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Background: Renal Salt Wasting Syndrome (RSW) is a clinical syndrome with laboratory characteristics completely overlapping with the syndrome of inappropriate antidiuretic hormone secretion (SIADH). No studies have yet investigated the potential role of urodilatin as a diagnostic marker or its involvement in the pathogenesis of RSW.Methods: We performed a retrospective observational case-control study, the patients were divided into 3 groups: a group of hyponatremic patients with RSW (cases) and two control groups (subjects without hyponatremia and subjects with hyponatremia from other causes). Main outcomes were assessing the differences in urinary urodilatin values in patients with RSW compared to both control groups and to evaluate the diagnostic power of urodilatin with the analysis of ROC curves.Results: Patients with RSW display significantly higher mean urodilatin levels than both patients with (median 5.46 vs. 0.57 ng/mL, p = 0.006) or without hyponatremia (median 5.46 vs. 0.27 ng/mL, p < 0.001). Diagnostics performances of mean urodilatin levels for RSW diagnosis were evaluated by ROC curve, AUC was 0.94 (95%CI 0.86–1.00).Conclusion: This case-control study has shown interesting results regarding the dosage of urinary urodilatin in patients with RSW, with potentially clarifying implications both regarding the pathogenesis of this syndrome and regarding the diagnosis and therefore the clinical management of patients.Keywords: renal salt wasting syndrome, urodilatin, ANP, natriuretic peptide, hyponatremia
INTRODUCTION
Renal Salt Wasting Syndrome (RSW) is a clinical syndrome with laboratory characteristics completely overlapping with the syndrome of inappropriate antidiuretic hormone secretion (SIADH) such as hyponatremia, normal adrenal, thyroid and renal function, concentrated urine with urinary sodium (Una) usually>30 mEq/L and hypouricemia (Maesaka et al., 2020; Assadi and Mazaheri, 2020; Bitew et al., 2009; Schwartz et al., 1957). The fundamental difference between the two syndromes lies in the extracellular volume (ECV) and therefore in the water balance. In fact, in the RSW we will have a reduction of the ECV due to a renal loss of water and sodium with negative water balance, while in the SIADH we will have a normal or slightly increased ECV with a balance substantially in equilibrium (Maesaka et al., 2020; Assadi and Mazaheri, 2020; Bitew et al., 2009; Schwartz et al., 1957). Consequently we will have the diametrically opposite therapeutic goals of water-restricting patients with SIADH or administering salt and water to patients with RSW (Maesaka et al., 2020; Assadi and Mazaheri, 2020; Bitew et al., 2009; Schwartz et al., 1957). Differentiating extracellular volume (ECV) status in clinical practice is challenging, complicating the differential diagnosis of the two syndromes. Furthermore, in SIADH a precise pathogenetic mechanism has been identified together with its protagonist (antidiuretic hormone, ADH) (Schwartz et al., 1957). This has not yet happened for RSW, contributing not only to making diagnosis difficult but also to feed a certain skepticism towards the very existence of the syndrome by some authors (Maesaka et al., 1999; Oh and Carroll, 1999; Singh et al., 2002; Peters et al., 1950).
Clarifying the pathogenesis of RSW is crucial for establishing it as a recognized cause of hyponatremia, dispelling skepticism, and facilitating diagnosis.
As regards the pathogenetic mechanisms so far called to explain RSW, we can recall an alteration of the renal sympathetic afferents and the involvement of natriuretic peptides (NPs) such as the Atrial natriuretic peptide (ANP) (Cerdà-Esteve et al., 2008; Fukuoka et al., 2017; Bitew et al., 2009; Maesaka et al., 2007; Maesaka et al., 2009; Oh and Shin, 2015; Youmans et al., 2013; Della Corte et al., 2018; DiBona, 2000).
Urodilatin
Urodilatin (URO) is a 32-amino acid peptide belonging to the family of natriuretic peptides first isolated from human urine in 1988 by Forssmann and colleagues. It comprises the amino acid sequence 95–126 of cardiac proANP and shares an identical structure with the circulating 28-amino acid human atrial natriuretic peptide (ANP), except for the addition of four amino acids (Thr-Ala-Pro-Arg) at the NH2 terminus (Potter et al., 2009; Lisy et al., 1999; Hirsch et al., 2006; Forte, 2004; Costa et al., 2009; Zhang et al., 2010; Askar and Tarif, 2007; Leonard et al., 2015; Berendes et al., 1997; Kurokawa et al., 1996; Tsubokawa et al., 2003; McGirt et al., 2004; Tomida et al., 1998; Gao et al., 2006; Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023).
Urodilatin (URO) is detectable in human urine but not in plasma, suggesting that it is synthesized and secreted exclusively by the kidneys. It is likely produced in the distal cortical nephron and secreted into the lumen of the kidney tubules, where it exerts paracrine effects. Like atrial natriuretic peptide (ANP), URO binds to natriuretic peptide type A receptors in the inner medullary collecting duct, triggering an increase in intracellular cyclic guanosine monophosphate (cGMP) levels and promoting renal sodium and water excretion (Potter et al., 2009; Lisy et al., 1999; Hirsch et al., 2006; Forte, 2004; Costa et al., 2009; Zhang et al., 2010; Askar and Tarif, 2007; Leonard et al., 2015; Berendes et al., 1997; Kurokawa et al., 1996; Tsubokawa et al., 2003; McGirt et al., 2004; Tomida et al., 1998; Gao et al., 2006; Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023).
After the isolation of the urodilatin natriuretic peptide from human urine, more and more data have been generated supporting the view that in fact not ANP but urodilatin appears to be the natriuretic peptide responsible for renal manipulation of sodium (Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023; Drummer et al., 1993; Herten et al., 1998; Zaid et al., 2007; Anker et al., 2015; Emmeluth et al., 1992; Meyer et al., 1996; Lenz et al., 1999; Forssmann et al., 1998; Maesaka et al., 2021). On the contrary, due to the rapid secretion of ANP as a response to some cardiovascular stimuli and due to numerous effects on the cardiovascular system, it seems reasonable to postulate that the primary target of ANP is the cardiovascular system and not the kidney (Hirsch et al., 2006; Goetz et al., 1990; Della Corte et al., 2023).
Unlike ANP, which is rapidly degraded and inactivated in the kidney by a metalloendoprotease derived from the renal cortex membrane, URO remains active, suggesting that its primary physiological target is the intrarenal ANP-receptor/guanylate cyclase system rather than systemic ANP. However, the mechanisms regulating URO production and excretion are not yet fully understood (Tomida et al., 1998; Gao et al., 2006; Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023).
Studies indicate that renal perfusion pressure, left atrial distension, and cephalic sodium concentration influence URO excretion. Heringlake and colleagues demonstrated that changes in arterial and renal perfusion pressure affect URO release, with experiments in isolated perfused rat kidneys confirming that renal blood flow and pressure are key determinants. Additionally, left atrial elongation has been shown to stimulate URO excretion (Tomida et al., 1998; Gao et al., 2006; Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023).
In conscious dogs, Goetz and colleagues observed that sodium excretion correlated more closely with urinary URO than with plasma ANP, and this effect was abolished in heart-denervated dogs, suggesting a neuronal connection between the heart and kidneys. Further studies using the split infusion technique showed that hypertonic saline infusion into the carotid artery increased URO and sodium excretion, indicating a possible link between cephalic sodium chemoreceptors and renal URO secretion. However, the effect persisted even in denervated kidneys, implying the involvement of an additional humoral factor that transmits brain sodium levels to the kidneys (Tomida et al., 1998; Gao et al., 2006; Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023).
Moreover, URO secretion has been associated with immersion in water in humans, possibly mediated by the renal sympathetic nervous system or dopaminergic nerves. Taken together, these findings suggest that multiple factors regulate URO release, including left atrial distension, sodium concentration, renal perfusion pressure, and neural or hormonal pathways. While the exact initial stimulus remains unclear, extracellular sodium levels appear to play a central role in this regulatory process (Tomida et al., 1998; Gao et al., 2006; Goetz et al., 1990; Drummer et al., 1996; Della Corte et al., 2023).
The kidney seems to have a central role in RSW and no studies have yet been done on the only natriuretic peptide produced in the kidney and with action on the same organ, the urodilatin. Based on the above, we conducted this case-control study to determine the differences in urinary urodilatin levels in patients with RSW (cases) compared to controls and the possible diagnostic power of urodilatin.
MATERIALS AND METHODS
Study population
We performed a retrospective observational case-control study at the University hospital “P. Giaccone” of Palermo. We enrolled patients admitted to the Internal Medicine and Stroke Care ward of this hospital.
The patients recruited were divided into 3 groups including a case group and two control groups based on blood sodium values (hyponatraemia was defined as blood sodium values < 135 mEq/L):
• a group of patients without hyponatremia (controls)
• a group of hyponatremic patients with RSW (cases)
• a group of patients with hyponatremia from other causes (controls)
We divided the population this way to verify that differences in urinary urodilatin levels depend on the cause of hyponatremia rather than on reduced plasma sodium levels. The Institutional Ethics Committee of “P. Giaccone” University Hospital approved the study protocol. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Diagnostic criteria of RSW and patient recruitment
Diagnosis of RSW was made when all the criteria in Table 1 were met. In particular, only patients with polyuria (defined as urine output> 30 mL/kg/day) (Borgmann et al., 2014) not explainable with causes other than RSW (see Table 2) in association with a clearly negative water balance (output - input> 500 mL/day) and a reduction of ECV were included in the RSW group. Selecting this patient population ensured a more accurate diagnosis of RSW. Indeed, since the main diagnostic problem is that of the differential diagnosis with SIADH, these criteria have allowed us to exclude patients with SIADH with reasonable accuracy, who cannot by definition have (given the intrinsic function of ADH which is precisely an antidiuretic hormone) polyuria in the absence of the common causes listed in Table 2. (Schwartz et al., 1957). The assessment of the water balance and the ECV were performed according to the common methods of clinical practice.
TABLE 1 | RSW diagnostic criteria.
[image: Table 1]TABLE 2 | Causes of polyuria other than RSW.
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Routine clinical chemistry parameters were measured for each patient at the hospital admission immediately after sample collection. Urodilatin was evaluated on urine samples collected at 6 a.m. and 2 p.m. in the first 24 h of hospital admission and stored at −80°C until analysis. pro-ANP was assessed on plasma obtained by centrifugation of whole blood sample collected in K3-EDTA tubes upon admission and stored at −80°C until analysis. Serum and urinary biochemical parameters, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, serum creatinine (sCR), uric acid, glucose, TSH, albumin, cortisol, sodium and potassium, were measured on Cobas® 8000's (Roche, Basel, Switzerland), according to the manufacturer’s procedures. The glomerular filtration rate (GFR) was estimated by was calculated using the Chronic Kidney Disease EPIdemiology collaboration (CKD-EPI) equation expressed for the specified race, gender, and sCR in mg/dL (Levey and Stevens, 2010). Urodilatin and pro-ANP levels were measured by commercially available enzyme linked immunosorbent assay (ELISA) kits, according to the manufacturer’s instructions (BMA Biomedicals, Switzerland and Biomedica Medizinprodukte GmbH, respectively). Hematological tests, including hematocrit, were performed on Sysmex XN-9000 hematology analyzer (Sysmex Corporation, Kobe, Japan). All routine biochemical analyses were performed at the Department of Laboratory Medicine-University Hospital “P. Giaccone” of Palermo, and the measurement of urodilatin and pro-ANP was performed at the Institute of Clinical Biochemistry, Clinical Molecular Medicine and Clinical Laboratory Medicine- University Hospital “P. Giaccone” of Palermo.
Statistical analysis
Statistical analyses were performed by SPSS statistical software v.17.0 (SPSS Inc., Chicago, IL, United States) and R Language v.4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). Normality distribution was assessed preliminarily by q-q plot and Shapiro–Wilk test. Quantitative variables were expressed by the median and interquartile range (IQR), while qualitative variables by absolute or relative frequency. Differences between groups for continuous variables were estimated by Kruskal–Wallis (>2groups) or Mann-Whitney test (2 groups) with Bonferroni’s correction when needed. Differences between paired groups were studied by nonparametric Wilcoxon Signed Ranks Test. The Correlation was evaluated by the nonparametric Spearman test. Diagnostic accuracy for RSW diagnosis was evaluated by Receiver Operating Characteristic (ROC) curve analysis and reported as Area Under the Curve (AUC) and 95% confidence interval calculated by the DeLong method. The Best cut-off was evaluated by the Youden’s index.
RESULTS
Thirty-nine subjects were studied. They were sub-grouped, according to previous clinical diagnosis or sodium levels, into patients with Renal Salt Wasting (RSW) syndrome (n = 6 patients with diagnosis made when all the criteria in Table 1 were met), patients with hyponatremia (n = 17 patients with blood sodium values < 135 mEq/L) and patients without hyponatremia (n = 16 patients with blood sodium values ≥ 135 mEq/L). Demographic, clinical and biochemical characteristics of the study population are shown in Table 3. In our study, 23 patients with hyponatremia were recruited. Of these, 6 patients met the diagnostic criteria of RSW, 2 had SIADH, 5 had hyponatraemia related to renal insufficiency (GFR <45 mL/min), 1 case of hypothyroidism, 7 cases of drug-related hyponatremia (use of diuretics predominantly). About the 6 patients with RSW, 3 had intracranial disease (2 with ischemic stroke and 1 with lung cancer brain metastases). The other 3, on the other hand, did not have intracranial pathologies and were hospitalized for the following reasons: 1 case of pneumonia, 1 case of respiratory failure in a patient with lung cancer and 1 case of alterations in consciousness due to hyponatremia. As urodilatin levels measured at 6 a.m. and 2 p.m. were not significantly different (p = 0.05), their mean value was used for subsequent analyses. Interestingly, mean levels of urodilatin were significantly different among the 3 subgroups (overall KW test p = 0.003) (Figure 1). Moreover, taking into account the Bonferroni’s correction, patients with RSW display significantly higher mean urodilatin levels than both patients with (median 5.46 vs. 0.57 ng/mL, p = 0.006) or without hyponatremia (median 5.46 vs. 0.27 ng/mL, p < 0.001) (Figure 1). Statistically significant higher mean levels of urodilatin were also observed when patients with RSW were compared with the other two groups of patients considered together (5.46 vs. 0.32 ng/mL, MW test p < 0.001). Conversely, proANP levels were not statistically different among the 3 subgroups (overall KS test p = 0.266) or between patients with RSW and patients with/without hyponatremia (4.9 vs. 9.7 nM, MW test p = 0.122). In the whole sample investigated, no association was evident between proANP and mean urodilatin levels (Speaman’s rho = 0.059, p = 0.739). However, few correlations were found to be statistically significant when the analysis was performed within subgroups. In particular, in RSW patients proANP was highly inversely correlated with 24 h urine output (rho = −0.975, p = 0.005). Diagnostics performances of mean urodilatin levels for RSW diagnosis were evaluated by ROC curve (Figure 2). Area under the curve (AUC) was 0.94 (95%CI 0.86–1.00). Best cut-off for mean urodilatin levels, according to Youden’s index, was 2.87 ng/mL. At this cut-off sensitivity, specificity, positive predictive value and negative predictive value were, respectively, 1.00, 0.88, 0.60 and 1.00.
TABLE 3 | Demographic and clinical characteristics of patients in the study, stratified by RSW status and presence of hyponatremia. Data are presented as median (IQR) or frequency (%). Comparisons between groups were performed using the Kruskal–Wallis test (continuous variables) or Chi-square test (categorical variables).
[image: Table 3][image: Figure 1]FIGURE 1 | Boxplots comparing mean urinary urodilatin levels among patients with RSW, hyponatremia from other causes, and controls without hyponatremia. RSW patients show significantly higher urodilatin levels (p < 0.001).
[image: Figure 2]FIGURE 2 | Receiver Operating Characteristic (ROC) curve for urinary urodilatin levels in diagnosing RSW. The AUC is 0.94, indicating excellent diagnostic performance. The optimal cutoff value of 2.87 ng/mL provides 100% sensitivity and 88% specificity.
DISCUSSION
This is the first study in the literature, to the best of our knowledge, in which urinary urodilatin levels were measured in patients with RSW. On a preliminary basis, we can note how this study confirms the data that has already emerged from the literature which maintains that RSW is a cause of hyponatremia even more common than SIADH (we recruited 23 patients with hyponatremia, of which 6 patients met the diagnostic criteria of RSW and 2 had a SIADH). (Maesaka et al., 2018; Musch and Decaux, 2019). We also observed how patients with RSW display significantly higher mean urodilatin levels than both patients with (median 5.46 vs. 0.57 ng/mL, p = 0.006) or without hyponatremia (median 5.46 vs. 0.27 ng/mL, p < 0.001) (Figure 1). Statistically significant higher mean levels of urodilatin were also observed when patients with RSW were compared with the other two groups of patients considered together (5.46 vs. 0.32 ng/mL, MW test p < 0.001). This suggests a possible role of urodilatin in the pathogenesis of RSW. Indeed the statistically significant increase in the levels of this molecule in patients with RSW was found not only against the subjects without hyponatremia, but also against the subjects with hyponatremia from other causes. This data leads us to believe that the increase in urinary urodilatin levels is quite peculiar to subjects with RSW, and that this could be the cause of hyponatremia in these subjects, while several other mechanisms are involved in the genesis of hyponatremia from causes other than RSW. The potential role of urodilatin in RSW is supported by the lack of significant differences in proANP levels across the three groups (overall KS test p = 0.266) or between RSW patients and controls with or without hyponatremia (4.9 vs. 9.7 nM, MW test p = 0.122). Therefore, as other studies in the literature have shown, circulating natriuretic peptides such as ANP do not seem to play a role in this syndrome (Cerdà-Esteve et al., 2008). Another data supporting this issue highlighted in this study is that, in the group of patients with RSW, the levels of proANP are inversely related to the urinary output of 24 h (rho = −0.975, p = 0.005). This suggests that the main cause of massive diuresis in these patients is urodilatin, while the circulating ANP levels are instead reduced due to a probable negative feedback mechanism put in place to try to contain the renal loss of water and sodium in these patients. This consideration is also supported by the work of Youmans et al. who found in vitro natriuretic activity in urine of neurosurgical patients with RSW (Youmans et al., 2013). The main diagnostic challenge of RSW lies in the distinction between RSW and SIADH. In this regard, the gold standard for the determination of the extracellular volume is represented by the dilution methods with radioisotopes (e.g., techniques using red blood cells labeled with radiochromate or albumin labeled with radioiodine) as they are reliable and highly reproducible (Recommended methods for measurement of, 1980; Nelson et al., 1981; Wijdicks et al., 1985; Sivakumar et al., 1994). However, these methods are of little use in clinical practice as they do not give immediate results, are rather complex to perform and have a high cost. An alternative method for the distinction between RSW and SIADH has recently been proposed, represented by the dosage of the excreted fraction of urate (Fractional Excretion urate, FEurate) (Assadi and Mazaheri, 2020; Musch and Decaux, 2019; Maesaka et al., 2014). Maesaka et al. observed that both in SIADH and RSW we will find a high FEurate (>11%). With the correction of blood sodium, the FEurate will tend to normalize in the SIADH (4%–11%) while it will remain >11% in the RSW.51 However, this method may not be easy to apply in clinical practice. In fact, the need to calculate the FEurate after correction of natremia values can collide with the difficulties of clinical management of acutely ill patients. It can be difficult to bring natremia back to the normal range in good time, and it may be necessary for various reasons to introduce drugs into therapy that could interfere with urate excretion and therefore with the calculation of FEurate. Furthermore, this method has not been validated by other authors. For these reasons it was not used in the present study. The above mentioned important difference in urinary urodilatin levels could be very useful in the diagnostic setting and can help overcome the diagnostic approaches used up to now. The analysis of the ROC curves (Figure 2) showed an area under the curve (AUC) of 0.94 (95% CI 0.86–1.00), with the best cut-off as a urodilatin value of 2.87 ng/mL. This value corresponds to a sensitivity of 1.00, specificity of 0.88, positive predictive value of 0.60 and negative of 1.00. These data suggest a strong diagnostic power of urodilatin and, if confirmed by further studies, it could be a breakthrough in clinical management and research concerning RSW. It would be the first finding of a diagnostic marker that would greatly facilitate not only the differential diagnosis with SIADH, but the recognition of RSW in general. In fact, as we have seen, the statistically significant increase of urinary urodilatin levels in patients with RSW was found not only against patients without hyponatremia, but also against those with hyponatremia from other causes. This confers a particular sensitivity of the urodilatin towards RSW diagnosis. A diagnostic marker for RSW would allow to overcome the problems of the diagnostic approaches adopted up to now, namely,: the need to have an accurate and reliable evaluation of the ECV; the need to calculate the FEurate twice, the second time after correction of the blood sodium.
Limitations
The possible limitations of this study must be considered, first of all the small number of recruited patients with RSW (Figure 3). This was due both to the fact that RSW is a relatively infrequent syndrome, and to the use of very restrictive criteria for the diagnosis of RSW. On the other hand, the use of these diagnostic criteria has allowed us to make an accurate differential diagnosis between SIADH and RSW. It is important to emphasize that all other studies in the literature on natriuretic peptide measurement in RSW have included populations of fewer than 10 individuals. Therefore, the size of our population is consistent with previous studies and may be sufficient to provide preliminary results on urinary urodilatin measurement in this context, encouraging further research. It must be pointed out that the kit used for the urodilatin dosage does not distinguish urodilatin from ANP, and this could cast doubts on the specificity of the urinary urodilatin dosage which could be altered by the presence of ANP in the urine. However, it should be considered that ANP is rapidly degraded in the renal tubule as opposed to urodilatin which is instead resistant to this degradation, and that the use of specific kits in the past has shown that almost all of the natriuretic peptides that can be measured in urine is represented precisely by urodilatin (Zaid et al., 2007; Drummer et al., 1991; Feller et al., 1989). Furthermore, the statistical analysis did not show any correlation between the circulating levels of proANP and urinary urodilatin levels in the entire population studied (Speaman’s rho = 0.059, p = 0.739). It must also be considered that, having included in the group of cases with RSW only patients with polyuria that cannot be explained by the causes listed in Table 2, it is possible that we have selected only a subpopulation of patients with RSW in the “hyperacute” phase. In fact, we know that RSW can be an insidious syndrome, with an oscillating trend and with effects on natremia and diuresis that are not always so pronounced (Maesaka et al., 2020; Della Corte et al., 2018; Musch and Decaux, 2019). Therefore it must be clarified whether urodilatin secretion remains significantly elevated even in patients with a “moderate” RSW, or whether it is instead a characteristic of patients with RSW in the “acute” phase. Further studies will certainly help us resolve this question as well.
[image: Figure 3]FIGURE 3 | STARD diagram.
CONCLUSION
This case-control study provides novel insights into urinary urodilatin levels in RSW patients, with potential implications for understanding the syndrome’s pathogenesis, refining diagnostic criteria, and improving clinical management. Further studies will be needed to confirm our findings by expanding the study population, including cases of chronic RSW, and utilizing an external validation cohort. We hope that further scientific research will provide greater insight into this fascinating topic.
CLINICAL SIGNIFICANCE
Renal Salt Wasting Syndrome (RSW) is a clinical syndrome with laboratory characteristics completely overlapping with the syndrome of inappropriate antidiuretic hormone secretion (SIADH). The differential diagnosis is still difficult, and the pathogenesis of this syndrome has not been clarified. In this case-control study, urinary urodilatin levels in patients with RSW were found up to 10 times higher than in controls, the analysis of ROC curves showed good diagnostic power of urinary urodilatin toward RSW diagnosis. Urinary urodilatin assay could be potentially used as a new diagnostic marker of Renal Salt Wasting Syndrome. Furthermore, these data may provide important clues to the underlying pathogenesis of RSW.
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RSW diagnostic criteria

- Hyponatremia: blood sodium <135 mEq/L
- Normal adrenal, thyroid and renal function
- High Una (>40 mEq/L)

- Exclusion of other causes of renal sodium loss (diuretics, acute tubular damage,
renal failure. . .)

- Reduction of the ECV
- Negative water balance (Input - Output < ~500 mL/day)

- Polyuria (urine output> 30 mL/kg/day) in the absence of causes other than RSW
(see Table 2)
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