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This research was performed to describe the characteristics of the progression of naturally occurring chronic kidney disease (CKD) in dogs, together with the management of identified risk factors, following the International Renal Interest Society recommendations. Dogs diagnosed and staged with CKD, and with a longitudinal follow-up from the moment of diagnosis of up to a maximum of 730 days, were included. A total of 545 dogs that presented risk factors for the development of CKD were analyzed, out of which 36 met the inclusion criteria. Advanced age was identified in 80.6% of cases. Initiation risk factors were represented by inflammatory/infectious diseases, history of anesthetic-surgical procedures, heart disease, neoplasms, endocrinopathies, and exposure to nephrotoxic drugs. During the follow-up period, progression of CKD was identified in 47.2% of the cases, being more salient in advanced stages. Serum symmetric dimethyl arginine (SDMA) was the only glomerular filtration rate (GFR) marker which displayed differences among studied times during early stages of CKD, associated with the disease progression and decline of renal function. A significant difference between the survival curves in early and advanced CKD stages was observed. The factors related to decreased survival were hyperphosphatemia, anemia, and low body condition score (BCS). No differences were found between the presence of arterial hypertension and renal proteinuria and decreased survival. Furthermore, CKD diagnosis based on the persistent finding of abnormalities in early disease markers, such as serum symmetric dimethyl arginine increase and/or renal proteinuria, and timely therapeutic management of risk factors, allowed for CKD stabilization, reducing progression to advanced stages, and favoring higher survival rates.
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INTRODUCTION

Chronic kidney disease (CKD) is considered a frequent pathology in everyday small animal practice and tends to be progressive and irreversible once parenchymal mass reduction reaches a critical limit (1, 2). It can be caused by a wide variety of pathologies and events or factors, and its severity can be determined through different clinical findings (1). In various geographical regions of Latin America, there is insufficient access to renal replacement therapies in veterinary medicine. It is also known that late CKD diagnosis is associated with poor prognosis. These facts account for enough reasons to focus all efforts on early diagnosis, favoring, along with therapeutic management implementation, the stabilization of the disease, reducing the speed of its progression, and improving the quality and survival time of patients (2, 3).

To achieve CKD diagnosis during early stages, research must be done in order to find related risk factors (RF), using information from the patient's clinical history along with concurrent disease diagnosis, since characteristic clinical signs are not common in early CKD stages (4). This diagnostic approach has been created by the International Renal Interest Society (IRIS) (5) and proposes that once patients exposed to RF are identified, a series of tests should be made in order to acknowledge the presence of kidney disease (4). Finding a maintained increase in glomerular filtration rate (GFR) markers serum concentration is compatible with the disease. Routine evaluation of GFR consists of serum creatinine concentration (sCr) determination. However, it has considerable limitations. As a result of this, novel GFR markers are being studied, such as symmetric dimethyl arginine (SDMA), which appears to be an endogenous kidney biomarker suitable as a screening test for detection of CKD when performed in conjunction with sCr determination, nevertheless, much remains to be learned about its qualities (6). After diagnosis, staging and substaging the disease enables the establishment of a more accurate prognosis and guides decision making regarding therapeutic management (4, 7). Through different tests, it is possible to identify progression RF, such as renal proteinuria and systemic hypertension, which are related to a faster rate of disease progression (8), and end-stage RF, such as hyperphosphatemia, anemia, and loss of body condition score (BCS), which are associated to increased morbidity and mortality (9–11).

Although there are numerous evidences concerning the benefit of therapeutic management of RF (8), there are still inconsistencies regarding the true risk these factors represent as well as the optimal moment for therapeutic management implementation (12–14), as a consequence of the lack of prospective studies that broadly evaluate the results of therapeutic interventions in dogs with CKD (6, 11, 15).

The objective of this work was therefore to recognize the characteristics of naturally occurring CKD progression in dogs, with the management of identified RF following IRIS recommendations.



MATERIALS AND METHODS


Dogs and Ethics Statement

Dogs that attended the Hospital Veterinario para Pequeñas Especies of the Veterinary Faculty -Universidad Autónoma del Estado de Mexico, Toluca-Mexico, for clinical consultation, were evaluated between January 2016 and January 2019. In this study, only dogs with CKD diagnosis and staging, with at least two re-evaluations and a longitudinal follow-up from the moment of diagnosis of up to a maximum of 730 days, were included (180 days for dogs in stages I or II and 60 days for dogs in stages III and IV). Due to CKD severity of some dogs in stages III and IV, no further evaluations were accomplished; they were excluded from following evaluations. Staging is explained in Section Diagnosis, Staging, and Longitudinal CKD Monitoring.

Medical management was carried out to diagnose CKD and concomitant pathologies, as well as to therapeutically manage factors involved in the aggravation of this disease, according to IRIS recommendations for that matter. No experimental interventions nor additional management generating pain or stress was performed to the studied cases, all procedures were performed following the internationally established high standards of good practice and animal welfare (16), informed consent of owners was obtained for the performance of necessary diagnostic procedures in their dogs, and the Institutional Committee for the Care and Use of Laboratory Animals of the own institution considered that all the procedures performed on the animals studied were only diagnostic and/or therapeutic in relation to their disease, not performing any intervention or experimentation procedure.



Study Design

Dogs studied were identified with RF for CKD, determined from clinical history and general physical examination (17, 18). Initially, systemic blood pressure was measured non-invasively by the oscillometric method (Vet20, SunTech Medical, NC, USA), following the protocol described by Acierno et al. (19). After an 8-h fasting period, blood samples were collected by jugular venipuncture to perform a complete blood count and an integral biochemical profile (ProCyte Cx and Catalyst One, IDEXX Laboratories, Maine, USA) with SDMA determination by liquid chromatography-mass spectroscopy (IDEXX Laboratories, Maine, USA). Urine samples were obtained by cystocentesis, and a complete urinalysis was performed, determining urinary-specific gravity (USG) with a manual refractometer. Urine samples without active sediment were used to determine the magnitude of proteinuria by the urine protein:creatinine ratio (UPC) through spectrophotometry. Urinary protein was determined by the pyrogallol red and molybdate in acidic medium reaction and urinary creatinine by Jaffe's modified reaction (BTS-350 spectrophotometer, Protein-COD 11501; Creatinine-COD 11502 BioSystems, Barcelona, Spain).


Diagnosis, Staging, and Longitudinal CKD Monitoring

Evidence of a reduction in GFR with a USG <1.030 was considered suggestive of renal disease according to IRIS criteria (20) [SDMA >14 μg/dl and/or sCr >124 μmol/L]. The reassessment of renal function was performed within 30–60 days to confirm the problem's chronicity and stability (21). Whenever renal proteinuria was detected, its reassessment was performed at a 15- to 21-day interval to confirm its persistency (22). The disease staging was performed based on IRIS proposed criteria in 2017 (20).

The therapeutic management of RF started after CKD staging and substaging (20, 22). Patients in stage I of the disease with persistent proteinuria were fed a renal therapeutic diet,1 and an ACEI or ARA was incorporated to the medical management (13, 22–24). Patients in azotemic stages received a renal therapeutic diet and a phosphate binder with food every 12 h2. Moreover, persistent renal proteinuria in these patients was managed as described above. Patients in advanced stages (III and IV) of the disease were supplemented with iron-dextran when hematocrit diminution or anemia was detected. In all cases, necessary procedures were carried out to achieve control of signs associated with uremia and its complications (antiemetics, antisecretory drugs, etc.) (8, 20), and the specific medical management for the concurrent diseases present in each clinical case.

Patients' follow-up was carried out through periodic reevaluations, performing the necessary therapeutic adjustments in all cases (8). It is worth mentioning that staging and therapeutic management criteria and recommendations were based on IRIS publications in 2016–2017 (5, 20), since these were the valid criteria available during the study period. Nevertheless, data analysis was performed using the more current staging criteria (7).



Study Times, Study Groups, and Progression Criteria

The reevaluation at which CKD diagnosis was confirmed, staging properly performed, and RF management set up, was defined as the initial time (T0). The final time (TF) corresponded to the end of the follow-up period for each case. The laboratory evaluations used in progressions analysis were carried out on average at day 180 (days 60–210), day 365 (days 335–395), day 540 (days 510–570), and day 730 (days 700–760).

Patients were assigned into four groups according to the IRIS 2019 criteria for CKD staging (7). Group 1 (G1) included patients with persistent renal proteinuria (UPC >0.2) or with a slight GFR decrease (SDMA 15–17 μg/dl). Group 2 (G2) included patients with mild azotemia (sCr 125–250 μmol/L; SDMA 18–35 μg/dl). Group 3 (G3) included patients with evidence of moderate azotemia (sCr 251–440 μmol/L; SDMA 36–54 μg/dl), and group 4 (G4) included patients with severe azotemia (sCr >440 μmol/L; SDMA ≥54 μg/dl). For data analysis, patients included in G1 and G2 were considered to be in early CDK stages, and patients included in G3 and G4 in advanced CKD stages. Increase in CKD severity in different stages of the disease or death associated with uremic syndrome was considered a progression.



Risk Factors, Progression, and Mortality Analysis

The CKD RF were analyzed (17, 18) considering age a susceptibility RF and concurrent diseases, history of anesthetic/surgical procedures, and exposure to nephrotoxic drugs as initiation RF. Renal proteinuria and systemic hypertension as progression RF, while hyperphosphatemia, anemia, hypoproteinemia, and cachexia were considered end-stage RF. Progression and mortality proportions and survival rates of the population were also analyzed.



Statistical Analysis

Statistical analysis was performed using the software package Graphpad® Prism 8.1.1 (www.graphpad.com/scientific-software/prism/ California, USA), considering interest variables age, sex, breed, SDMA, sCr, serum urea, serum phosphorus, serum calcium, serum albumin, USG, UPC, hematocrit, systolic blood pressure (SBP), and BCS. The presence of a p < 0.05 was considered statistically significant in all cases. Normality was evaluated by the Shapiro-Wilk test, and since no normality was detected, variables were presented as medians and intervals (0.025–0.975) and non-parametric tests were used. Differences in interest variables among study groups were determined using the Kruskal-Wallis test (Dunn's post hoc). Moreover, T0 and TF in early and advanced CKD stages were compared by the Wilcoxon test, and the association between variables was assessed by X2 test. For survival analysis, survival median and range (0.025–0.975) were determined. The Kaplan-Meier test was performed for each study group and interest variable, categorizing the last ones based on their cut-off points, considering in each case the established reference interval. The presence of significant differences among survival curves was analyzed by the log-rank test (Mantel-Cox), and the corresponding hazard ratios were also recorded.





RESULTS

In this study, 545 dogs that presented CKD RF were evaluated. In 162 of these cases, a persistent GFR decrease and/or renal proteinuria was identified; however, out of these, only 36 cases met all inclusion criteria. In the 36 studied cases, the median age at T0 was 10 years with an interval of 3–15 years, detecting the presence of age as a susceptibility RF in 80.6% (29/36) of the cases. Of the studied dogs, 61.1% (22/36) were male, and the rest were female. The breeds identified more frequently were miniature poodle (n = 10), chihuahua (n = 4), miniature schnauzer (n = 2), standard dachshund (n = 2), boxer (n = 2), and cross-breed (n = 2). Other breeds were represented by a single specimen (n = 14). Based on breed size, 66.7% (24/36) of the cases were classified as small, 13.9% (5/36) as medium, 16.7% (6/36) as large, and 2.78% (1/36) as giant.

The disease's initiation RF identified were inflammatory/infectious diseases, history of anesthetic/surgical procedures, heart disease, neoplasms, endocrinopathies, and exposure to nephrotoxic drugs. Periodontal disease was identified in 94.4% (34/36) of the cases, history of at least one surgical procedure in 69.4% (26/36), osteoarthritis in 38.9% (14/36), degenerative valvular disease in 30.6% (11/36), neoplasms, such as carcinomas and sarcomas, in 30.6% (11/36), infectious diseases, such as chronic leptospirosis and ehrlichiosis, in 19.4% (7/36), endocrine diseases, such as hyperadrenocorticism, hypothyroidism, and diabetes mellitus, in 16.7% (6/36), pyometra in 13.9% (5/36), chronic dermatitis in 13.9% (5/36), exposure to nephrotoxic drugs in 13.9% (5/36), and renal amyloidosis in one case.

Chronic kidney disease progression was identified in 47.2% (17/36) of the cases, being more evident in advanced stages [p = 0.0155]. In cases that progressed to more advanced stages, the concurrent diseases identified were heart disease in 54.5% (6/11), neoplasms in 18.2% (2/11), severe chronic proteinuria in 9.1% (1/11), chronic leptospirosis in 9.1% (1/11), and renal amyloidosis in 9.1% (1/11). It should be noted that in patients in G3 and G4 that died due to CKD severity, active concurrent diseases were not identified.

The overall population survival was 44.4% (16/36), being mortality attributed in these cases to different concomitant pathologies and complications derived from CKD's severity, mainly in advanced CDK stages. Specific mortality associated with CKD was 19.4% (7/36), and proportional mortality was 35.0% (7/20). When comparing survival time between early and advanced CKD stages, a significant difference was observed between the survival curves [p < 0.0001] (Figure 1). Median survival in early CKD stages was 730 days, with an interval of 150–730 days, and 127 days, with an interval of 60–322 days, in advanced CKD stages.
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FIGURE 1. Survival analysis at different stages of CKD determined by the Kaplan-Meier test. A highly significant difference was observed between the survival curves of patients in early stages -G1 and G2-, G3, and G4 (p < 0.0001).


Based on laboratory test results at T0, 77.8% (28/36) of the cases were classified in early CKD stages and 22.2% (8/36) in advanced CKD stages. The 55.6% (20/36) of the studied dogs were classified in G1, and during the follow-up period, 35.0% (7/20) evidenced progression to G2, of which 85.7% (6/7) progressed by day 180 and 14.3% (1/7) by day 360. Furthermore, 55% (11/20) of the cases in this group survived until the last evaluation on day 730. The overall mortality rate of G1 was 45.0% (9/20), and the median survival time was 355 days. Causes of death in this group were associated with the different concurrent diseases present at that time, impeding linking CKD as death cause in any of these cases. G2 included 22.2% (8/36) of the cases studied, and during the follow-up period, 37.5% (3/8) evidenced progression to G3, of which 66.7% (2/3) progressed at day 180 and 33.3% at day 360. Furthermore, 62.5% (5/8) of the cases in this group survived until the last evaluation at day 730. The overall mortality of this group was 37.5% (3/8), and the median survival time of the deceased was 289 days. Deaths were associated to concurrent diseases present in all cases. The 8.3% (3/36) of the dogs was classified in G3, and CKD progression was observed in 66.7% (2/3) of the cases. The median survival period of this group was 139 days, with an interval of 73–341 days. Overall mortality in G3 was 100%, with a specific mortality of 66.7% (2/3). Of all the cases, 13.9% (5/36) were classified in G4, all of which manifested disease progression (death associated with uremic syndrome); therefore, specific mortality was 100% (5/5). The median survival time was 114 days, with a range of 60–182 days.

To analyze progression and end-stage RF, the behavior of the different variables in each study groups at T0 was studied (Table 1). A significant difference was observed in GFR markers (SDMA and sCr) between G1 vs. G2, G3, and G4 [p < 0.0001]. Concurrently, serum urea showed a significant difference between G1 and G4 [p = 0.0003]. For serum phosphorus, differences were noted between G1 and G4 and between G2 and G4 [p = 0.0037], observing a tendency toward its increase as CKD severity worsened. It is worth mentioning that cases with overt hyperphosphatemia were observed in all groups, being this event more frequent in G3 and G4. The USG showed differences between G1 and G4 [p = 0.0090] and a tendency toward its decrease as CKD severity increased. Moreover, 75.0% (15/20) of the cases in G1 presented only renal proteinuria as inclusion criteria, out of which 46.7% (7/15) showed marked hypersthenuria (USG >1.030). The hematocrit showed significant differences between G1 and G4 and between G2 and G4 [p = 0.0016], with a tendency toward its decrease as CKD severity increased. Hematocrit medians in G3 and G4 were below the reference interval (0.37–0.55 L/L). The BCS also showed a significant difference among groups [p = 0.0378], tending to decrease as the severity of the CKD increased.


Table 1. Variables of interest related to progression and end-stage risk factors (RF), represented for each study group at the time of diagnosis (T0), and the comparison between these by the Kruskal-Wallis test.
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While searching for differences among T0 and TF regarding interest variables, a statistically significant difference was observed for cases in early CKD stages concerning SDMA's concentration [p = 0.0158], showing with a tendency toward its increase as CKD severity increased. Moreover, the hematocrit showed a significant decrease among study times [p = 0.0093], evidencing a slight variation on its medians while being at both times within the reference interval. Other progression and end-stage RF analyzed, such as renal proteinuria, systemic hypertension, hyperphosphatemia, hypoalbuminemia and low BCS, did not show significant differences among the referred study times. It is noteworthy that serum phosphorus, albumin, and BCS medians remained within the reference interval in these cases. For patients in advanced CKD stages, when comparing variables at T0 and TF, a statistically significant difference was observed for the hematocrit [p = 0.0391], evidencing a significant decrease over time and anemia-compatible medians at both times. The values of SDMA, sCr, serum urea, phosphorus, albumin, UPC, SBP, and BCS showed no significant differences between study times (Table 2).


Table 2. Comparison between interest variables at initial time (T0) and final time (TF) for patients with early CKD stages -G1 and G2- and advanced CKD stages -G3 and G4-, by Wilcoxon test.
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When analyzing the relationship between the presence of progression and end-stage RF identified at T0 and survival time, we noticed that an increase in serum SDMA concentration, hyperphosphatemia, anemia, and low BCS-conditioned survival (Figure 2). It was observed that patients with serum SDMA levels above the reference interval had 3.5 times higher death risk than those with SDMA below the cutting point. However, increased sCr levels were not statistically related to survival in these patients [p = 0.0211]. Cases in which hyperphosphatemia was noticed had 3.3 times higher death risk compared with normophosphatemic dogs. As for anemic patients, they had 8.5 times higher death risk than non-anemic patients. Additionally, patients with low BCS had 2.7 times higher death risk than those who had normal BCS. It is worth mentioning that in the studied population, no statistically significant difference was observed among survival curves for RF such as systemic hypertension and renal proteinuria (Table 3).


[image: Figure 2]
FIGURE 2. Kaplan-Meier survival curves were determined for each risk factor associated interest variable, using specific cut-off point for each. (A) Increased symmetric dimethylarginine, cut-off point 14 μg/dl; (B) increased serum creatinine, cut-off point 124 μmol/L; (C) hyperphosphatemia, cut-off point for serum phosphorus concentration was 1.5 mmol/L for G1 and G2, 1.6 mmol/L for G3, and 1.9 mmol/L for G4 (all values above the upper value of the interval were considered compatible with hyperphosphatemia); (D) urine protein:creatinine ratio, cut-off point 0.5; (E) hematocrit, cut-off point 0.37 L/L; (F) systolic blood pressure, cut-off point 140 mm Hg; (G) body condition score, cut-off point 4.



Table 3. Hazard ratios for analyzed variables classified based on cut-off values determined at T0.
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At inclusion time and during the course of the study, patients were staged and therapeutically managed according to the IRIS guidelines criteria proposed in 2016–2017 (5, 18), as these were in force at the time the study took place. The recent update on IRIS criteria in 2019 has certain differences with the previous criteria, allowing a comparison between them. Henceforth, it was observed that at T0 86.1% (31/36) of the cases studied revealed a coincidence in CKD staging with the use of both criteria. However, when analyzing the coincidence in staging within each CKD stage, lower percentages of coincidence were observed, showing a greater discrepancy in stages II (50%) and III (25%) (Table 4). When analyzing the progression of the disease with the use of both criteria, 47.2% (17/36) of progression was evidenced with IRIS 2019 staging criteria, while 38.9% (14/36) was identified with the use of IRIS 2017 staging criteria, evidencing an 8.3% discrepancy between the current and past criteria.


Table 4. Frequency of cases classified in each CKD stage according with IRIS 2017 and 2019 staging criteria and the percentage of coincidence between the two classifications.
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DISCUSSION

Chronic kidney disease was progressive and tended to lead to death in advanced stages. However, its early detection enabled to achieve stability when RF were efficiently managed. Considering susceptibility RF, a median age of 10 years was observed in the studied population, likewise what other authors have reported (11, 15, 25). No sex or breed predisposition was observed (2, 26). The frequency of breeds identified was simply related to the preferences of owners of the area where this study was conducted. Small breeds were the most frequently observed ones, as other reports mention. However, an association between these factors has not yet been described (25, 27). Concurrent diseases identified as initiation RF matched with those reported by other authors, including periodontal disease, heart disease, neoplasms, pyometra, diabetes mellitus, and leptospirosis (2, 27, 28). The most frequently observed pathologies in the studied population were inflammatory/infectious diseases, evidencing the presence of two or more of these pathologic processes in 66.7% of the cases simultaneously.

The general and specific mortality observed in this study was lower than reports published by other authors (2, 15, 28). These may be related to the large proportion of pre-azotemic patients included in this study, opposed to other publications which analyzed only azotemic patients, that tend to be more likely to die (2, 11, 15). The high specific mortality noticed in patients in advanced CKD stages was related to the presence of end-stage RF, such as anemia, together with other organic alterations associated with uremic toxin accumulation (8, 29). Survival of patients who died secondary to CKD severity was similar to what was described by Fiocchi et al. (30). Nevertheless, longer survival times have been described in CKD patients (2). This discrepancy can be associated with the fact that in this study, specific mortality was only represented by patients in CKD stages III and IV, which tend to have a shorter survival related to the disease severity, according to what other authors have reported (2, 11, 15). In addition, survival time in advanced CKD stages (59–702 days range) matched with that previously described by Polzin (1).

When analyzing the behavior of interest variables among CKD stages at the time of diagnosis, it was noticed that GFR markers (SDMA, sCr, and serum urea) exhibited differences between early and advanced CKD stages, associated with the different degree of renal function decline present in each CKD stage and its relationship to various grades of uremic toxin accumulation (31). Concerning serum phosphorus concentration, a significant difference was noticed between patients in early CKD stages and CKD stage IV, evidencing its increment as CKD severity worsened. This was associated with the described dependence between phosphorus excretion capability and renal function, observing hyperphosphatemia's enhancement as GFR decreased (9). It should be noted that evidences of hyperphosphatemia were present in all CKD stages, mainly in advanced ones, in line with other literature (9, 32). Moreover, hyperphosphatemia was detected in cases included in stage I of CKD, which coincides with what was reported by Cortadellas et al. (12) and Foster (33) regarding the possibility of secondary renal hyperparathyroidism being present since early stages of CKD, developing before the onset of azotemia and even before hyperphosphatemia becomes evident. Therefore, according to Cortadellas et al. (12), starting with this RF's therapeutic management from early CKD stages should be considered, seeking to maintain serum phosphorus concentrations within the reference interval for each CKD stage, still more studies that fully evaluate changes in phosphate homeostasis are required (6).

Regarding USG, a significant difference was observed between cases in CKD stage I and advanced stages. Moreover, marked hypersthenuria (USG >1.030) was noticed in half of the cases classified in stage I (7/15), associated with the fact that in early CKD stages, the ability to concentrate urine can still be preserved (6, 21). Concerning the hematocrit, marked anemia was evidenced mainly in advanced CKD stages, in accordance with previous reports (15, 30). This finding was associated with the fact that increased CKD severity relates to a greater number of factors that favor the development of anemia. These factors involve erythropoietin production decrement due to the loss of functional renal parenchyma, erythrocyte half-life reduction secondary to uremia and hyperphosphatemia, blood losses secondary to uremic gastroenteritis, and iron deficiency associated with blood losses and malnutrition secondary to hyporexia or anorexia (8, 10), enhancing the aggravation of anemia. Furthermore, in advanced CKD stages, several patients presented low BCS and cachexia, related to the frequent presence of hyporexia or anorexia, gastroenteritis secondary to uremic toxins retention, dehydration, and biochemical abnormalities, such as metabolic acidosis, all of which favor BCS loss (8). The characteristic proinflammatory state present in CKD should be considered to play an important role in the development of hyporexia or anorexia and cachexia (34–36), considering likewise sarcopenia as a cause of decreased BCS in these patients (35).


Risk Factors Involved in CKD Progression

Concurrent diseases considered CKD initiation RF identified in patients that showed progression, evidenced different pathophysiological mechanisms related to renal injury generation and damage progression (37–40). During early CKD stages, serum SDMA concentration was the only analyte which displayed differences among studied. The variation observed was associated with the disease progression evidenced in 35.7% (10/28) of the patients in these stages (31). Although the GFR markers used in this study have the same limitation to detect early changes in the decrease in GFR since they have a proportional relationship with it (6), SDMA seemed to be able to detect changes in GFR compatible with early renal function decline (41), and when assessing the evolution of its serum concentration over time. Identifying increases in this analyte could be a good indicator to start nephroprotective therapy as soon as possible, such as renal diet intervention (13).

Moreover, although a slight difference was evidenced in the hematocrit as time passed in early CKD stages, this finding was not considered clinically relevant. It should be mentioned that in these patients, the presence of concurrent diseases, such as advanced cardiopathies and/or chronic inflammatory diseases, could have affected erythropoiesis secondary to erythropoietin resistance caused by systemic chronic inflammation (34, 42). In advanced CKD stages, the only associated CKD RF that presented differences among study times was the hematocrit. Not only was the presence of anemia exhibited but also the worsening of this condition in more than half of these patients, i.e., 62.5% (5/8). It should be noted that despite carrying out therapeutic management to control anemia and factors involved in its development, such as hyperphosphatemia, uremic gastroenteritis, caloric-protein malnutrition, and systemic inflammatory conditions (43), such control was not achieved. Therefore, it can be inferred that during advanced CKD stages, therapeutic interventions concerning anemia management may prove to be inefficient.



Risk Factors Associated With Survival in CKD

In this study, increased serum SDMA was associated with a decreased survival time, since the increase in its serum concentration correlates well with GFR decline (44), which in turn relates to increased death risk associated with CKD severity (2, 11, 15). Furthermore, SDMA is also a guanidine with uremic toxin potential and can generate cellular damage (45). It has been described that SDMA favors nitric oxide production decrement, stimulating reactive oxygen species production and a proinflammatory effect (46). The presence of hyperphosphatemia was also related to a decreased survival time, in line with what other authors have reported (15). This is attributable to the clinical complications that it entails, such as renal secondary hyperparathyroidism development and its consequences, i.e., renal osteodystrophy, tissue mineralization (33), and aggravation of anemia (10, 47). Furthermore, the presence of anemia was also associated with a decreased survival time (8, 48). This can be related to the harmful effects that arise from the decreased tissue oxygen supply and oxidative stress that occurs secondarily to anemia (8, 49). Moreover, low BCS was associated with decreased survival time, in line with what other authors have reported (11), and could be associated with the inflammatory, catabolic, and oxidative state that occurs secondarily to cachexic states (35), all related to a lower survival time (34).



Comparison Between IRIS 2017 and 2019 Criteria for CKD Staging

A discrepancy in patients' distribution throughout the different CKD stages between IRIS criteria published in 2017 and 2019 (7, 20), mainly between CKD stages II and III, was noted. In addition, a slight increase in the disease progression (8.3%) was evidenced with the use of IRIS 2019 criteria, associated with the broadening of SDMA and sCr reference intervals, especially in stage II CKD cases. It is worth mentioning that the variation in the disease staging, generated by both criteria, did not involve relevant changes in therapeutic management prescribed for the patients studied.

In this study, CKD progression and advanced stages of the disease were found to be associated to increased severity of outcomes. The CKD diagnosis based on the persistent finding of abnormalities in disease early markers, such as SDMA and/or renal proteinuria, and timely therapeutic management of RF allowed for CKD stabilization, reducing progression to advanced stages, and favoring higher survival rates.
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ABBREVIATIONS

BCS, body condition score; G1, G2, G3, G4, groups 1, 2, 3, and 4; GFR, glomerular filtration rate; IRIS, International Renal Interest Society; RF, risk factor; SBP, systolic blood pressure; sCr, serum creatinine; SDMA, symmetric dimethyl arginine; T0, initial time; TF, final time; UPC, urine protein:creatinine ratio; USG, urinary specific gravity.



FOOTNOTES

1Renal therapeutic diet prescribed in the studied patients: Hill's™ Prescription Diet™ k/d™ canine (n = 13), Royal Canin Veterinary Diet® Renal Support™ canine (n = 18), and Purina Pro Plan Veterinary Diet NF Kidney Function Canine Formula (n = 5). During the course of the study some shifts among commercial brands were made because of patients' preferences and availability of the product.

2Ipakitine www.vetoquinolmx.com/content/ipakitine®-7090-001.
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Variables are expressed as medians and intervals (0.025-0.975).
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*p < 0.05, statistically significant differences based on the Kruskal-Walls test.
The presence of different literals (a, b) indicates statistically significant differences between the groups in Dunn’s post hoc analysis (p < 0.05).
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BCS, body condition score; SBR, systolic blood pressure; sCr; serum creatinine; SDMA, symmetric dimethylarginine; sPhos, serum phosphorus; sCa, serum calcium; sAlb, serum
albumin; UPC, urine protein:creatinine ratio; USG, urinary specific gravity.
Veriables are expressed as medians and intervas (0.025-0.975).

CIntervals for serum phosphorus were in accordance to the CKD stage based on IRIS 2019 criteria.

*p < 0.05, statistically significant differences based on the Wilcoxon test.
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