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We present two cases of severe hyponatremia secondary to syndrome of inappropriate secretion of antidiuretic hormone (SIADH) with very high urine sodium concentrations (>130 mmol/L). The first patient had hyponatremia from traumatic brain injury (TBI) while the second case had a history of recurrent SIADH triggered by various causes including gastritis. In both cases, fluid administration and/or consumption worsened the hyponatremia. Although a low urine sodium of <30 mmol/L is highly suggestive of hypovolemic hyponatremia and good response to saline infusion, there is lack of clarity of the threshold of which high urine sodium concentration can differentiate various causes of natriuresis such as SIADH, renal or cerebral salt wasting. Apart from high urine osmolality (>500 mOsm/kg), persistence of high urine sodium concentrations may be useful to predict poor response to fluid restriction in SIADH. More studies are needed to delineate treatment pathways of patients with very high urine osmolality and urine sodium concentrations in SIADH.
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INTRODUCTION

Hyponatremia affects 20–30% of hospital admissions (1, 2) with the syndrome of inappropriate secretion of antidiuretic hormone (SIADH) being a prominent cause of hyponatremia that is common and yet challenging to manage. Hyponatremia of all severity is associated with increased mortality; with up to 33% mortality reported in severe hyponatremia (3).

SIADH is defined as the presence of hypo-osmolality and high urine osmolality in the euvolemic state with no evidence of renal salt wasting in an individual with normal renal, adrenal, thyroid, cardiac, and liver function (4, 5). It may be precipitated by central nervous system disorders, neoplasia, pulmonary disorders, pain, and medications (6). Traumatic brain injury (TBI) causes hyponatremia, often due to SIADH or cerebral salt wasting (CSW) (7, 8). Assessing volume status is a key step in establishing the etiology of hyponatremia, however, it is subjective and generally inaccurate, except in severely hypervolemic or hypovolemic cases (5, 9). Assessment of urine osmolality and urine sodium concentration is more reliable in aiding clinicians to appropriately classify the hyponatremia to major etiological causes (5, 9). Urine sodium >30 mmol/L in a euvolemic patient suggests SIADH, in the absence of diuretics, hypothyroidism and adrenal insufficiency.

We present two unusual cases of severe hyponatremia secondary to SIADH, one due to traumatic brain injury and another due to underlying gastritis causing dyspepsia. In both instances, urine sodium concentrations were very high (>130 mmol/L). We also performed a literature review of reported cases of SIADH with high urine sodium concentrations.



CASE 1

A previously well 40-year-old Indonesian male presented with transient loss of consciousness following a fall-from-standing height while working as a sailor aboard a ship. He sustained traumatic brain injury (TBI) with subarachnoid and subdural hemorrhages and multiple facial fractures with raised serum creatine kinase 1014 U/L (NR <210U/L). His initial Glasgow coma scale score was 14. His injuries were managed conservatively. His initial serum sodium concentration was 140 mmol/L with normal renal panel and serum potassium 3.8 mmol/L. Full blood count and liver function test were unremarkable. Intravenous (IV) 0.9% sodium chloride (NaCl) infusion 2L/day was given for the first 3 days of admission in view of the significantly raised creatine kinase worrisome for early-onset rhabdomyolysis. However, serum sodium progressively fell to 125 mmol/L, and he was referred to the Endocrinology service on day 8 of admission (D8). His vital signs were stable with no hypotension or tachycardia (heart rate 81 beats/min, blood pressure 133/87 mmHg). He was clinically euvolemic with moist mucous membranes, clear lung fields on auscultation, and no peripheral oedema. Investigations revealed hypo-osmolar hyponatremia with markedly elevated urine sodium (144 mmol/L) and urine osmolality (1,045 mOsm/kg). His renal and thyroid function were normal and peak serum cortisol was normal (611 nmol/L) after a 1mcg ACTH-stimulation test. The clinical impression was SIADH from TBI. Intravenous sodium chloride drip was stopped, and he was restricted to 750 ml of fluid per day and given additional sodium chloride tablets (up to 272 mmol/day). Urine sodium concentration was persistently high even after saline infusion drip was discontinued (Figure 1).
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FIGURE 1. Trend of serum sodium concentrations, urine sodium concentrations, and urine osmolality along with the interventions taken in Case 1 who presented with traumatic brain injury and later diagnosed with SIADH. The urine biochemistry was performed on urinary spot samples. The urine sodium concentrations were persistently raised ≥130 mmol/L throughout the hospital stay except on day 21.


Despite strict fluid restriction, his serum sodium continued to downtrend to 121 mmol/L (Figure 1). Urine sodium concentration (132–164 mmol/L) and urine osmolality (569–613 mOsm/kg) remained significantly raised. Differential diagnoses for the etiology of his refractory hyponatremia included (a) mild central hypocortisolism post-TBI, (b) SIADH, and (c) CSW. Although initial peak cortisol response to 1-mcg ACTH stimulation test exceeded 500 nmol/L with normal ACTH levels, this did not rule out acute central hypocortisolism precipitated by the recent TBI due to preserved adrenal tissue to external ACTH stimulation during acute pituitary injury (10). Thus, an insulin tolerance test was performed to assess the hypothalamic-pituitary-adrenal axis. He received 0.35 u/kg of regular insulin and achieved symptomatic hypoglycemia (plasma glucose 2.4 mmol/L) with a peak cortisol level of 502 nmol/L. The test was stopped prior to achieving the target of plasma glucose <2.2 mmol/L because the patient could not tolerate the hypoglycemia symptoms. In view of borderline cortisol response and the declining sodium concentrations, a trial of IV hydrocortisone replacement was started, but this did not result in an improvement of hyponatremia. The hyponatremia did not fulfill the criteria for CSW because he was clinically euvolemic with normal serum urea and creatinine and he did not have polyuria. Intravenous fluid administration worsened the hyponatremia. Fractional excretion of uric acid (FeUA) performed on D22 of admission was low at 9.29% (<11%) when patient was euvolemic was suggestive although not specific for SIADH (11). A repeat FeUA on D27 admission was still low at 7.98%.

Despite fluid restriction, high load of sodium chloride tablets and hydrocortisone, serum sodium fell further to 119 mmol/L with persistently raised urine sodium (110 mmol/L) and urine osmolality (844 mOsm/kg) and the patient reported worsening vertiginous giddiness associated with nausea. His renal function remained normal without potassium or magnesium derangement throughout the admission. In view of symptomatic hyponatremia, he was given 150 ml of IV 3% NaCl which transiently raised serum sodium level to 122 mmol/L. However, serum sodium level decreased to 119 mmol/L the next day (D22). Sodium chloride tablets were increased to 24 tablets daily and a decision was made for trial of oral fludrocortisone 0.05 mg (D22). This led to significant improvement in serum sodium to 127 mmol/L with a mild decrease in urine sodium from 155 to 139 mmol/L (D23) although the rise may not be attributed solely to fludrocortisone, in view of the relatively minor decrease in urine sodium concentration, and the subsequent rise in urine sodium concentration (200 mmol/L on D29). The usage of sodium chloride tablets and persistence of fluid restriction also contributed to the improvement in hyponatremia. Oral fludrocortisone was served every other day (0.05 mg) with gradual improvement in serum sodium (131 mmol/L on D25). After low dose fludrocortisone was started, there was also successful tapering of oral sodium chloride tablets down to 12 tablets a day, with further tapering till it was stopped 6 weeks later. He was discharged well on D29. A week later at the Endocrine clinic, his serum sodium normalized (138 mmol/L) while on lower doses of sodium chloride tablets, low dose hydrocortisone, and fludrocortisone 0.05 mg every other day. Fludrocortisone and hydrocortisone were stopped. His sodium level remained normal (142 mmol/L) without any medications 6 weeks after discharge. During this prolonged hospital stay for hyponatremia, the patient in case 1 expressed his concern that the symptomatic dizziness from hyponatremia would persist and affect his ability to work. He was relieved that both his symptoms and hyponatremia resolved completely. He was able to resume work subsequently.



CASE 2

A 53-year-old Indian man with well-controlled type 2 diabetes and hypertension presented with 1 week of severe persistent abdominal pain, bloating, and poor appetite. He was admitted to the hospital under the Gastroenterology department for gastritis and treated with IV proton pump inhibitors (PPI) and analgesia including tramadol. His serum sodium level was 127 mmol/L on admission and was started on IV 0.9% NaCl 1L/day for presumptive hypovolemic hyponatremia. However, serum sodium dropped to 117 mmol/L on day 3 of admission (D3), and he was urgently referred to the Endocrinology service for management of hyponatremia.

Further history revealed that although he was eating poorly due to abdominal discomfort, he had increased his water intake to 2–3L/day to relieve his bloating. He was nauseous but did not have vomiting or diarrhea. He was alert and clinically stable on examination (blood pressure 121/76, heart rate 73 bpm, GCS 15). He was clinically euvolemic. He had hypo-osmolar hyponatremia with markedly elevated urine sodium concentration (187 mmol/L) and urine osmolality (494 mOsm/kg). Serum creatinine and urea levels were not raised, thyroid hormone levels were normal, and peak serum cortisol after a 250 mcg ACTH stimulation test was normal at 653 nmol/L. His HbA1c was 7.1%. Serum pro-brain natriuretic peptide level was normal at <50 pg/ml. Thus, a diagnosis of SIADH was made, likely triggered by pain. Tramadol was stopped on D3 due to association with SIADH, however he continued to have worsening hyponatremia.

On review of his medical records, he had previous severe symptomatic hyponatremia (serum sodium concentration of 110 mmol/L) 4 years ago, necessitating admission to the intensive care unit and treatment with hypertonic saline. On further questioning, he recalled that he had developed dizziness and poor appetite several days prior to admission but was still drinking large volumes of water up to 3 L/day because he was concerned about dehydration after moderate-intensity exercise. Symptoms worsened and culminated in him vomiting and losing consciousness, which then led to the hospital admission. Laboratory tests then similarly showed markedly elevated urine sodium (176 mmol/L) and urine osmolality (600 mOsm/kg), in keeping with SIADH. His subsequent outpatient serum sodium levels performed at the general practice were normal until current admission.

During this current admission, in view of the diagnosis of SIADH, IV fluids were stopped, and fluid restriction was started. Further investigations were performed for the abdominal pain and SIADH including a computed tomography scan of the abdomen, magnetic resonance imaging of the brain, and a chest radiograph, all of which did not show any abnormalities. His symptoms improved with proton pump inhibitor therapy and his appetite gradually improved. This was associated with a rise in serum sodium level, a fall in urine sodium levels, and a rise in urine output, indicative of free water excretion (day 4 admission [D4], Figure 2), which led the serum sodium levels to rise rapidly from 115 mmol/L to 124 mmol/L in 24 h (D5, Figure 2). He was given IV dextrose infusion and 1 dose of desmopressin to dampen the rapid rise in sodium level, and serum sodium was successfully re-lowered to 121 mmol/L. The ensuing rise in sodium was appropriate and corresponded with a gradual fall in urine sodium and osmolality levels (Figure 2). Esophagogastroduodenoscopy showed mild antral gastritis with Helicobacter. Pylori detected, for which antibiotics were given for eradication of bacteria. The recurrent severe SIADH episodes that led to prolonged hospital stays were frustrating for this patient. He was appreciative of the advice to avoid such episodes by avoiding excessive water intake especially when a stimulus of SIADH was present, along with the explanation of the physiology of water-sodium balance in a patient prone to SIADH.
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FIGURE 2. Trend of serum sodium concentrations, urine sodium concentrations, and urine osmolality with the interventions taken in Case 2 with recurrent SIADH. The current SIADH episode illustrated here was caused by dyspepsia from gastritis. His urine sodium concentration was elevated at 187 mmol/L initially and reduced as his hyponatremia due to SIADH improved. The urine biochemistry was performed on urinary spot samples.




DISCUSSION

In this series of 2 cases, we reported that urine sodium concentration can be very high (>130 mmol/L) in the presence of SIADH. Interestingly, despite similar degree of nadir hyponatremia, high urine sodium concentrations (150–200 mmol/L) and raised urine osmolality of at least 490 mOsm/kg, the severity of the etiology of the SIADH were on opposite ends of the spectrum; the first case was a severe TBI causing impaired consciousness, while the other case was a relatively benign disorder of dyspepsia due to gastritis. Neither were on diuretics nor had renal injuries to account for the excessive urine sodium loss. The onset of hyponatremia was precipitated by excessive fluid administration (case 1) or consumption (case 2) in the setting of SIADH. Fluid restriction was undertaken in both cases, but the hyponatremia in case 1 was refractory to fluid restriction and required additional therapeutics including fludrocortisone, while the hyponatremia in case 2 responded too rapidly necessitating the use of desmopressin to dampen the rise of serum sodium level. Through our literature review (Table 1), we found that other groups have reported moderate-severe hyponatremia cases secondary to SIADH with urine sodium concentrations >100 mmol/L suggesting that although uncommon, a very high urine sodium concentration does not make the diagnosis of SIADH less likely but rather is a marker of severity of SIADH (12).


Table 1. Case reports of SIADH with high urinary sodium (>100mmol/L).
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One of the factors contributing to the dilemma in diagnosing SIADH accurately is the assessment of “euvolemia” (9). This is largely dependent on the subjective clinical assessment of hydration status, which is generally not very accurate. A study showed that inexperienced doctors using algorithms incorporating urine osmolality and sodium concentration with less reliance on volume status assessment had better diagnostic accuracy than senior physicians not using algorithms (21). Thus, the European guidelines recommended the use of urine osmolality and urine sodium concentrations as key steps in the assessment of the etiology of hyponatremia (9). Another reason contributing to the diagnostic dilemma is that SIADH is a diagnosis of exclusion (4, 9, 22) and the first-line therapy of SIADH (fluid restriction) does not always work (23), perplexing the physician further. While urine sodium concentrations <30 mmol/L signify a low effective arterial blood volume and have a high negative predictive value for SIADH (5), it is unclear what the upper threshold is to differentiate SIADH from other causes of natriuresis (e.g., renal salt wasting or CSW). The cases presented here illustrate the diagnostic challenge of SIADH that physicians face, where in both cases, intravenous fluid administration was attempted as the initial step of therapy. An unusual feature was the markedly raised urine sodium concentrations leading to investigations for other causes of hyponatremia, such as CSW (case 1) and renal abnormalities (case 2), leading to the delay in the diagnosis and treatment of SIADH. Although the high urine sodium concentrations may have been increased by the intravenous saline infusion the day before, the urine sodium concentrations were found to be similarly raised even when saline was not infused. The high urine sodium excretion is a physiological response to the intensity of ADH action, as evident from an experiment by Leaf et al. who showed that continuous infusion of AVP increased the urine osmolality to 1,000 mOsm/kg, followed by high urine sodium excretion of 100–200 mmol/day (24). The natriuresis allows the excess extracellular fluid to be diuresed (4).

Hyponatremia affects up to 60% of patients with subarachnoid hemorrhage (25) and 13% of patients with TBI (26), with the major causes being SIADH or CSW (27, 28). Studies showed conflicting results on whether CSW or SIADH is the predominant cause of hyponatremia in such brain injuries, with reports of SIADH accounting for >80% of hyponatremia in patients post-TBI (10), and another reporting CSW in 0.8–34.6% in TBI patients (29). As the biochemistry results of SIADH and CSW are similar apart from much higher urine sodium concentration expected in the latter, the main differentiating factor is that of volume status, where CSW is associated with hypovolemia (5). However, volume status can be difficult to accurately determine (30). This is also described in a case reported by Chua et al. where the patient's hyponatremia worsened with intravenous fluids given for presumed CSW, leading to an eventual diagnosis of SIADH (16). Similarly in our first case, the patient's hyponatremia worsened following intravenous fluids (drop in serum sodium from 137 to 125 mmol/L). In a hypovolemic state, volume expansion would usually result in the loss of stimulus for vasopressin secretion and promote water diuresis with improvement in serum sodium level (11), although this may be insufficient to normalize hyponatremia in a severe salt wasting state such as in severe CSW. The clinical conundrum of the cause of hyponatremia in patients with brain pathologies (SIADH vs. CSW) remains in clinical practice. The importance of distinguishing the above has been questioned, since both conditions cause negative sodium balance and hypertonic saline can be used in both cases (30). However, the clinical distinction is important because the management differs significantly (4, 8, 9, 28).

Urine sodium levels in SIADH have been described to average 70–80 mmol/L (31, 32). Levels exceeding 100–150 mmol/L are typically seen in CSW, where Arieff et al. described urine sodium levels of 153 ± 50 mmol/L in CSW vs. 75 ± 41 mmol/L in post-operative patients with SIADH (31). Thus, the authors proposed that CSW can be differentiated from SIADH based on the urine sodium concentration. However, from our literature review, we identified several case reports of moderate-severe SIADH with urine sodium levels >100 mmol/L (Table 1) (13–20). This illustrated that although SIADH is typically associated with urine sodium levels of 30–100 mmol/L, there are several cases where urine sodium levels exceeded 100 mmol/L, with two cases even exceeding 200 mmol/L (16, 20). Similarly, our first case (post-TBI SIADH) also had a markedly raised urine sodium level of 204 mmol/L. Thus, the degree of elevation of urine sodium concentration alone cannot reliably differentiate between SIADH and CSW. In some cases of TBI, it remains unclear whether SIADH or CSW predominates in the etiology of hyponatremia and have been postulated to co-exist by Shen et al. (33) who reported 4 cases of refractory hyponatremia with extremely high 24-hour urine sodium excretion (700–1200 mmol/day). A triple regimen of IV fluids, hydrocortisone, and furosemide was prescribed.

It is unclear why some individuals have a predisposition to recurrent SIADH which can be severe, even to benign pathologies or commonly used medications such as proton-pump inhibitors, or to pain (4, 9). To our knowledge, there have not been any reported cases of SIADH precipitated by gastritis. Yet, such a scenario was observed in case 2 who required ICU admission previously for hyponatremia-induced altered mental status, with the next episode of SIADH 4 years later. It is likely that the water intake of 2–3L/day caused further dilutional hyponatremia in the setting of marked ADH activation, as reflected by the high urine osmolality and urine sodium concentration. While the fall in serum osmolality would have usually suppressed thirst, the patient continued to drink as self-remedy for his abdominal symptoms, thus resulting in a vicious cycle of worsening hyponatremia (34).

Predictors of failure of fluid restriction in the treatment of SIADH include urine osmolality >500 mOsm/kg and serum sodium concentration rise by <2 mmol/L/day in 24–48 h on a fluid restriction of 1L/day (4, 12). A urine/plasma sodium and potassium electrolyte ratio >1.0 indicates that fluid restriction alone, even to minimal amounts, would unlikely be sufficient to normalize serum sodium level (35). In a study of 106 patients with SIADH, the authors showed that urine sodium concentrations of ≥130 mmol/L compared to urine osmolality ≥500 mOsm/kg had higher specificity but equal sensitivity to predict failure to respond to fluid restriction, independent of diuretic use (12). This study showed that high levels of urine sodium and urine osmolality were individually associated with non-response to fluid restriction [odds ratio (OR) 15.0, 95% confidence interval (CI) 2.4–95.8, P = 0.004 and OR 34.8, 95% CI 1.2–1038.8, P = 0.041, respectively] (12). A randomized controlled trial studying 46 patients with SIADH and their response to fluid restriction found that baseline urine osmolality or urine/plasma electrolyte ratio did not predict treatment response to fluid restriction, however the study was underpowered (23). In another study of 84 cases of SIADH after head injury, the severe SIADH group compared with the mild SIADH group had higher urine osmolality and 24-h urine sodium concentrations (41–250 vs. 32–106 mmol/L) (36). Apart from these studies, our literature review of case reports of hyponatremia and high urine sodium concentration revealed that most of these patients eventually required pharmacological therapy on top of fluid restriction (hypertonic saline, tolvaptan, demeclocycline), Table 1 (14, 15, 17, 18). The presence of predictive factors (increase in serum sodium concentration <2 mmol/L/day in 24–48 h on fluid restriction, urine osmolality >500 mOsm/kg and high urine sodium concentration >130 mmol/L) in case 1 indicated that further pharmacological measures were likely required for successful management of SIADH. Instead, in case 2, the rapid reduction of urine sodium from 187 to 50 mmol/L the next day suggested that fluid restriction was likely to be successful.

While vaptan therapy would be effective in treating SIADH, its use in CSW is contraindicated due to the risk of hypovolemia. Mineralocorticoid administration using fludrocortisone has been found to be useful and safe in small studies and case reports for CSW as well as SIADH (26, 37). CSW is mediated by atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) which are released after cerebral trauma, which then inhibit the release of aldosterone from the adrenal glands (38). ANP and BNP levels are usually normal in SIADH, but have also been described to be elevated in some case series (39). Fludrocortisone acts on the distal tubules in kidney to promote reabsorption of water and sodium, successfully restoring fluid volume status. Thus, it has been suggested to be given as a trial of treatment (40, 41). We found that fludrocortisone given in low doses (0.05 mg once a day) over a short period was helpful in case 1 to gradually normalize the serum sodium concentration.



CONCLUSION

In conclusion, markedly raised urine sodium concentrations can be seen in SIADH, particularly in cases that are severe and refractory to fluid restriction. More studies are needed to determine the threshold of high urine sodium concentration with urine osmolality to predict severity, outcomes, and indication for early pharmacological therapy.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

LL, ST, and WL: patient diagnosis and management. LL and ST: data collection and draft manuscript preparation. WL: revising manuscript critically. All authors reviewed and approved the final version of the manuscript.



REFERENCES

 1. Upadhyay A, Jaber BL, Madias NE. Incidence and prevalence of hyponatremia. Am J Med. (2006) 119(Suppl 7):S30–35. doi: 10.1016/j.amjmed.2006.05.005

 2. Cuesta M, Thompson CJ. The syndrome of inappropriate antidiuresis (SIAD). Best Practice Res Clin Endocrinol Metabol. (2016) 30:175–87. doi: 10.1016/j.beem.2016.02.009

 3. Waikar SS, Mount DB, Curhan GC. Mortality after hospitalization with mild, moderate, and severe hyponatremia. Am J Med. (2009) 122:857–65. doi: 10.1016/j.amjmed.2009.01.027

 4. Verbalis JG, Goldsmith SR, Greenberg A, Korzelius C, Schrier RW, Sterns RH, et al. Diagnosis, evaluation, and treatment of hyponatremia: expert panel recommendations. Am J Med. (2013) 126(Suppl. 10):13–4. doi: 10.1016/j.amjmed.2013.07.006

 5. Ellison DH, Berl T. The syndrome of inappropriate antidiuresis. N. England J. Med. (2007) 356:2064–72. doi: 10.1056/NEJMcp066837

 6. Decaux G. The Syndrome of Inappropriate Secretion of Antidiuretic Hormone (SIADH). Semin Nephrol. (2009) 29:239–56. doi: 10.1016/j.semnephrol.2009.03.005

 7. Moro N, Katayama Y, Igarashi T, Mori T, Kawamata T, Kojima J. Hyponatremia in patients with traumatic brain injury: incidence, mechanism, and response to sodium supplementation or retention therapy with hydrocortisone. Surgical Neurol. (2007) 68:387–93. doi: 10.1016/j.surneu.2006.11.052

 8. Cole CD, Gottfried ON, Liu JK, Couldwell WT. Hyponatremia in the neurosurgical patient: diagnosis and management. Neurosurg Focus. (2004) 16:E9. doi: 10.3171/foc.2004.16.4.10

 9. Spasovski G, Vanholder R, Allolio B, Annane D, Ball S, Bichet D, et al. Clinical practice guideline on diagnosis and treatment of hyponatraemia. Eur J Endocrinol. (2014) 170:G1–47. doi: 10.1530/EJE-13-1020

 10. Agha A, Phillips J, O'Kelly P, Tormey W, Thompson CJ. The natural history of post-traumatic hypopituitarism: implications for assessment and treatment. Am. J. Med. (2005) 118:1416.e1. doi: 10.1016/j.amjmed.2005.02.042

 11. Rafat C, Flamant M, Gaudry S, Vidal-Petiot E, Ricard J-D, Dreyfuss D. Hyponatremia in the intensive care unit: how to avoid a Zugzwang situation? Annals Intensive Care. (2015) 5:39. doi: 10.1186/s13613-015-0066-8

 12. Winzeler B, Lengsfeld S, Nigro N, Suter-Widmer I, Schütz P, Arici B, et al. Predictors of nonresponse to fluid restriction in hyponatraemia due to the syndrome of inappropriate antidiuresis. J Internal Med. (2016) 280:609–17. doi: 10.1111/joim.12532

 13. Amoako AO, Brown C, Riley T. Syndrome of inappropriate antidiuretic hormone secretion: a story of duloxetine-induced hyponatraemia. Case Reports. (2015) 2015:bcr2014208037–bcr2014208037. doi: 10.1136/bcr-2014-208037

 14. Andersen K, Kamar A, Stone A. Refractory Siadh in a patient with Mycobacterium avium complex pneumonia due to increased metabolism of tolvaptan from rifampin upregulation of Cyp45o enzymes. Chest. (2020) 158:A508. doi: 10.1016/j.chest.2020.08.484 

 15. Chang C-H, Chuang C-H, Lee C-T, Liao J-J. Recurrent hyponatremia after traumatic brain injury. Am J Med Sci. (2008) 335:390–3. doi: 10.1097/MAJ.0b013e318149e6f1

 16. Chua TH, Ly M, Thillainadesan S, Wynne K. From renal salt wasting to SIADH. BMJ Case Reports. (2018) bcr−2017–223606. doi: 10.1136/bcr-2017-223606

 17. Dick M, Catford SR, Kumareswaran K, Hamblin PS, Topliss DJ. Persistent syndrome of inappropriate antidiuretic hormone secretion following traumatic brain injury. Endocrinol Diabetes Metabol Case Rep. (2015) 2015:150070. doi: 10.1530/EDM-15-0070

 18. Huda S, Tyne H, Marson AG. POC14 Treatment-resistant hyponatraemia. J Neurol Neurosurg Psychiatry. (2010) 81:e38–8. doi: 10.1136/jnnp.2010.226340.84 

 19. Kumar PD, Nartsupha C, Koletsky RJ. Delayed syndrome of inappropriate antidiuretic hormone secretion 1 year after a head injury. Annals Int Med. (2001) 135:932. doi: 10.7326/0003-4819-135-10-200111200-00027

 20. van der Voort S, de Graaf J, de Blok K, Sekkat M. Persevering syndrome of inappropriate antidiuretic hormone secretion after traumatic brain injury. Netherlands J Med. (2020) 78:290–3.

 21. Fenske W, Maier SKG, Blechschmidt A, Allolio B, Störk S. Utility and limitations of the traditional diagnostic approach to hyponatremia: a diagnostic study. Am J Med. (2010) 123:652–7. doi: 10.1016/j.amjmed.2010.01.013

 22. Nagler E v, Vanmassenhove J, van der Veer SN, Nistor I, van Biesen W, Webster AC, et al. Diagnosis and treatment of hyponatremia: a systematic review of clinical practice guidelines and consensus statements. BMC Med. (2014) 12:1. doi: 10.1186/s12916-014-0231-1

 23. Garrahy A, Galloway I, Hannon AM, Dineen R, O'Kelly P, Tormey WP, et al. Fluid restriction therapy for chronic SIAD; results of a prospective randomized controlled trial. J Clin Endocrinol Metabol. (2020) 105:dgaa619. doi: 10.1210/clinem/dgaa619

 24. Leaf A, Bartter FC, Santos RF, Wrong O. Evidence in man that urinary electrolyte loss induced by pitressin is a function of water retention 1. J Clin Invest. (1953) 32:868–78. doi: 10.1172/JCI102805

 25. Sherlock M, O'Sullivan E, Agha A, Behan LA, Rawluk D, Brennan P, et al. The incidence and pathophysiology of hyponatraemia after subarachnoid haemorrhage. Clin Endocrinol. (2006) 64:250–4. doi: 10.1111/j.1365-2265.2006.02432.x

 26. Rajagopal R, Swaminathan G, Nair S, Joseph M. Hyponatremia in traumatic brain injury: a practical management protocol. World Neurosurg. (2017) 108:529–33. doi: 10.1016/j.wneu.2017.09.013

 27. Taylor P, Dehbozorgi S, Tabasum A, Scholz A, Bhatt H, Stewart P, et al. Cerebral salt wasting following traumatic brain injury. Endocrinol Diabetes Metabol Case Rep. (2017) 16-0142. doi: 10.1530/EDM-16-0142

 28. Cui H, He G, Yang S, Lv Y, Jiang Z, Gang X, et al. Inappropriate antidiuretic hormone secretion and cerebral salt-wasting syndromes in neurological patients. Front Neurosci. (2019) 13:1170. doi: 10.3389/fnins.2019.01170

 29. Leonard J, Garrett RE, Salottolo K, Slone DS, Mains CW, Carrick MM, et al. Cerebral salt wasting after traumatic brain injury: a review of the literature. Scand J Trauma Resuscitation Emerg Med. (2015) 23:98. doi: 10.1186/s13049-015-0180-5

 30. Sterns RH, Silver SM. Cerebral salt wasting versus SIADH: what difference? J Am Soc Nephrol. (2008) 19:194–6. doi: 10.1681/ASN.2007101118

 31. Arieff AI, Gabbai R, Goldfine ID. Cerebral salt-wasting syndrome: diagnosis by urine sodium excretion. Am J Med Sci. (2017) 354:350–4. doi: 10.1016/j.amjms.2017.05.007

 32. Shepshelovich D, Schechter A, Calvarysky B, Diker-Cohen T, Rozen-Zvi B, Gafter-Gvili A. Medication-induced SIADH: distribution and characterization according to medication class: Medication-induced SIADH characterization. Br J Clin Pharmacol. (2017) 83:1801–7. doi: 10.1111/bcp.13256

 33. Shen B, Li L, Li T. Concurrence of inappropriate antidiuretic hormone secretion and cerebral salt wasting syndromes after traumatic brain injury. Front. Neurosci. (2017) 11:499. doi: 10.3389/fnins.2017.00499

 34. Rangan GK, Dorani N, Zhang MM, Abu-Zarour L, Lau HC, Munt A, et al. Clinical characteristics and outcomes of hyponatraemia associated with oral water intake in adults: a systematic review. BMJ Open. (2021) 11:e046539. doi: 10.1136/bmjopen-2020-046539

 35. Furst H, Hallows KR, Post J, Chen S, Kotzker W, Goldfarb S, et al. The urine/plasma electrolyte ratio: a predictive guide to water restriction. Am J Med Sci. (2000). 319:240–4. doi: 10.1097/00000441-200004000-00007

 36. Dóczi T, Tarjányi J, Huszka E, Kiss J. Syndrome of inappropriate secretion of antidiuretic hormone (SIADH) after head injury. Neurosurgery. (1982) 10:685–8. doi: 10.1227/00006123-198206010-00001

 37. Ishikawa S-E. Hyponatremia responsive to fludrocortisone acetate in elderly patients after head injury. Annals Int Med. (1987) 106:187. doi: 10.7326/0003-4819-106-2-187

 38. Kappy MS, Ganong CA. Cerebral salt wasting in children: the role of atrial natriuretic hormone. Adv Pediatr. (1996) 43:271–308.

 39. Misra UK, Kalita J, Kumar M, Tripathi A. A study of atrial and brain natriuretic peptides in tuberculous meningitis and acute encephalitis. Int J Tuberculosis Lung Dis. (2018) 22:452–7. doi: 10.5588/ijtld.17.0479

 40. Meyer R, Deem S, Yanez ND, Souter M, Lam A, Treggiari MM. Current practices of triple-H prophylaxis and therapy in patients with subarachnoid hemorrhage. Neurocritical Care. (2011) 14:24–36. doi: 10.1007/s12028-010-9437-z

 41. Ishikawa S, Fujita N, Fujisawa G, Tsuboi Y, Sakuma N, Okada K, et al. Involvement of arginine vasopressin and renal sodium handling in pathogenesis of hyponatremia in elderly patients. Endocrine J. (1996) 43:101–8. doi: 10.1507/endocrj.43.101 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lee, Tan and Loh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-897940-t001.jpg
Case

Amoako et al. (12)

Andersen et al. (14)

Chang etal. (15)

Chuaetal. (16)

Dick etal. (17)

Huda et al. (18)

Kumar et al. (19)

Van der Voort et al. (20)

Initial serum
sodium
(mmol/L)

118

122

131

17

122

119

114

Urinary
sodium
(mmol/L)

150

136

159

222

112

141

132

283

Urinary
osmolality
(mOsm/kg)

NA

548

710

742

920

896

2038

880

Reason why
not CSW

No head
injury

No head
injury

No
hypotension
or polyuria
Hyponatraermia
worsened
with saline
challenge
Euvolernic,
improved with
fluid
restriction

Euvolemic

Responded
to fluid
restriotion

Responded
to flid
restriction

Etiology of
SIADH

Duloxetine
and paralytic
ileus
Pneumonia

Fall with
subarachnoid
hemorrhage
Severe head
injury with
skul fractures

Traumatic
brain injury

Left cerebral
hemisphere
stroke
Traumatic
brain injury

Traumatic
brain injury

Treatment of
SIADH

Cessation of
duloxetine

Tolvaptan

Fluid

restriction
Hypertonic saline
Hypertonic
saline and
fluidrestriction

Fluid
restriction
Demeclocycline

Demeclocycline
Tolvaptan
Hypertonic saline

Fluid restriction

Fluid
restriction
Oral salt and
urea loading

Outcome

Good
recovery

Death from
multi-organ
failure
Good
recovery

Good
recovery

Good
recovery

Right
hemiparesis
due to stroke
Good
recovery

Good
recovery





OPS/xhtml/Nav.xhtml




Contents





		Cover



		High Urinary Sodium Concentrations in Severe SIADH: Case Reports of 2 Patients and Literature Review



		Introduction



		Case 1



		Case 2



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

High Urinary Sodium Concentrations
in Severe SIADH: Case Reports of 2
Patients and Literature Review





OPS/images/fmed-09-897940-g001.gif
> Serum sogum (mmoit)
 Umnesegom ey

TITEEtEEEEILG:

(Guton) mouso s (aseus) wnpos

o

ooy of Admisson
s o e oo ow o [ o R
mormrgy
=
maxmiay

e






OPS/images/fmed-09-897940-g002.gif
- vt -5
sty 0o
o pgesss ot
e H
g - o
e g |
e - T
i 4
£ w g
Ei w £
e 3
e - d
" .o g
G o o [or o oo o [os [om
Skt
v [ r
proes
o e e e
e
oty
by
ey R e e B
{5 e e e —— -
nwoou (v o [ (e [T {1
s
o (o ae o [ WosEA S
1oy | S | s
S |
o |

oo Sl Soao i T e










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Medicine





