Online Supplement to “Osmotic demyelination syndrome in severe hyponatremia: independent association with sodium correction rates when accounting for established risk factors.”

Table of Contents

Supplementary Methods………………………………………………………………………………………………….…………………………………….………2
Supplementary Table S1. Details of the 23 cases of osmotic demyelination syndrome…………….…………………………………….5
Supplementary Table S2. Distribution of risk factors for osmotic demyelination syndrome and maximum 24-hour serum [Na+] correction rates in the restricted cohort (excluding patients with diabetes)…………………………………………………………………..10












Supplementary Methods
We conducted a retrospective cohort study within Kaiser Permanente Northern California (KPNC), an integrated healthcare system with 21 community hospitals serving a diverse patient population, previously reported in detail.1 The study protocol was approved by the KPNC Institutional Review Board. The study period spanned from January 1, 2008 to December 31, 2023. Adult patients (age ≥18 years) admitted from the emergency department with an initial serum sodium concentration of <120 meq/L were included. Patients were excluded if the initial serum glucose was > 400 mg/dl (causing dilutional hyponatremia). Only the first qualifying admission per patient was included.  Demographic, clinical, pharmacy and laboratory data were obtained from several internal databases linked to the electronic health record (Epic, Verona, WI). Cases of possible ODS were identified for manual chart review if there was either: 1) an International Classification of Diseases, Ninth Revision (ICD-9) or Tenth Revision (ICD-10) coded diagnoses of demyelinating diseases of central nervous system (341.8x/G37.x) within 90 days following hospital admission or 2) brain imaging (computed tomography or magnetic resonance imaging) obtained within 90-days of admission with a final interpretation noting possible demyelination. The latter was determined by reviewing radiology reports if any of the following text strings were present: osmo, myelin, ods, cpm, or pontine.2 Cases were confirmed if there was documented clinical concern for ODS in the electronic health record in the case of ICD coded diagnoses, or, in the case of possible cases identified by imaging reports alone, if imaging findings appeared consistent with ODS upon review by a board-certified neuroradiologist (blinded to patient clinical information). Controls were identified among patients without confirmed ODS who: 1) were alive at 90 days following admission; 2) did not have a delayed neurologic event following admission, defined as a new (not coded in the past 12 months) and delayed (entered between 3 and 90 days from admission) ICD-9 or ICD-10 diagnoses of other demyelinating diseases of the central nervous system (341.8x/G37.x, including ODS), hemiplegia and hemiparesis (342.x/G81.x), other paralytic syndromes (344.x/G83.x), epilepsy and recurrent seizure (345.x/G40.x), and coma or alteration of consciousness (780.0x/R40.2x and R40.3); 3) had continuous health plan coverage during the 90-day follow-up period; 4) had a calculable maximum 24-hour sodium correction rate; and, 5) did not undergo surgery in the past 72 hours (presumed acute hyponatremia). The highest 24-hour serum sodium correction rate was calculated using one or two time-weighted sodium measurements obtained within 18 to 30 hours following the initial serum sodium value, as well as all consecutive values below 120 meq/L, and was categorized as slow (< 8 meq/L per 24 hours), moderate (8-12 meq/L per 24 hours) or fast (> 12 meq/L per 24 hours).3 Structured data from the electronic health record was collected for descriptive purposes and risk adjustment, including: age; sex; race; Elixhauser-defined indicators for liver disease, congestive heart failure, malignancy, malnutrition and alcohol dependence4; initial serum sodium and potassium levels; outpatient medications (diuretics, antidepressants, antipsychotics, anticonvulsants); initial admission to the intensive care unit; and in-hospital administrations of intravenous medications commonly used for hyponatremia treatment (3% hypertonic saline, 5% dextrose in water, desmopressin). Major ODS risk factors were defined as a history of alcohol abuse, initial serum potassium < 3.5 meq/L, or an initial serum sodium < 105 meq/L.5-7 Given the low number of ODS outcomes, we estimated the association between ODS and varying rates of maximal sodium correction using Firth’s penalized logistic regression with covariate adjustment for each of the individual major ODS risk factors, reported as adjusted odds ratios (aOR) with 95% CIs.8 As a sensitivity analysis, we repeated the regression using a restricted cohort (cases and controls) with at least one major ODS risk factor. Analyses were conducted using Stata v 14.2 (StataCorp, College Station, TX, USA). 


24-hour serum sodium change calculation: 
Na0 = initial serum sodium ([Na]) or any subsequent consecutive [Na] < 120 meq/L. 
Napre = [Na] result that is closest to the 24-hour mark within 18 to 24 hours following a given Na0 measure. 
Napost  = [Na] result that is closest to the 24-hour mark within 24 to 30 hours following a given Na0 measure. 
Na24=Napre+[(Napost–Napre)×(24–Tpre)/(Tpost–Tpre)] 
If only one eligible subsequent Na value, then: 
Na (24) = [(Napre − Na0)/Tpre] × 24 + Na0 or  
Na (24 ) = [(Napost − Na0)/Tpost] × 24 + Na0 
Where T = hours from Na0 measure 


Supplementary Table S1. Details of the 23 cases of osmotic demyelination syndrome. 
	Age
	Sex
	Initial serum sodium (meq/L)
	Initial serum potassium (meq/L)
	Maximum 24-hour sodium increase
	History of alcohol abuse
	Days to MRI
	MRI findings
	Clinical synopsis

	21
	M
	116
	4.3
	12.3
	No
	8
	Symmetric bilateral T2 hyperintensity in the basal ganglia. Mild T2 hyperintensity in corticospinal tracts to pons level, bifrontal medial frontal lobes, and insula. No restricted diffusion seen.
	History of panhypopituitarism and eating disorder, presented with weakness. Developed diplopia, gait disturbances and pseudobulbar affect starting 5 days after admission.  Mild symptoms without disability at 3 months. 

	27
	F
	104
	3.1
	15.3
	No
	9
	Bilateral symmetric T2 hyperintensity with restricted diffusion in the basal ganglia. Punctate foci of T2 hyperintensity in the midline pons.
	History of eating disorder, presented with 10 days of vomiting and anorexia. Developed involuntary arm movements, emotional dysregulation, mental slowness, dysarthria, and difficulty swallowing 7 days after admission. No residual symptoms at 3 months.

	32
	M
	96
	3.1
	20
	No
	55
	Bilateral symmetric T2 hyperintensity with restricted diffusion in the basal ganglia. Mild bilateral T2 hyperintensity without restricted diffusion in the pons.
	No significant history, presented with weakness. Developed confusion, weakness and dysarthria 4 days after admission.  Normal MRI at 7 days. Mild symptoms with slight disability at 3 months. 

	35
	M
	99
	2.8
	15.9
	Yes
	18
	Bilateral symmetric T2 hyperintensity with minimal residual restricted diffusion in the basal ganglia, thalamus and central pons. 
	History of alcohol abuse, thiazide use, presented with weakness. Developed tremors and ataxia around 10 days after admission. Mild symptoms with slight disability at 3 months.

	40
	M
	112
	2.6
	17.4
	Yes
	11
	T2 hyperintensity with restricted diffusion in the central pons.  
	History of alcohol abuse and thiazide use, presented with weakness. Developed ataxia 4 days after admission. No residual symptoms at 3 months.

	Age
	Sex
	Initial serum sodium (meq/L)
	Initial serum potassium (meq/L)
	Maximum 24-hour sodium increase
	History of alcohol abuse
	Days to MRI
	MRI findings
	Clinical synopsis

	44
	M
	114
	1.8
	12.8
	Yes
	11
	Bilateral symmetric T2 hyperintensity in the basal ganglia. T2 hyperintensity with restricted diffusion in the central pons. 
	History of alcohol abuse, presented with 2 weeks of diarrhea. Developed ataxia, dysarthria and dysphagia 7 days after admission. Mild symptoms without disability at 3 months.

	46
	M
	105
	5.9
	8.7
	Yes
	32
	T2 hyperintensity with mild residual restricted diffusion in the central pons.  
	History of alcohol abuse, presented with severe hepatic encephalopathy. Prolonged hospital course. MRI obtained for persistent confusion 32 days after admission. Mild symptoms without disability at 3 months.

	49
	F
	105
	2.7
	18.8
	Yes
	9
	T2 hyperintensity with restricted diffusion in the central pons.  
	History of alcohol abuse and thiazide use, presented with several days of vomiting.  Developed weakness, confusion, dysphagia and ataxia 5 days after correction. Severe symptoms with severe disability at 3 months. 

	50
	M
	110
	1.8
	14.6
	Yes
	31
	T2 hyperintensity without restricted diffusion in the central pons.  
	History of alcohol abuse, presented with subdural hematoma. Dysarthria noted during admission, thought to be chronic. Follow-up head CT at 30 days noted new pontine hypodensity. Mild symptoms without disability at 3 months.

	52
	F
	116
	3.1
	5.9
	No
	32
	Encephalomalacia in central pons.
	History of thiazide use, presented with 4 days of vomiting and diarrhea.  Developed ataxia and tremors 8-13 days after admission. Mild symptoms without disability at 3 months


	Age
	Sex
	Initial serum sodium (meq/L)
	Initial serum potassium (meq/L)
	Maximum 24-hour sodium increase
	History of alcohol abuse
	Days to MRI
	MRI findings
	Clinical synopsis

	55
	F
	116
	2.8
	12
	Yes
	34
	Patchy T2 hyperintensity with mild restricted diffusion in the pons.
	History of alcohol abuse, presented with alcohol withdrawal and acute respiratory failure. Prolonged hospital course. MRI obtained for persistent confusion 34 days after admission. Expired within 3 months. 

	57
	M
	116
	3.1
	4.8
	No
	16
	Restricted diffusion in the central midbrain and pons, involving the bilateral corticospinal tracts, medial lemniscus, and dorsal raphe nucleus. 
	No significant history, presented with severe bacterial pneumonia. Prolonged hospital course. MRI obtained for persistent confusion 16 days after admission. Mild symptoms with slight disability at 3 months.

	58
	F
	108
	3.3
	11
	Yes
	22
	T2 hyperintensity with mild restricted diffusion in the central pons.  
	History of alcohol abuse, presented with septic shock. Prolonged hospital course.  MRI obtained for persistent confusion 22 days after admission. Moderate symptoms with moderately severe disability at 3 months.

	59
	F
	98
	2.3
	11.9
	No
	8
	Restricted diffusion in bilateral basal ganglia. 
	History of thiazide use, presented with weakness and COVID-19. Developed tremors and dysarthria 5 days after admission. Mild symptoms with slight disability at 3 months.

	62
	M
	102
	4.7
	18.1
	No
	11
	Bilateral symmetric T2 hyperintensity with restricted diffusion in the basal ganglia. T2 hyperintensity with restricted diffusion in the central pons. 
	
History of quadriplegia, presented with septic shock. MRI obtained for persistent coma 11 days after admission. Severe symptoms with severe disability at 3 months.


	Age
	Sex
	Initial serum sodium (meq/L)
	Initial serum potassium (meq/L)
	Maximum 24-hour sodium increase
	History of alcohol abuse
	Days to MRI
	MRI findings
	Clinical synopsis

	63
	F
	119
	4.2
	7.3
	No
	74
	Mild diffuse T2 hyperintensity in the bilateral cortical cerebral hemispheres thought to represent an atypical manifestation of osmotic demyelination syndrome.
	History of bipolar disorder, presented with weakness, ataxia and COVID-19. MRI obtained for somnolence 74 days later, two days into repeat admission for hyponatremia. Findings thought to be representative of ODS from index admission. Mild symptoms with slight disability at 3 months.

	63
	M
	108
	3
	10.6
	No
	10
	Bilateral symmetric T2 hyperintensity without restricted diffusion in the basal ganglia and gyriform frontal lobe 
	History of thiazide use, presented with nausea and weakness. Developed worsening weakness and confusion 8 days from admission. Mild symptoms without disability at 3 months

	65*
	F
	110
	2.1
	13
	No
	12
	Mild T2 hyperintensity in the central pons.
	History of thiazide use, presented with nausea, weakness and dizziness x 1 week. Developed confusion and hallucinations 11 days from admission. Mild symptoms with slight disability at 3 months.

	66*
	F
	120
	3.4
	5.9
	Yes
	18
	T2 hyperintensity with restricted diffusion in the pons
	History of alcohol abuse, presented with septic shock. MRI obtained for persistent delirium and dysarthria. No residual symptoms at 3 months.

	67*
	M
	118
	4.5
	5.6
	No
	1
	Bilateral T2 hyperintensity with restricted diffusion in left greater than right thalami. 
	
History of multiple myeloma, presented with syncope, weakness and nausea in the setting of diarrhea and anorexia. Developed acute coma 30 hours from admission. Expired within 3 months. 

	Age
	Sex
	Initial serum sodium (meq/L)
	Initial serum potassium (meq/L)
	Maximum 24-hour sodium increase
	History of alcohol abuse
	Days to MRI
	MRI findings
	Clinical synopsis

	70
	F
	118
	3.5
	7
	Yes
	24
	T2 hyperintensity with mild residual restricted diffusion in the central pons.  
	History of alcohol abuse, presented with colitis and fatigue. Developed confusion and generalized seizure 4 days after admission. Mild symptoms with slight disability at 3 months.

	80
	F
	118
	3
	4.9
	No
	6
	Small T2 hyperintensity without restricted diffusion in the central midbrain. 
	History of thiazide use, presented with confusion. Developed recurrent confusion and facial dystonia 5 days from admission. Mild symptoms with slight disability at 3 months.

	86
	F
	115
	4.2
	4.4
	No
	26
	Symmetric T2 hyperintensity without restricted diffusion in the central pons.
	History of depression, presented with weakness. Developed intermittent hallucinations and confusion following discharge 5 days from admission. MRI obtained as part of dementia evaluation. Moderate symptoms with moderate disability at 3 months. 



* Detected by imaging review without ICD diagnosis





Supplementary Table S2. Distribution of risk factors for osmotic demyelination syndrome and maximum 24-hour serum [Na+] correction rates in the restricted cohort (excluding patients with diabetes).
	 
	Cases (n=18)
	Controls (n=6833)

	Initial serum [Na+] 
	
	

	   115-120 meq/L
	8 (44)
	4615 (68)

	   106-114 meq/L
	4 (22)
	2001 (29)

	   < 105 meq/L
	6 (33)
	217 (3)

	Initial serum [K+]
	
	

	   > 3.5 meq/L
	6 (33)
	5099 (75)

	   3.0-3.4 meq/L
	5 (28)
	1040 (15)

	   < 3.0 meq/L
	7 (39)
	694 (10)

	History of alcohol abuse
	7 (39)
	1040 (15)

	Any major ODS risk factor*
	12 (67)
	1702 (25)

	Maximum 24-hour [Na+] correction rate (meq/L)
	 
	 

	     < 8
	 5 (26)
	 3035 (44)

	     8-12
	 5 (26)
	 2130 (31)

	     > 12
	 9 (47)
	 1668 (24)


Abbreviations: ODS = osmotic demyelination syndrome.  
* Major ODS risk factors = 1) serum [Na+] < 105 meq/L; 2) serum [K+] < 3.0 meq/L; or 3) history of alcohol abuse.  





References
1.	Mark DG, Alavi M, Nugent JR, Reed ME, Kaiser Permanente CNI. Sodium Correction Rates and Associated Outcomes Among Patients With Severe Hyponatremia : A Retrospective Cohort Study. Ann Intern Med. 2026;179(3):330-339.
2.	MacMillan TE, Shin S, Topf J, et al. Osmotic Demyelination Syndrome in Patients Hospitalized with Hyponatremia. NEJM Evid. 2023;2(4):EVIDoa2200215.
3.	Seethapathy H, Zhao S, Ouyang T, et al. Severe Hyponatremia Correction, Mortality, and Central Pontine Myelinolysis. NEJM Evid. 2023;2(10):EVIDoa2300107.
4.	Moore BJ, White S, Washington R, Coenen N, Elixhauser A. Identifying Increased Risk of Readmission and In-hospital Mortality Using Hospital Administrative Data: The AHRQ Elixhauser Comorbidity Index. Med Care. 2017;55(7):698-705.
5.	Tandukar S, Sterns RH, Rondon-Berrios H. Osmotic Demyelination Syndrome following Correction of Hyponatremia by </=10 mEq/L per Day. Kidney360. 2021;2(9):1415-1423.
6.	Lohr JW. Osmotic demyelination syndrome following correction of hyponatremia: association with hypokalemia. Am J Med. 1994;96(5):408-413.
7.	Ambati R, Kho LK, Prentice D, Thompson A. Osmotic demyelination syndrome: novel risk factors and proposed pathophysiology. Intern Med J. 2023;53(7):1154-1162.
8.	Firth D. Bias reduction of maximum likelihood estimates. Biometrika. 1993;80(1):27-38.

2

