - - - 0.0400 - 0.0200 

Urine 0.0001 0.0400 - - 0.0400 - 0.0300 
 

NGAL – neutrophil gelatinase-associated lipocalin 

 
Table 3. Spearman’s correlation between the analysed biomarkers and selected conventional renal dysfunction biomarkers 
 

                 Parameter 
NGAL Cystatin C 

Serum Urine Serum Urine 

Serum 

Urea 
rs = 0.360 

P = 0.002 
NS 

rs = 0.300 

P = 0.014 

rs = 0.340 

P = 0.004 

Creatinine NS NS NS 
rs = 0.300 
P = 0.013 

Urine 

Protein NS 
rs = 0.360 

P < 0.005 
NS 

rs = 0.400 

P < 0.001 

GGT : Creatinine ratio 
rs = 0.300 

P = 0.012 

rs = 0.390 

P < 0.001 
NS 

rs = 0.370 

P < 0.005 

                                             FENa NS 
rs = 0.33 

P = 0.005 
NS NS 

 

NGAL – neutrophil gelatinase-associated lipocalin; rs – Spearman’s correlation coefficient; GGT – Gamma-glutamyltransferase; FENa – Fractional 

sodium excretion; NS – statistically nonsignificant 

 
Table 4. The receiver operating characteristic (ROC) analysis of serum and urinary cystatin C and neutrophil gelatinase-associated 
lipocalin (NGAL) relative to kidney dysfunction in horses 
 

Parameter Cut-off value Sensitivity Specificity Positive predictive value Negative predictive value AUC 

NGAL Serum 95.20 0.54 0.93 0.60 0.92 0.73 

 Urine 33.10 0.64 0.71 0.30 0.90 0.66 

Cystatin C Serum 0.53 0.64 0.85 0.44 0.93 0.67 

 Urine 0.20 0.82 0.85 0.50 0.96 0.84 
 

AUC – area under the ROC 
 

 

Discussion  

The conducted study presents the results of serum 

and urine cystatin C and serum and urine NGAL 

measured in healthy horses, horses at risk of AKI, and 

horses with AKI. To the authors’ knowledge, this is the 

first study assessing NGAL and cystatin C in preclinical 

and clinical AKI in horses. The authors also assessed 

how selected biomarker concentrations corresponded to 

the concentrations of the more conventional biomarkers 

used as a standard indicator of renal function. The few 

current reports on new renal biomarkers in equine 

medicine focus mainly on serum biomarkers, while the 

present study assessed selected biomarkers in equine 

urine. 

Neutrophil gelatinase-associated lipocalin is a small 

extracellular protein molecule the expression of which is 

rapidly induced in the nephron in response to renal 

epithelial hypoxia, injury and inflammation (13). 

Increased NGAL concentrations are seen in human 

patients with suspicion of AKI (14, 24). In horses, 

NGAL was identified in postmortem specimens of 

laminitic hoof lamellar tissue, necrotic cecum, inflamed 

salivary glands and wounds (3, 10). So far, there are only 
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two reports on serum NGAL concentration in healthy 

horses and horses with renal problems (9, 27). Compared 

to the serum NGAL concentration in healthy horses 

reported by Jacobsen et al. (9), our concentration  

results were higher, but the maximums were similar 

(95.16 ng/mL vs 103.6 µg/L), indicating similar upper 

limits of the norm. The serum NGAL concentration in 

the AKI-risk group was similar to the non-AKI group. 

The exception was the colic subgroup, where three 

horses had serum NGAL concentration above the cut-off 

value. This result may suggest the detection of early 

AKI. The highest concentrations of serum NGAL were 

observed in the AKI group. The median serum NGAL 

concentration in AKI horses was similar to that in horses 

with renal problems in the study by Jacobsen et al. (9). 

However, none of the AKI horses’ results were as high 

as those reported previously. Instead, both the present 

investigation and the referenced study link the presence 

of a low concentration of NGAL and concomitant 

azotaemia. This can possibly be explained by different 

mechanisms leading to AKI in different cases 

(dysfunction or injury). Since the expression of NGAL 

occurs not only in renal tubules but also in other organs, 

nonrenal factors such as comorbid disease can have  

an impact on its concentration (29). Research by  

van Galen et al. (27) showed a higher concentration of 

serum NGAL in horses with renal problems and 

coexisting inflammation than in horses with renal 

problems alone. This makes serum NGAL a less 

sensitive marker for the detection of kidney disease in 

horses. Also, according to the results of the ROC 

analysis, serum NGAL proved to be more effective in 

identifying healthy individuals without the disease. 

Increased urinary NGAL, in contrast to serum 

NGAL, indicates inadequate renal reabsorption ability 

(21). Since there are no published reference 

concentrations for urinary NGAL in horses, the results 

of this study were compared to those in the human 

medical literature. The urinary NGAL median 

concentration in non-AKI horses was similar to that 

recorded for humans, but the maximum values are lower 

(20). Interestingly, a few healthy horses had a urinary 

NGAL concentration above the cut-off value. In the 

AKI-risk group, the NGAL concentration was lower 

than those observed in people at risk of AKI (20). 

However, in colic horses urinary NGAL concentration 

was higher than in healthy horses, but the maximum 

concentration in this subgroup did not reach the values 

of the AKI group. This result can be compared to those 

in humans, where lower urinary NGAL values are 

observed in individuals at risk than in patients with 

clinical AKI (20). It can be concluded that urinary 

NGAL concentration increases with the transition of the 

renal disease from subclinical to clinical. Similarly to the 

other groups, urinary NGAL concentrations in AKI 

horses were lower than those reported in humans and 

their maximum concentrations did not reach human 

sufferer levels (20). Only seven AKI horses showed 

urinary NGAL concentration above the cut-off value. In 

humans, not all patients with clinical AKI had elevated 

NGAL urinary concentration, patients with stage 3 AKI 

having lower NGAL concentrations than those with 

stages 1 and 2 (20). This implies that urinary NGAL  

is elevated during early kidney disease and decreases 

with disease progression. This may also explain the lack 

of correlation between serum creatinine/urea and 

NGAL. In the examined equine subjects, there were 

horses with urinary NGAL above and serum NGAL 

below the cut-off value. It is possible that the 

concentration of NGAL increases in urine before it does 

in serum. Urinary NGAL showed greater sensitivity than 

the serum NGAL and the values obtained in the ROC 

analysis of this parameter are very similar to those 

obtained in humans (20). 

Cystatin C is a protease inhibitor that is expressed 

in all nucleated cells and is excreted exclusively by the 

kidneys. Its concentrations are closely related to renal 

function (7) and AKI is predicted by elevated plasma 

cystatin C levels in critically ill patients (8). Only one 

study has researched cystatin C in horses (1). Our 

research documented serum cystatin C concentrations in 

the non-AKI group similar to those recorded in dogs and 

cats (2, 16, 17). In the group of AKI-risk horses, serum 

cystatin C concentrations were no different from those 

in non-AKI horses. There were individuals with serum 

cystatin C concentration above the cut-off value. The 

highest concentration of serum cystatin C was achieved 

in the AKI horse group; however, while being the 

highest in the study, the reported concentrations in AKI 

horses were lower than those determined for other 

species with clinical renal disease, except cats (17). As 

in the case of NGAL, only some horses from this group 

showed values of this parameter above the cut-off value. 

Similar observations were made by Braun et al. (2) in 

dogs with signs of renal disease without azotaemia and 

in dogs without signs but with azotaemia. These results 

may be related to the severity of the disease, since in 

dogs, serum cystatin C levels increased with disease 

progression (16). However, due to no correlation having 

been seen between serum cystatin C and serum creatinine in 

the study, this cannot be confirmed in horses. Cystatin C 

is also influenced by factors other than glomerular 

filtration rate, such as inflammation, metabolic diseases, 

and even the interval between feeding and serum 

collection (2, 4, 25). Lack of significant correlations 

between serum cystatin C and other conventional renal 

dysfunction biomarkers may render this test only 

moderately powerful diagnostically. 

Cystatin C is present in very negligible amounts in 

normal urine (15) and urinary concentrations of this 

protein for all examined horses in previous research 

were similar to the normal human range (15). In the 

AKI-risk group, five colic horses had urinary cystatin C 

concentrations above the cut-off value and in this 

subgroup this parameter was higher than in healthy 

horses. This may indicate the detection of early AKI in 

this group. In the AKI group of horses, as in the case of 

serum NGAL and cystatin C, urinary cystatin C 
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concentration was also the highest. Nine horses from this 

group had urine cystatin C values above the cut-off 

value. That elevated values were not common to all 

horses may be due to the different advancement of the 

renal dysfunction process in different individuals, as 

observed in humans (15). In our study, a correlation 

between cystatin C and serum creatinine was observed. 

Of all the tested biomarkers, urinary cystatin C had the 

highest sensitivity and diagnostic power. 

Potential nephrotoxic side effects from colic and 

administration of nephrotoxic drugs are well documented 

in horses (1, 11, 26). In the AKI-risk group, an increase 

in tested biomarkers was observed mainly in colic 

horses. An increase in several biomarkers in this group 

may indicate the occurrence of kidney dysfunction or 

organ injury. Since gastrointestinal diseases are 

associated with a higher number of changes in the 

animal – haemodynamic changes, endotoxemia and 

systematic inflammatory response syndrome – they have 

a potentially more significant negative impact on renal 

function (28). In horses receiving potentially nephrotoxic 

drugs, no changes in the novel biomarker were seen, 

compared to healthy horses. Complications associated 

with the use of nephrotoxic medication have been 

observed mainly in foals, young horses and horses with 

dehydration or endotoxaemia (5). 

One of the study limitations was that the animals 

selected for the study were not homogeneous with 

respect to AKI aetiology or pathogenesis. This could 

influence the results of biomarker assays. However, 

under clinical conditions, AKI is polyaetiological in 

many patients (12). AKI itself may be associated with 

independent kidney injury with or without dysfunction. 

Moreover, a variety of biomarkers assess organ function 

and the degree of tissue damage. An optimally reliable 

predictive score for AKI may include a panel of different 

biomarkers rather than a single indicator. However, 

more research into the expression of selected biomarkers 

both in healthy and diseased horses is needed before they 

can be routinely used in practice. The second limitation 

of the study was the lack of renal histology, which would 

have allowed an assessment of the real degree of kidney 

injury in the examined horses. Due to the lack of 

available alternatives, serum creatinine was used as the 

gold standard to evaluate kidney function. Unfortunately, 

serum creatinine concentration is not an indicator 

capable of completely ruling out early AKI. The next 

limitation of the study was that biomarker concentrations 

were assessed only once. Each biomarker has its own 

concentration versus time curve. Finally, the storage of 

biological material, freezing or centrifugation of the 

sample may have affected the levels of the selected 

biomarkers. Due to the lack of other possibilities, the 

authors decided to use commercially available validated 

tests. The next interesting step would be to perform 

NGAL analyses with two different tests: those used by 

the authors and the ones used in the previous 

publications referred to. More research is needed to 

validate cystatin C and NGAL levels as biomarkers in 

horses at different stages of kidney disease progression. 

In conclusion, in this study, horses with AKI had  

a higher median concentration of all biomarkers 

compared to healthy horses. None of the single selected 

biomarkers recognised azotaemia in all affected horses. 

In every study group there were individuals with values 

below and above the cut-off value, however the urinary 

NGAL and cystatin C concentrations were higher in 

AKI-risk horses with colic compared to healthy ones, 

which indicates that those parameters may be suitable 

for the detection of subclinical AKI. Gastrointestinal 

diseases had a greater impact on the changes in selected 

biomarkers, and thus in the kidneys. Since primary 

diseases can affect these biomarker concentrations, their 

use for recognising AKI may be limited. Urinary 

cystatin C showed the greatest diagnostic power as well 

as high sensitivity and specificity, which recommends 

further research be undertaken on this biomarker in 

horses. The obtained results indicate the need to create  

a serum and urinary biomarker panel to detect AKI 

instead of using a single selected biomarker. 
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