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Acronym

AGE =Acute Gastroenteritis

AOR= Adjusted Odds Ratio

CLD= Chronic liver Disease

Cl=  confidence interval
DM=Diabetes mellitus

ED= Emergency department

EFMCA =Ethiopian food and medicine control authority
HIV=human immunodeficiency virus
IE=  Infective Endocarditis
ICH=Intracranial hemorrhage
ICU= intensive care unit
IRB=Institutional Review Board
ISE=ion-selective electrode
IV=Intra-venous

IVC= Inferior vena cava

NaCl= sodium chloride

OR= odds ratio

PAD= Peripheral Arterial Disease

PCP =pneumocystis carinii pneumonia
POCUS= Point of care ultrasound
RCT= randomized control trial

SD= standard deviation

SIADH= Symptom of inappropriate antidiuretic hormone
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SLE=Systemic Lupus Erythematosus

SPSS= Statistical Package for the Social Sciences

STG =standard treatment guideline
TASH= Tikur Anbessa specialized hospital
TB =Tuberculosis

TSP=tea spoon

VL= Visceral Leishmaniasis
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Abstract

Background

Treatment of severe and acute hyponatremia is challenging in emergency departments of
resource-limited setup.

Methods:

A single-center, cross-sectional retrospective study was conducted. We selected 148 patients
from the emergency department using simple random sampling. Data were collected from
laboratory results, patient charts, and electronic medical records (EMR) and analyzed using
SPSS. Non-parametric tests, regression analysis, and Kaplan-Meier survival analysis were
performed.

Result: From a total of 148 patients, 13(8.8%) were under-corrected, 99 patients (66.9%)
achieved normal correction, and 36 patients (24.3%) were overcorrected. The Related-Samples
Friedman's Two-Way Analysis of Variance by Ranks revealed a highly statistically significant
(p-value=0.000) effectiveness in using a calculated dose of the locally made 3% enteral table salt
solution for treating severe and/or acute hyponatremia in our study. The Independent-Samples
Kruskal-Wallis Test showed that hypokalemia notably affected Day 1 serum sodium levels,
causing greater variability (p < .001). Overcorrection was strongly associated with lower initial
serum sodium levels (aOR=0.912, CI=0.860,0.966) and hypokalemia (OR=0.008,
CI1=0.002,0.031) and slightly associated with the total amount of the 3% solution administered
on Day 1 (aOR=1.005, CI=1.001, 1.008). Undercorrection was significantly associated with the
total amount of 3% solution taken on Day 1 (aOR=0.995, C1=0.0991, 0.998). Patients with
undercorrection had a higher association with death (aOR=9.825, C1=1.927, 50.106). Osmotic
Demyelination syndrome (ODS symptoms were associated with hypokalemia (aOR=6.929,
Cl=2.904,16.530), initial serum sodium level (aOR=0.933, CI=0.8810,0.987), and
overcorrection (aOR=16.022, CI=6.194, 41.443). The Kaplan-Meier curve illustrated sharper
increase for under-correction.

Conclusion and Recommendation

Using 3 % locally made enteral table salt solution is effective in treatment of severe and/acute
hyponatremia management in resource limited setup. Calculating the solution using Edelman
Equation is essential and effective for the management by reducing the risk of overcorrection.
There was no association b/n the ODS symptoms and rate of death. There was no correlation
between the principal diagnosis and comorbidities of patients who died. Undercorrection was the
only statically significant component for the deaths in the study. We can consider giving a
calculated locally made 3 % enteral table salt for patients with severe and/or acute hyponatremia
management in resource limited setup where there are challenges in obtaining standard 3 %
hypertonic solution. But a further and higher level of study is warranted, possibly an RCT that
will compare our enteral table salt solution with the standard 3 % hypertonic solution.
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Introduction

Sodium is the major extracellular cation. It has a magnificent role in muscle, nerves and cardiac
cells for generation of action potential. The serum sodium level should be at equilibrium status.
It is regulated by the renal and endocrine systems. [1] The normal serum sodium level ranges
from 135-145. [2]

Hyponatremia is the lower serum level of sodium from the respective laboratory cut off point.
The European clinical practice guideline suggests being less than 135 mmol/I. (3)

Hyponatremia is caused by the retention of water which will dilute the serum sodium and
osmolality. The transcellular water shifts will be governed by the effective osmolality (tonicity).
Sodium, its anions and glucose are the major particles that can affect the tonicity. But the general
body osmolality can be affected by sodium, glucose and urea. [4,5]

But urea will not affect the effective osmolality (tonicity) it affect, due to its high cell membrane
permeability. These make alcoholic and uremic patients at higher risk of cerebral edema. [4,5]

The prevalence of Hyponatremia in the emergency department is variable. It has been suggested,
varying from 3% to 10%. [3,6,7,8] There are factors that can significantly affect the occurrence
of hyponatremia in the emergency department (ED). Some of them are age, associated
comorbidities, atmospheric condition and demography of local population. The prevalence of
hyponatremia in elderly is high.[3,6,7,8] Evidence suggests that for patient greater than 80 years
of age, the prevalence is about 17%, while for young age (16 to 21 years), it is 2%.
Comorbidities like acute or acute on chronic kidney disease also have high prevalence, which is
estimated to be 30 %, from the normal population when they come to the ED. Seasonal variation
of the atmospheric condition also affects this prevalence, where it is suggested being higher in
hot periods. [3,6,7,8]

There are different ways to classify hyponatremia. One is based on the osmolality, as
hypoosmolar, hyperosmolar and iso osmolar hyponatremia. [9] Based on the osmolality,
hyponatremia can be classified into three, which are Hypoosmolar, hyperosmolar and iso
osmolar. Clinically Hypoosmolar is the most important one. In which for sake of diagnosis and
management it has three different sub classifications based on the volume status of the patient.
[10]

The volume status of patients in the emergency department should be determined using the
combination of clinical features, laboratory values, point of care ultrasound and passive leg raise.
Presence of postural dizziness, postural rise in pulse rate which is more than 30 beats/minute, dry
axilla and dry mucous membrane could be sign for hypovolemia in hyponatremia patient.[11] If
the baseline values are available we can use the serum creatinine, urea and hemoglobin
parameters for the volume status.[11] In Point of care ultrasound (POCUS) we can assess the



inferior vena cava (IVC) and determine the fluid status of patient.[12] But according to systemic
reviews there is limited predictive ability of the IVC to determine fluid status.[13]

Hypovolemic hyponatremia can be caused by diuretics, especially thiazide diuretics,[14]
gastrointestinal sodium loss due to severe diarrhea, severe vomiting, and loss of sodium via skin
due to excessive sweating.[15,16] Adrenal insufficiency, renal salt wasting and cerebral salt
wasting are other causes of hypovolemic hyponatremia.[17,18] Some of the causes of
Hypovolemic hyponatremia are heart failure, cirrhosis of liver and nephrotic
syndrome.[19,20,21] Symptom of inappropriate antidiuretic hormone (SIADH) secretion, beer
drinker’s potomania, primary polydipsia and hypothyroidism are conditions which determined as
cause of normotonic hyponatremia.[22,23]

Statement of the Problem

Acute and symptomatic hyponatremia management should attain resolution of symptoms,
getting the normal serum sodium level with its predictive range and the absence of any
overcorrection complications like osmotic demyelination syndrome.

Treating acute and symptomatic hyponatremia for clinicians who are working in resource limited
setup where there is no available standard 3% sodium chloride solution is strenuous. Whether
giving the locally made enteral table salt solution for this situation can outweigh the risk is not
known yet.

There is some research in other countries (Kenya) that have considered giving an enteral table
salt solution for symptomatic hyponatremia in ICU setting, but it lacks clarity in how much to
give for each individual and time prediction in correcting the situation.

Even if there is a common practice in the emergency department of TASH and ZMH of
preparing a locally made 3 % NaCl solution using enteral table salt and giving a calculated dose
for patients hourly, it has not been supported by evidence yet. Due to this we do not know its
effectiveness, efficacy and safety.

Retrospective evaluation of this practice and supporting it with evidence is the major aim of this
research.

Justification of the study

Working in conditions where it is common to get Acute and symptomatic hyponatremia patient
but lacking evidence as to whether the treatment we provide for them is benefiting them or not is
arduous.

Retrospective evaluation of this common practice and identifying the effect, safety and gap of it
with tangible evidence is the significance of this study. Knowing the practice’s success along
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with the absence of harm will help us in recommending the management to other resource
limited setings.

Literature review

The management and outcome of severe and/or acute hyponatremia depends on the initial
severity of symptoms. The celerity, duration and severity of the hyponatremia are important
factors which play a major role in patient symptoms. Definition of acute are those who present
within 48 hours while we will consider chronic presentation beyond 48 hours. [24]

The acute presentation can have mild, moderate or severe symptoms. In the ED, nausea with
vomiting, confusion and headache were defined as moderately severe symptoms.
Cardiorespiratory distress, intractable vomiting, deep somnolence coma and seizure are
determined as severe symptoms.[2] In one of prospective, single-center study where 3784
patients present in ED, about 166 (4.4%) have hyponatremia and approximately one-third of the
patients were determined to have symptoms.[3]

Chronic presentation of hyponatremia usually manifest with weakness, vertigo, nausea and
history of falls.[25] A prospective study which analyzed 5208 people aged 55 years or older
(mean age, 70.3 years) to determine serum sodium levels at baseline, they detected 399 patients
with mild hyponatremia (mean serum sodium level, 133.4 mEqg/L) and There was higher rate of
prior falls at baseline in hyponatremic patients when compared with people with a normal serum
sodium level (23.8% vs 16.4%, respectively; P < .01). there was also higher rate of incident non
vertebral fractures noted over 7.4 years of mean follow-up in patients with hyponatremia than in
people without hyponatremia (23.3%vs 17.3%, respectively; P <.004) [26]

In elderly patients with chronic hyponatremia falls are a common ED presentation. There are
studies which suggest hyponatremia will cause osteoporosis which can cause fractures and fall
down injuries. A low sodium level has an effect on bone resorption and also inhibits
osteogenesis. Due to this reason Hyponatremia is a secondary cause of osteoporosis and bone
fractures. The risk of this condition will increase with the severity of hyponatremia. [25,27,28]

Severe but Chronic hyponatremia can have symptoms. In a prospective study, they engaged 298
patients with serum sodium level less than 125 mEg/L. From them 96% were chronic
hyponatremia. The symptoms that they identified were nausea (44%), vomiting (30%), confusion
(30%), headache (27%), and seizures (5%). seizures occur more for patients with serum sodium
levels less than 110 meq/l. [29]

In ED serum glucose level should be determined when we get a hyponatremia patient in order to
rule out hyperosmolar hyponatremia [30]. If available an ion-selective electrode should be used
when sodium is determined in order to avoid the occurrence of pseudo hyponatremia, which
occurs when there is a high lipid and protein levels.[31] Other important laboratory
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investigations will be serum osmolality, creatinine, urea, Thyroid stimulating Hormone, serum
cortisol level and urine analysis.[32]

The management of severe and/or acute hyponatremia is challenging. The European clinical
practice guideline suggests the immediate infusion of 150 ml of 3 % sodium chloride (NaCl)
solution over 20 minutes for moderately severe symptoms or severe symptoms. It also
recommends repeating another dose if it doesn’t increase the serum sodium level by 5 mmol/l.

[2]

For mild to moderate symptoms the American guideline suggest a 2 ml/kg administration of 3%
NaCl, with preferable rapid intermittent bolus. [33]

Generally the serum sodium level should be checked after 6-12 hours after initial treatment and
symptomatic relief. And the determination should be continued on a daily basis. In acute
symptomatic conditions the daily maximum serum sodium correction should be 8-10 mmol/l. [2]

For chronic hyponatremia and asymptomatic patients the management should rely on the volume
status of the patient. If the patient is hypovolemic hyponatremia it’s recommended to start
isotonic crystalloids with 20ml/kg/24 hours. [34,35] For hypervolemic hyponatremia fluid
restriction can suffice.[2] If the clinical condition of the patient allows us, it’s better to withhold
the diuretics, especially thiazide diuretics and other drugs that can induce hyponatremia. [32]

The concept of using an oral hypertonic saline for treatment of hyponatremia comes from
marathon runners.in 2011 there was Prospective randomization trial which was done in Western
States (161 km) Endurance Run, California. 47 finishers were screened and found to have
exercised associated hyponatremia at the race end. 8 of them were randomized into the
intervention protocol. The serum sodium in only the intravenous (IV) group changed
significantly (from 130.8 to 134.6 mmol/L) over the 60 minutes post administration. But there
was no similar effect demonstrated for the same dose orally. [36]

Another paper in 2020, which was done in Annual long-distance triathlon (3.8-km swim, 180-km
bike, and 42-km run) at Mont-Tremblant, Quebec, Canada successfully randomized 20
participants to receive either an oral (n = 11) or IV (n = 9) bolus of hypertonic saline HTS). After
treatment with 1V, the mean discharge time was 75.8 minutes (SD 29.7) and for the oral
treatment group 50.3 minutes with (SD 26.8) was the discharge time. Serum sodium before and
after treatment were not significantly different in both groups. [37]

A case report which was published in 2014 on Hourly oral sodium chloride for the rapid and
predictable treatment of hyponatremia provided another support to the idea of giving oral saline
for treatment of hyponatremia. A 35-year-old female patient who had an optic chiasm glioma and
ventriculo-peritoneal shunt for hydrocephalus developed acute hyponatremia (sodium 122
mmol/L). She was treated with calculated dose oral NaCl tablets hourly. Predictable and
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successful increase in serum sodium concentration was achieved without clinical significant
complications. [38]

Another prospective observational study was done at Kenyatta National Hospital Main Critical
Care Unit on hyponatremic patients. Table salt had been prescribed. The study involves 40
consenting adult patients who fit the inclusion criteria during the course of their treatment. From
them, 32 patients (80%) had normal sodium levels after 1 or 2 days of table salt administration. 4
patients (10%) had hypernatremia and 4 patients (10%) persisted with hyponatremia despite 2
days of table salt administration. [39]

In resource limited situations where there is no available 3 % NaCl solution, it has been a
challenge in treating hyponatremia. The absence of any standard guideline and evidence in using
the enteral table salt for hyponatremia management doubles the trouble at ED and even in other
critical care settings like intensive care unit (ICU).

To our knowledge there is limited data in our country which show evidence on using enteral
table salt for hyponatremia management. The 2021 Ethiopian standard treatment guideline (STG)
suggests preparing the locally made 3% saline solution using a 2 and half teaspoon enteral table
salt and 500 ml of tap water. The approximate rationale being, there are about 6 gm salts in 1
teaspoon which will have about 2400 mg of sodium. This makes about 104 mmol sodium in 1
teaspoon (tsp) of enteral table salt. When we add 2 and half tsp on 500ml of water, we will get
about 256.5mmol of sodium. Calculating the dose for each individual requires consideration of
the age, weight and sex and giving hourly is needed. [40] But this guideline should be supported
with research based evidence.

The most feared complication of hyponatremia treatment is osmotic demyelination syndrome. Its
common symptom is altered mental status followed by upper motor neuron pattern weakness.

There was a retrospective Observational Cohort Study, where they identified 45 cases of ODS
(mean age 48.4 years, range 0.07 -- 75 years; 58% female patients). Common comorbidities
included liver disease (27%, n = 12), alcoholism (44%, n = 20), and kidney failure (20%, n = 9).
From them, Twenty-nine percent of patients had a rapid correction of hyponatremia. [41]
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The theoretical framework, assumptions and Tikur Anbessa specialized hospital (TASH) ED practice

Theoretical perspective of this study is trying to prepare the enteral table salt solution as a 3 %
solution. After a locally made 3 % solution is prepared it will be calculated for each individual
based on the Edelman equation and will be given hourly to potentiate the GI absorption.

Step 1: Solution preparation

According to the Ethiopian Standard treatment guideline (STG), 1 teaspoon of enteral table salt
has 104 mmol sodium chloride (Nacl). [15] When 2 and half teaspoon is mixed with 500ml of
water, there will be 260 mmol of Nacl in 500ml solution, which makes 520 mmol of Nacl in
1000 ml, which is approximate to the standard 3 % solution which has 513.5 mmol in 1000 ml
solution.

Step 2: Calculation of the solution

1) Finding the change in sodium level.
We used the simplified calculation formula of Edelman equation [42]
A [Na+] =Na infuscate — Na current/ TBW+1

Where A [Na+] = change in sodium level
Na infuscate = amount of sodium that the infuscate will have
Na current= the patient current serum sodium level

2) Determine the rate of correction (mmol/day)

3) Calculate the amount of solution that will be given per hour
Solution per hour= 1000ml *rate of correction/ A [Na+]

Step 3 : Giving the calculated dose hourly

Assumption of the theoretical framework

Each individual has a normal absorptive capacity.
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Research objective

To determine the effectiveness of using a hourly based calculated dose of 3 % locally made table
salt solution in the treatment of acute or/and symptomatic hyponatremia at the emergency
department of a resource limited settings.

Specific objectives

o To demonstrate the prevalence and medical profiles of severe hyponatremia patients in
the emergency department of resource limited settings.

o To assess the efficacy of oral 3% enteral table salt for the management of severe
hyponatremia in patients presenting to emergency department of resource limited
settings.

o To identify the incidence of treatment associated side effects from the use of locally made

enteral table salt for the management of severe hyponatremia in emergency departments
of resource limited settings.

o To identify factors associated with poor outcomes in the use of oral 3% enteral table salt

for the management of severe hyponatremia in patients presenting to emergency
department of resource limited settings.
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Methodology
Study Area
The study conducted in Tikur Anbessa Specialized hospital (TASH) which is located in

Addis Ababa city, the capital city of Ethiopia, located in the central part of Ethiopia at 9°
1" 48" north and 38° 44’ 24" east a total population of 5,227,794, with geographical
coverage of 540 km2(31). TASH is located in the Lideta sub-city and has a total of 600
physicians.

Study Period
A retrospective 1 year Data from July 1 2023 G.c. to June 30 2024 G.c was collected and

analyzed.

Study Design

The study was a cross sectional retrospective study

Population
Target Population

The outcomes of the study aim are to be extrapolated to infer about all patients with
Acute and/or symptomatic hyponatremia in low resource settings who would need to be
treated with an hourly calculated dose of locally made oral 3% saline solution.

Source population

The study population will be sourced from patients who came from July 1 2023g.c to
June-30 2024g.c in the emergency department of TASH.

Study population

All patients who came to the Emergency Department of TASH and who have acute
and/or symptomatic hyponatremia and have been treated with a calculated dose of locally
made 3 % saline in the study period.

Inclusion criteria
e All confirmed acute and/or symptomatic hyponatremia which have been treated with the
locally made 3% enteral table salt solution in the determined months.
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The solution should be prepared per STG guideline (2 and Y2 tea spoon and 500ml of
water.)
The calculated dose should be given hourly based.

Exclusion criteria

Age <13
Those who didn’t have the repeated serum sodium level at least within 48 hours.
Hyponatremia which is caused by hypervolemia (dilutional hyponatremia)

Sampling frame/Unit

Sample size

n = Mxd-pm -
d (N-1)+Z p(1—p)

The sample size is determined by using the formula for single population proportion
estimation formula.

Patients who are kept in emergency department is estimated to be 1000, considering
(1)ED prevalence of hyponatremia to be 3% [3-6], makes 30 patients per month. If 1/3 of
patients have been involved in the usual trend of hyponatremia management, it makes 10
patients per month. This makes 120 patients per 12 months.

The sample was calculated by assuming a Confidence interval of 95%, 5% margin of
error.

n = sample size with finite population correction

N= size of target population = 120

Z-z-score-1.96 (1)

d - margin of error- 0.05

p — estimated proportion of patients with Normally corrected range at day-1 post
management, since there is no previous study, we took= 50%

n - Sample size- 114

Non-response rate is takenas 10%  114*(1/1-NR)= 127

The sample size calculated for the secondary outcomes were similar with that of the
primary outcome. (due to absence previous study on this perspective)

Study Instruments
A questionnaire was instituted to collect patients data from their chart and their first
follow up after discharge from the hospital through Electronic medical record (EMR).

Sampling procedures

The study selected patients with simple random sampling from patients who have been kept
at the emergency department of TASH who have Acute and/or symptomatic
hyponatremia and who have been treated with a hourly based calculated dose of locally
made 3 % enteral saline solution.
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Data Collection Procedures

For this research, 2 data collectors and 1 supervisor, who are physicians and experts in
the subject matter, were appointed. The data collection was executed using a pre-tested
structured questionnaire, developed by reviewing various relevant literatures aligned with
the study objectives. The questionnaire comprised closed-ended questions addressing
socio-demographic characteristics, initial and serial electrolyte findings, and factors
potentially influencing the results. The collected data was meticulously organized and
analyzed by the principal investigator, ensuring that participants' identities remained
confidential and were not disclosed to any third party.
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Data collection steps
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Figure 2: Data collection steps for the research.
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Quality Control

To ensure the credibility and reliability of data in the study on "Prevalence, Management
Outcome of Severe and/or Symptomatic Hyponatremia using Locally Made Enteral Table Salt
Solution with its Associated Factors in Resource-Limited Setup,” multiple quality control
measures were implemented throughout the process. A pre-test on 10 patients not part of the
main study was conducted to evaluate the research tool’s clarity, relevance, and
comprehensibility, leading to necessary adjustments. Two data collectors were trained thoroughly
on the study objectives, research tool, and data collection techniques, with an emphasis on
maintaining confidentiality and adhering to ethical guidelines. During data collection, regular
supervision ensured adherence to protocols, addressing challenges, and maintaining data quality.
The research team reviewed the data for completeness, consistency, and clarity, providing
feedback as necessary. These measures minimized biases, errors, and discrepancies, thereby
enhancing the study's credibility and reliability.

Quality control regarding the Laboratory Test

TASH uses advanced laboratory machines for analyzing electrolytes and renal function tests. It
uses a Siemens dimension brand which has an ion-selective electrode (ISE) method with
auto-analyzers. It’s one of the best laboratories in the country that’s accredited by Ethiopian food
and medicine control authority (EFMCA).

Data Analysis

Data Collection and tallying were made and put for subsequent analysis into the statistics
software SPSS version 26. First descriptive data analysis was done. We apply a normality test to
understand the study type. Our data were abnormally distributed. So for the inferential statistics
part we apply a non-parametric study.

We utilized the Related-Samples Friedman's Two-Way Analysis of Variance by Ranks to
evaluate the effectiveness of the enteral table salt solution. The further inferential data analysis
part involved using the Independent-Samples Kruskal-Wallis Test to examine the impact of
hypokalemia on different patient factors. We also employed the Independent-Samples
Mann-Whitney U Test to analyze the effect of Day 1 and Day 2 serum sodium levels on different
ODS symptoms .we also performed factor analysis through regression to examine the influence
of initial serum potassium levels, Day 1, day 2 serum sodium level and different ODS features.
We also analyzed survival rates using the Kaplan-Meier curve to evaluate the association
between serum sodium correction and patient mortality.
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Operational definition

Locally made 3 % saline = a solution which is prepared by using 2 and Y2 of enteral
table salt and 500 ml of tap water.

Safe = correcting the hyponatremia with 8-10 meg/day and with no clinical features of
overcorrecting related complications.

Effectiveness = the percentage of patients with expected rise in serum sodium level
within 24 and 48 hours duration.

Hyponatremia: Sodium level below 135 mmol/L

Hypernatremia: Sodium level above 155 mmol/L

Acute onset = hyponatremia that occurs within 48 hours duration

Symptomatic = acute or chronic hyponatremia with significant neurologic symptoms.
Normally corrected (per-anticipated)= correction of hyponatremia by 4-12 meqg/day for
acute hyponatremia and 4-8 meg/day for chronic hyponatremia.

Overcorrected= correction of hyponatremia by > 12 meg/day for acute hyponatremia and
> 8 meg/day for chronic hyponatremia.

Undercorrected= correction of hyponatremia < 4 meg/day for both acute and chronic
hyponatremia.

Data Management

Data entry was done using EPI info. After data entry, cleaning was handled by the principal
investigator.

Study

Variables

Independent variables

Age

Sex

Baseline Serum sodium levels

Time of arrival to ED since the onset of the illness
Underlying Primary diagnosis

Comorbidities of the patient

Amount of locally made 3 % saline solution used.
Baseline potassium level

Dependent variables

Serum sodium level after 24 hours since treatment started
Serum sodium level after 48 hours since treatment started
Symptoms associated with the treatment complications.
Effectiveness in correction of hyponatremia
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Ethical Consideration

The study was conducted after ethical clearance was obtained from the ethical Institutional
Review Board (IRB) of the Addis Ababa University. Then, data was collected after getting an
official letter of permission from the IRB office of the respective hospital. Patient’s
confidentiality was kept strictly. The analysis and subsequent dissemination of the research
findings will be made in accordance with the ethical code and guidance of the ethical review
committee Confidentiality was assured for the information provided by using an individual
coding system, and questionnaires did not have any personal identifiers.

Result

There were 13,920 patients who came and were evaluated at ED of TASH from July 1 2023 G.c.
to June 30 2024 G.c. An initial serum electrolyte was sent and collected for 12,680. Which
makes for 91.1 % of patients which came in ED serum electrolyte was sent, among them 808 had
severe hyponatremia which makes 5.8 % of total ED patients.

The total patients that were involved for subsequent study were 148. Among them 45.9 % were
females and 54.1 % were male. The patient’s age ranged b/n 15 to 87 with a median of 45 (IQR=
28).

Constituent 1: Initial diagnosis and comorbidities of patients

Half of patients were diagnosed to have sepsis on the initial evaluation of patients. And cancer
and diabetes (DM) were the commonest comorbidity associated with the patients. Cancer
accounts for 23 % of total patients while DM took 20.3 % (Table 1).
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Table 1: initial diagnosis and comorbidity of patients

Comorbidities Freqguency Percent
Cancer (oncology patients) 34 23%
Diabetes mellitus (DM) 30 20.3%
Hypertension 13 8.8%
HIV 10 6.8%
Chronic liver Disease (CLD) 2 14%
Systemic Lupus Erythematous 2 1.4%
(SLE)

Bronchial Asthma 1 0.7%
Hypothyroidism 1 0.7%
Old stroke 1 0.7 %
None of any comorbidities 53 35.8 %
Principal Diagnosis Freguency Percent
Sepsis 74 50 %
Meningitis 16 10..8 %
Tuberculosis (TB) 10 6.8 %
Stroke 9 6.1 %
Acute Gastroenteritis (AGE) 8 54 %
Multiple Electrolyte 8 54 %
Abnormalities

Severe Dyspepsia 5 3.4%
Bowel Obstruction 3 2%
Shock 3 2%
Intracranial hemorrhage (ICH) 3 2%
Brain Abscess 1 0.7 %
Coma sec to? 1 0.7%
Invasive Aspergillosis 1 0.7%
Visceral Leishmaniasis (VL) 1 0.7%
Infective Endocarditis (IE) 1 0.7%
Peripheral Arterial Disease 1 0.7%
(PAD) pneumocystis carinii

pneumonia (PCP) 1 0.7%
Subarachnoid Hemorrhage 1 0.7%
Dengue Hemorrhagic Fever 1 0.7%
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Constitute 2: Hyponatremia symptoms during ED presentation

Among total patients 32.4 % had either mild hyponatremia symptoms, 25.7 % severe symptoms
and 33.8 % patients had chronic symptoms. From acute symptoms Nausea and vomiting took
the leading percentage (16.2 %) while generalized weakness is the most common one from
chronic symptoms. (Table 2)

Table 2: symptoms of severe hyponatremia

Acute Symptoms Frequency Percent
Nausea and Vomiting | 36 16.2 %
Confusion 27 12.2 %
Coma 25 11.3%
Headache 23 10.4 %
Seizures 14 6.3 %
Drowsiness 4 1.8 %
None of Acute 93 41.9%
Symptoms

Chronic symptoms | Frequency Percent
Weakness 47 26.7 %
History of Falls 19 10.8 %
Vertigo 12 6.8 %
None of chronic symptoms | 98 55.7 %

Constitute 3: Initial and subsequent laboratory results

Based on the initial laboratory results, the median serum sodium level among patients was 118
mmol/L (IQR= of 10 mmol/L), this shows that there is a minimal variation. In contrast, the initial
urea levels had a median of 35 mg/dL (IQR of 25 mg/dL) reflecting greater variability in kidney
function at baseline

On Day 1, the median serum sodium level was 127 mmol/L (IQR= of 14 mmol/L), showing
a notable increase from the baseline serum level.

By Day 2, the median level further rose to 132 mmol/L with an IQR of 13 mmol/L, indicating a
gross increment of serum sodium level after the initiation of the management.
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From the total patients, 39 (26.4 %) had hypokalemia, 107 (72.3 %) had normal potassium levels
and only 2 (1.4 %) hyperkalemia range.

Table 3: Serum sodium level at different time distribution

Serum sodium

Initial serum sodium
Day-1 serum sodium

Day 2 serum sodium

Median
118
128

132

Interquartile range

Range

(I0R)
10

8

8

35

64

65

Constitute 4: the Local table salt and its effectiveness

The day 1 total amount of 3% locally made enteral table salt solution intake shows a median of
720 ml ( IQR of 110ml) and on day 2 median amount was 600ml ( IQR=380 ml). When we
evaluate the Day 1 and Day 2 serum sodium levels after they took the 3 % enteral table salt
solution 13 patients (8.8 % ) were under-corrected, 99 patients (66.9 %) achieved normal
correction as anticipated and 36 patients (24.3 %) were overcorrected.

Table 4: Total enteral table salt solution used

Total amount

(ml/24hours)

day-1

day 2

Total amount used on

Total amount used in

Median (ml/24hr)

720

600

IOR (ml/24hr)

240

285

Range

600

840
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Constitute 5: frequency of Osmotic Demyelination Syndrome (ODS) symptoms after
treatment initiation

Following the initiation of management, some patients developed ODS symptoms. The most ~ common
symptoms observed after treatment initiated were vomiting, that was reported in 7.6% of patients, and
diarrhea, seen in 6.4% of patients. The other symptoms noticed were seizure, abnormal posturing and
nystagmus.

Table 5: ODS symptoms after treatment

ODS symptom Freguency Percent
Vomiting 13 7.6%
Diarrhea 11 6.4%
Worsening from baseline

consciousness level 8 4.7 %
Seizure 3 1.8%
Abnormal posturing 6 3.5%
(movement disorder)

Nystagmus 1 0.6 %
No any symptoms 129 75.4 %

Constitute 6: Effectiveness of giving 3 % enteral table salt solution hourly in severe and/or
acute hyponatremia management

The locally made enteral table salt solution effectively alters serum sodium levels from the initial
measurement to Day 1 and Day 2 measurement. Since we have a three serial serum sodium level
(initial, day-1 and day-2), it was tested by Related-Samples Friedman's Two-Way Analysis of
Variance by Ranks. This shows a highly statically significant p-value (0.000). This indicates that
using a 3 % enteral table salt solution hourly is effective in reaching the targeted serum sodium
level after 24-48 hours.
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Figure 3: Friedman’s two way analysis of variance by rank

Constitute 6: EFFECT of serum potassium level on Management of hyponatremic patients

There is a significant association between the initial serum potassium level and the overall outcome of
severe and/or acute hyponatremia management in our study. Using the Independent-Samples
Kruskal-Wallis Test, we found that hypokalemia notably impacts Day 1 serum sodium levels, showing
greater variability (p <.001). And it also has a significant effect on Day 2 serum sodium level (P<0.005).
There was a statistically very significant association with the ODS symptoms too. Generally Patients with
mild ODS symptoms are more likely to exhibit hypokalemia (p <0 .001) and also for severe ODS
symptoms which it shows (p<0.013).
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Symptoms

W After treatment initiated, patient has elther of this symptoms?/Deterioration in consciousness
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W Acute symptoms/drowsiness
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Initial serum potassium level
N

No Yes

1=Hypokalemia
2= Normal serum potassium level

3= hyperkalemia

Figure 4: the combined graph of Independent-Samples Kruskal-Wallis Test between different ODS
symptoms and serum potassium level.

Constitute 7: Factor Associated with Hyponatremia management

Factors that affect Day 1 and Day 2 serum sodium level and their impact on ODS
symptoms

Day 1 and Day 2 serum sodium values can be significantly influenced by initial serum potassium
levels (Day 1: B = -7.012, p < .001; Day 2: B = -6.432, p < .001). The presence of drowsiness
among initial acute symptoms of hyponatremia was significantly associated with higher serum
sodium levels on both Day 1 (B = 11.198, p =.002) and Day 2 (B = 8.240, p = 0.053).
Furthermore, among chronic symptoms of hyponatremia, a history of falls was significantly
associated with higher Day 2 serum sodium levels (B =5.192, p = 0.026).

29



There is a significant association between Day 1 and Day 2 serum sodium levels with various
ODS symptoms in our result. Using the Independent-Samples Mann-Whitney U Test, we found
that Day 1 serum sodium levels significantly impact mild ODS symptoms (p = 0.008) and are
highly associated with convulsions (p = 0.040). Meanwhile, Day 2 serum sodium levels showed
a significant effect on mild ODS symptoms (p = 0.005).

Factors associated with overcorrection

Overcorrection was highly associated with the patient’s lower initial serum sodium level
(aOR=0.912, CI=0.860,0.966) and hypokalemia(aOR=0.008 , CI1=0.002,0.031). It’s slightly
associated with the total day-1 3 % solution amount (aOR=1.005 CI=1.001, 1.008).

Patients who had overcorrection were more prone to develop mild and severe ODS symptoms.

Table 6: factors associated with overcorrection

Factors p-value Adjusted Odds ratio Cl
initial serum sodium level | p < .001 0.912 0.860, 0.966
potassium level p <0.001 0.008 0.002 & 0.031
total day 1 3 % solution | p <.001 1.005 1.001, 1.008
Amount

day 1 serum sodium level | p <.001 1.185 1.098, 1.280
day 2 serum sodium level | p <.001 1.109 1.048,1.173
mild ODS symptoms p <.001 16.022 6.194, 41.443
severe ODS symptoms p <.001 8.770 2.134, 36.035
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Factors those are associated with under correction

From our study the most statically significant factor that we get for under correction was the total
amount of 3 % solution that was taken on day-1 (aOR=0.995, C1=0.0991, 0.998). Patients who had
undercorrection were more associated with Death (aOR=9.825, CI1=1.927, 50.106). But this wide range of the
Cl can tell us indirectly that this association may be caused by a chance or indicates the small sample size.

Table 7: factors associated with undercorrection.

Clinical condition Adjusted Odds ratio p-value 95 % ClI

total amount 3 % 0.995 p <.001 0.991, 0.998
solution intake on

day-1

day 1 serum 0.819 p <.001 0.743, 0.903
sodium level

day 2 serum 0.839 p <.001 0.767,0.917
sodium level

Death 9.825 p <.001 1.927 - 50.106

Factors associated with ODS Symptoms

Mild ODS symptoms was associated with  hypokalemia (P-value >0.001,
aOR=6.929,C1=2.904,16.530), initial serum sodium level (P-value= 0.016, aOR=0.933,
CI1=0.8810,0.987) and overcorrection(p < .001, aOR=16.022 CI=6.194, 41.443). severe ODS
symptoms were associated with hypokalemia ( P-value=0.021 aOR=4.773 CI=1.27 , 17.942) and
overcorrection (P-value p <.001, aOR=8.770, C1=2.134, 36.035).
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Association of Death with correction rate

Out of the total patients, 7 passed away, representing 4.7%. This mortality data is crucial for
understanding the outcomes and effectiveness of the treatment administered. To determine
whether the correction rate is associated with mortality, we used a Kaplan-Meier curve to
illustrate the cumulative hazard of different correction rates over time. The cumulative hazard
increases more sharply for the under-corrected group compared to the overcorrected and
normally corrected groups. This indicates that under-correction was associated with a higher
mortality rate than the overcorrection and normal correction groups.

Hazard Function

0s correction rate

—undercorrected
_—normally corrected (per-

anticipation)

+ —overcorrected

0.4

undercorrected-censored

normally carrected (per-
—+ anticipation}-censored
—t+—= overcorrected-censored
03

CumHazard

0z

0.1

0.0 t t +

Time to event

Figure 5: Kaplan Meier curve of Correction rate over death.
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Discussion

Using an hourly based calculated dose of 3 % table salt enteral solution is effective in managing
the acute and/or symptomatic hyponatremia in resource limited setup. When we evaluate the
Day 1 and Day 2 serum sodium level, 13 patients (8.8 %) were under-corrected, 99 patients (66.9
%) achieved normal correction as anticipated and 36 patients (24.3 %) were overcorrected. When
this was tested by Related-Samples Friedman's Two-Way Analysis of Variance by Ranks, it
shows a highly statically significant p-value (0.000).

In this study, the anticipated bias was, selection bias considering the retrospective cross sectional
nature of the study, we clearly defined the target population and random sampling methods were
used to define the sampling frame. Information bias was another anticipated challenge. To reduce
this bias, we utilized a standardized and validated data collection tool. Additionally, we
employed the triangulation method, using multiple data sources such as patient charts, electronic
medical records (EMR), and laboratory results to ensure comprehensive and accurate data
collection.

There is not much data regarding the prevalence of severe hyponatremia in emergency
departments of resource limited areas. From western’s data the prevalence of severe
hyponatremia in the emergency department was about 0.3%-0.92[43-44]. This is significantly
lower than our study which is 5.8%. The possible reason for such a profound difference might be
because most of our patients are critically ill, with/out comorbidities which might have been on
different diuretic medications. But to know the exact reason another research study should be
done focusing on causes of severe/profound hyponatremia in resource limited setup.

The median age of hyponatremic patients in our study was 45(1QR= 28). This is significantly
lower than the previous study, which shows higher prevalence of severe hyponatremia in older
age groups (1.9% vs. 0.3%, p < 0.001). (44)

In previous studies there was a significant association between the prevalence of hyponatremia in
sepsis patients which is 69.47% (n=95), but there was no evidence of association with severe
hyponatremia [45]. In our study 50 % of patients were associated with sepsis but there was no
statistically significant evidence of association with the outcome of septic patients. The other
patients 10.8 % had meningitis and 6.8 % was diagnosed to have Active Tuberculosis (TB)

Among comorbidities which are associated with severe hyponatremia that have been determined
from previous research were 67 % was hypertension, 15 % had congestive heart failure, 21 %
had chronic renal failure 28 % were determined to have pulmonary disease.[46] In our study
oncologic patients were the most common one which took 23 %. Followed by diabetes mellitus

33



(20.3%), hypertension 8.8% that is significantly different from the previous studies. The major
reason for this significant difference might be TASH is the only referral center for most oncology
patients and it’s one of the few oncology centers in the country, which makes most patients visit
the ED of this hospital. . And it’s common to refer such patients to the emergency department
from the oncologic clinic and ward whenever they have complications.

There are various studies regarding the symptoms of hyponatremia for patients with
moderate-severe level Na(120-130 mmoles/L) who usually present with nausea, emesis and
abdominal cramps [47, 48]

With profound acute hyponatremia (below 115 mmoles/liter) central nervous system (CNS)
manifestations will predominant with the commonest one being weakness, lethargy, restlessness,
confusion, delirium and impaired mentation [49] the other severe acute manifestations can be
abnormal body movement such as muscular twitching and seizure [50, 51, 52, 53, 54]

For chronic hyponatremia the top neurological presentation has been focal weakness,
hemiparesis, ataxia and Babinski sign [47, 49, 52]. Patients with chronic symptoms have also
been presented with generalized weakness and falling injury. The comparison study regarding
history of falling when it compared with people normal serum sodium levels were significantly
high (23.8% vs 16.4%, respectively; P < .01) [55]. In our study 32.4 % had either of mild
hyponatremia symptoms, 25.7 % severe symptoms and 33.8 % patients had chronic symptoms.
Among the acute symptoms Nausea and Vomiting were the leading ones (16.2 %) followed by
confusion (12.2 %) and coma (11.3 %). This is comparable with the previous studies. Among
chronic manifestations, generalized weakness (26.7%) and patients with a history of falls (10.8
%) were the commonest symptoms.

There is significant evidence that supports the effectiveness of standard 3 % IV saline in treating
severe and/or acute hyponatremia management. For example in one of the case series where they
used a standard 3 % saline solution for treatment of severe hyponatremia, they include 71
episodes of hyponatremic encephalopathy in 64 patients.[56] Their mean initial sodium level was
114.1+0.8 (SEM) mEqg/L. they were following their patients at 3, 12, 24, and 48 hours. The
solution was able to increase their serum sodium level to 117.9+1.3, 121.2+1.2, 123.9+1.0, and
128.3+0.8 mEq/. When we try to compare from our result and if we take the initial serum sodium
level, day 1 serum sodium level and day 2 serum sodium level it will be 114.1+0.8 (SEM),
123.9+1.0 and 128.3+0.8 mEq/ respectively[56]. This is comparable with our study where the
median and IQR of the initial, day-1 and day-2 serum sodium levels are 118 (IQR=10), 128
(IQR=8) and 132(IQR=8) respectively. This can imply that using a locally made calculated dose
enteral table salt solution has a comparable effect in treating severe and/acute hyponatremia in
resource limited set up.

Another study that tries to see the effectiveness of enteral table salt for treatment of
hyponatremia in ICU states that 80 % (32/40) patients had normal sodium levels within 2 days.
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Where 10 % (4/40) patients had hypernatremia and another 10 % had hyponatremia. In their
study the mean change in sodium level was 5.5 % and 6.8 % on day 1 and day 2 serum sodium
level respectively. (39) In our study the main focus was whether our enteral local solution is
effective in getting the desired correction rate. Normal correction was defined in our study for
acute hyponatremia to be 8-10 mmol, and for chronic symptomatic hyponatremia it was 4-6
mmol. Overcorrection was defined as a correction rate higher than 10 mmol/day for acute one
and if it exceeded 8 mmol/day for chronic one. Undercorrection was defined for both cases if the
correction rate is less than 4 mmol/day. Based on that definition our result shows that 99 patients
(66.9 %) achieved normal correction as anticipated and 36 patients (24.3 %) were overcorrected
and 13 patients (8.8 %) were under-corrected. This was analyzed using a non-parametric test,
Related-Samples Friedman's Two-Way Analysis of Variance by Ranks and it shows a highly
significant p-value (0.000). This shows that the 3 % locally made enteral table salt solution is
statically effective in altering the initial serum sodium level and can be used for treatment of
severe and/acute hyponatremia management in resource limited settings.

One study shows the use of the predictive equation using a standard 3 % IV solution. They used
a formula by Rose BD. It resulted in an appropriate correction for most patients. In one study
where they used a predictive equation for calculating a 3 % standard solution, it demonstrated a
good correction rate. It showed that 84.7% had a normal correction rate whereas 14.3% had
under-correction and 1 % had overcorrection. Factors that were determined as risk factors for
overcorrection were low BMI and low serum [K], and were also significantly associated with the
appropriate correction of hyponatremia in this study. (57) in our study where we were applying a
predictive equation using Edelman Equation and we had slightly lower under-correction rate than
them (8.8 % vs 14.3%) where their overcorrection rate was significantly lower than our study. (1

% vs 24.3 %).

In another retrospective single-center cohort study that was done in patients admitted to the ICU
with serum sodium < 120 mmol/L between 1 January 2017 and 8 March 2023. They involved
181 patients from electronic data and their overcorrection rate was 34% at 48 hours. The
identified risk for the overcorrection was, initial severe symptoms (seizures/arrhythmias) and
lower admission sodium concentration. (58) In our study, multivariate logistic regression model
was used and it shows overcorrection is associated with initial potassium level (OR=0.008,ClI
(0.002, 0.031)), total amount of solution on day 1 (OR=1.005,CI (1.001, 1.008)) and initial
serum sodium level (OR=0.912, CI=(0.860, 0.966)).

There was a significant association between the overcorrection rate and ODS symptoms in our
study. Generally for mild ODS symptoms overcorrection (OR=16.022 CI=6.194, 41.443) and
initial serum potassium level (Independent-Samples Kruskal-Wallis Test shows p value of
P<0.005) were the most predictive factors. It was also slightly affected by day 2 total amount of
3% enteral table salt solution administered (p = 0.015, OR = 0.998). For severe ODS symptoms
overcorrection (OR=8.770, C1=(2.134,36.035)) and initial potassium level (Independent-Samples
Kruskal-Wallis Test shows p value of, p<0.013) were the predictors. There are a range of studies
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regarding the correlation of ODS with rate of correction. One study in rats showed a stronger
correlation of ODS with the rate of correction [59]. Others explain that the correlation is more
with the magnitude of correction [60]. Whereas other claims that both rate and magnitude has
effect on ODS development [61, 62, 63, 64] the other explanation was that overcorrection has
more impact on chronic hyponatremia management than the acute one [65]. More recent studies
explain that ODS to be rare and unrelated to overcorrection rate.[66] In our study the patients
were treated with the solution once the treating team believed that it’s acute or chronic severe
hyponatremia. The major decision for the treatment was based on the level of severity of
symptoms, profoundness of the initial serum sodium level and duration (acute). Since there were
a good number of patients with chronic hyponatremia (33 %) which might have an impact on the
association of overcorrection with ODS symptoms. The other risks include those with alcohol
abuse, concomitant hypokalemia, malnutrition and liver disease [67]. There is no association
between overcorrection and death in our study. This is similar to most other studies. In one of the
studies where they analyzed a total of 412 patients, the rate of overcorrection was 27.9%. But
overcorrection was not associated with in-hospital mortality [68]. This same study shows that
21.1% had under corrected, and under correction was associated with an increase in hospital
length of stay. (9.3 days; 95% CI, 1.9-16.7 days)[68].

There is scarcity of previous studies on possible risk for under correction in severe hyponatremia
management. In one of the study determined increase body weight (> 100 kg) as major factor for
under-correction (OR 5.11, 95% CI 1.35-19.29).[69] on another study avoidance of hypertonic
saline (aOR, 2.52; 95% CI: 1.12-5.66; p=0.029) and having neuropsychiatric disorder (aOR,
2.60; 95% CI: 1.10-6.11; p=0.025) were associated with under-correction.[70] In our study the
day 1 total amount of the solution was the statically significant risk factor for
undercorrection.(OR=0.995 CI=(0.991, 0.998)).

In our study undercorrection was significantly associated with mortality (OR=9.825, Cl= (1.927
- 50.106). Important to note that the CI is wide, that indicates uncertainty regarding the true
value of the odds ratio. Possible reasons for it might be small sample size or a large amount of
variability in the data. Overall there is a statistically significant association between death in the
hospital and the undercorrection, but the magnitude of the effect is uncertain. The Kaplan Meier
curve also increases more sharply for the under-corrected group compared to the overcorrected
and normally corrected groups. This indicates that under-correction was associated with a higher
mortality rate than the overcorrection and normal correction groups. This result has similarity
with some of previous studies. In the previous study that we mentioned, there was a significant
association between death and under-correction (aOR=6.68 Cl= (2.00 -- 22.32))[70].
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Limitation of the study

Considering the retrospective nature of the study there might be inconsistently documented data

which might affect reliability of the study. There were different unmeasured confounding
variables in the study (daily diet, nutritional status of the patient, BMI and other parameters)
which might affect the result of the study. We had a small sample size which can affect the
precision of the estimates. Since we didn't have a control group, it's difficult to determine the
relative effects of each exposure that makes it difficult to draw a cause and effect relationship
between variables.

Conclusion

The prevalence of severe hyponatremia in resource limited setup is higher than the western’s
data(5.8 % vs 0.92).Using 3 % locally made enteral table salt solution is effective in treatment of
severe and/acute hyponatremia management in resource limited settings (Related-Samples
Friedman's Two-Way Analysis of Variance by Ranks p-value (0.000)). Calculating the solution
using Edelman Equation is essential and effective for the management by reducing the risk of
overcorrection (normal correction rate=66.9 %). Overcorrection was associated with initial
potassium level (OR=0.008,CI (0.002, 0.031)), total amount of solution on day 1 (OR=1.005,ClI
(1.001, 1.008)) and initial serum sodium level (OR=0.912, CI=(0.860, 0.966)). Using a day 1
lower amount of locally made solution was a significant risk factor for under-correction (OR=
0.995 CI=0.991, 0.998).

For both mild and severe ODS symptoms overcorrection and initial serum potassium level were
statically significant predictor. There was no association b/n the ODS symptoms and rate of
death. There was no correlation between the principal diagnosis and comorbidities of patients
with the deaths. Undercorrection was the only statically significant component for the deaths in
the study.

Recommendation

We can consider giving a calculated locally made 3 % enteral table salt for patients with severe
and/or acute hyponatremia management in resource limited settings where there are challenges in
obtaining standard 3 % hypertonic solution. But a further and higher level of study is warranted,
possibly an RCT that will compare our enteral table salt solution with the standard 3 %
hypertonic solution.

In resource-limited settings where standard 3% hypertonic solutions are unavailable,
administering a calculated, locally made 3% enteral table salt solution could be a viable option
for managing severe and/or acute hyponatremia. However, further investigation is warranted.
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Annex : data collection tool

Date

1 Age in years

2 Sex

3 Principal diagnosis

Known comorbidities

5 Acute symptoms Yes
Nausea and vomiting
Confusion

Headache
Drowsiness
Comal/altered GCS
Seizures

6 Chronic symptoms
Weakness

Vertigo

History of falls

7 Serum sodium level
initially

day 1

day 2

8 Initial serum potassium level
Less than 3.5

3.5t055

Greater than 5.5

9 Initial RFT
Creatinine
BUN

43



10 | Total amount of locally made 3% salt intake
(per tsp)
Day 1
Day 2

12 | Correction rate (per-anticipation)

13 | Is there a diagnosis of ODS by the treating
physician after hyponatremia treatment

14 | After treatment initiated does patient have this
symptoms?
Vomiting
Diarrhea
Deterioration in consciousness
Convulsion
Abnormal  posturing or  movement
Nystagmus

15 | Length of stay (discharge time duration)

16 | Death within hospital
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