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ABSTRACT

Hyponatremia is defined as the serum sodium concentration is less than 135 meq [1]. Hyponatremia is the most noticeable
electrolyte abnormality in hospitalized patients, which may lead to seizures, prolonged hospitalization and result in an increased
rate of mortality. The treatment of hyponatremia is contentious since it was found in the early 1980s that rapid correction of
hyponatremia can lead to central pontine myelinolysis and hyponatremia can cause brain damage if not corrected rapidly .
Moreover, current studies proved that tolvaptan can improve the treatment outcomes of hyponatremia patient suffering from acute
and chronic heart failure, liver disease and end-stage kidney disease This is a prospective observational study was conducted for a
period of three months at a tertiary care teaching hospital. Hyponatremia were found in some patients at the time of admission as
well as in the hospital stay. Based on volume status of the patient, all the patients are treated with 3% NaCl and Tolvaptan. 100 ml
of 3 % saline or 15 mg of Tolvaptan was given for the identified population .In 377 number of patients monitored, 79 patients have
found sodium level less than 135 meq/l. . By comparing the efficacy in increasing serum sodium level, NaCl proved to be more
effective than tolvaptan, but on concerning safety, the patients’ treated with NaCl reported more adverse drug reactions than oral
tolvaptan. The major drawback of our study was the limited sample size and not monitoring the serum sodium level at 72hrs and
urine osmolality which was shown to have an importance in selecting the choice of treatment to prove the efficacy.The hypertonic
saline as well as arginine vasopressin inhibitor Tolvaptan are effective in correcting hyponatremia. They are selected based on the
fluid characteristics of the patients. In spite of the infusion site reactions the hyponatremia correction rate was more with 3 % saline
compared to Tolvaptan.

INTRODUCTION 1980s that rapid correction of hyponatremia can lead to central

pontine myelinolysis and hyponatremia can cause brain
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antidiuretic hormone (ADH) and non-osmotic stimuli such as
volume depletion, pain, stress, administration of hypotonic
fluids mayalso be a cause of hyponatremial4l.The hyponatremia
can be measured by calculating the serum and urinary sodium
concentration and osmolality [51. Eventually hyponatremia was
treated with hypertonic saline [6. The treatment of
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directly combats elevated ADH level. This medication is

commonly used to treat hypervolemic or euvolemic _
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hyponatremia associated with congestive heart failure, hepatic
cirrhosis or SIADH [11. 12, and 13] Moreover, current studies proved
that tolvaptan can improve the treatment outcomes of
hyponatremia patient suffering from acute and chronic heart
failure, liver disease and end-stage kidney diseasel(12l. The current
study evaluate the outcome difference in the hyponatremia
treatment with sodium chloride and Tolvaptan. Antidiuretic

hormone(ADH) SIADH: Syndrome of Inappropriate Antidiuretic

Hormone.
METHODOLOGY

A prospective observational study was conducted for a period
of threemonths at a tertiary care teaching hospital. Study has
the clearance from institutional ethical committee of Karuna
Medical College Vilayodi, Palakkad. All the patients having age
more than 30 years regardless of the gender developed or

admitted with hyponatremia are included in the study.

A specially designed data collection form was used to collect
necessary information’s such as demographic details, serum
sodium level, treatment provided and associated ADE. All the

data are collected by the clinical pharmacist of the hospital.

Serum sodium of the all patients was monitored by reviewing
the electronic medical record and patients with Serum sodium
level into

falling below 135 meq were categorized

hyponatremia.

The various management strategies for hyponatremia were
analysed by monitoring the medication chart. Types of
correction method were recorded and their outcomes
measured in the elevation in serum sodium concentration for

the first 24 and 48 hour are compared with baseline value.

Adverse drug event associated with the drug used to treat
hyponatremia were also monitored to find out the risk with the

treatment strategy.
STATISTICAL ANALYSIS

Serum sodium concentration at 24hr and 48 hr after the
treatment was determined and compared against the baseline

serum sodium concentration.
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Statistical analysis was done with IBM SPSS software version
22.20. The collected data was entered in MS Excel 2007 for
calculating the percentages. Continuous variables were
expressed in Mean * SD. And the changes in the serum sodium

concentration was analysed using students paired t test.

RESULTS

Hyponatremia were found in some patients at the time of
admission as well as in the hospital stay. Based on volume status
of the patient, all the patients are treated with 3% NaCl and
Tolvaptan. 100 ml of 3 % saline or 15 mg of Tolvaptan was given

for the identified population.

In 377 number of patients monitored, 79 patients have found
sodium level less than 135 meq/l. The identified populations are
admitted in various specialities sucah as General medicine,
surgery department.Based on the disease severity they are

triaged in to ward, high dependency unit and critical care units

From the analysis it is identified that majority (66%, n=52) of the
diseased population have more than 70 years old and for only
6.35 % of the study population are fall under 30-50 years
category.Based on the volume status or type of hyponatremia the
population were categorised into hypervolemia hyponatremia
and hypovolemic hyponatremia. Because of the fluid restriction
and comorbid condition of the patients the treatment IV saline is
given for the hypovolemic hyponatremia and and oral Tolvaptan

was administered to hypervolemic hyponatremia patients.

Almost 70 % (n=52) of the affected population are male and 27
numbers are female. When comparing the type of hyponatremia
developed in the two gender groups, Hypovolemic hyponatremia
are more prevalent in elderly patients (greater than 70years) and

hypervolemic hyponatremia in 30 - 50 years.
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Table 1: OCCURRENCE OF HYPONATREMIA

Table 2: Increase in serum

Hypovolemic Hypervolemic Serum sodium
Age in groups 3% NaCl Tolvaptan
hyponatremia hyponatremia concentration
30 - 50 years 2 3 Baseline sodium 123.11£2.50 123.51+2.29
50 - 70 years 13 9 After 24hours 129.31+3.1 127.42+1.6
Greater than 70 ) 25 After 48 hour 134.23+2.65 132.02+1.01
7
years
Sodium concentration
Mean age + SD 74.8+15.34 75.95+£14.15
After 24hour 6.19+0.6 3.91+0.69
After 48hour 11.12+0.15 8.51+1.28
For more than 50 % of the population, hypertonic saline was
. . . . P value <0.0001 <0.0001
administered were as for 37 patients arginine vasopressin

inhibitor Tolvaptan was administered. There is no mean
difference in the number of saline treated population and

Tolvaptan treated group.

After the administration of corrective measures the rise in sodium
level in the first 24 hr and 48 hr are compared from the baseline
sodium level of the individual patients. The mean baseline sodium
levels of the patients were same in two portion of the population.
It is found that in the first 24 hr the effectiveness of saline and
Tolvaptan are differing, the mean rises in the saline group are
6.19 meq/ day and 3.9 meq/ day for Tolvaptan group. Similarly
after 48 hrs 11.12 meq/day and 8.51 meq /day elevation were
observed for saline and Tolvaptan group respectively. When
comparing the total rise serum concentration in saline group 55.6
% rise were found in the day 1 but only 45.88 % rise observed

with one day therapy with Tolvaptan.

Total rise in serum sodium level (mean 19.63 meq/48hr) were
analysed in total population, in which 56.66% of this fall in
patients treated with saline treated and only 43.33 % rise in
obtained in Tolvaptan treated group. There is a significant
difference (p<0.001) in the rise in serum level on the day one of

therapy as well as in the day two or the therapy.
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Adverse drug reactions are developed after the administration of
oral Tolvaptanas well as IV 3%NaCl. The identified reactions are
thrombophlebitis; swelling, itching and thirst. Thirst is the only
ADE observed in the Tolvaptan treated population and it was
developed in 11.6% percentage of the treated population. But 3%
saline administered population developed ADE in which
thrombophlebitis is more prevalent, secondly swelling ( 21.3% )

and itching (12.1%) at the injection site.

DISCUSSION

According to Ewout J. Hoorn et al [14] hyponatremia is a water
balance disorder and have difficulty in the diagnosis and treatment.
The hypertonic saline and vaptans are the mainstay treatment of

choice for the hyponatremia in acute and chronic settings.

Even if there is not clear evidence to the relation between the age
and the prevalence of hyponatremia, Robert C. Hawkins et al [15]
conducted a study in different population groups and found that
the occurrence of hyponatremia is more prevalent in elderly
patients > 60 years of age with 18% of the hyponatremia
population. Similarly in this current study 18.5 % of the total
admitted population had hyponatremia and anincrementin the age

in 10 years, 65 % of the hyponatremia population have more than
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or equal to 70 years of age. This evidence was supported by the

study of Sood et al [161 found that as goes up the risk of
hyponatremia also increases with mean age 62.25 * 17.7 years but

in the current study the mean age was bit higher(74.8+15.34).

The serum level increment achieved after the administration of

corrective measures. Vilapurathu et al [17] conducted a
comparative study on effectiveness Tolvaptan and 3 % saline found
that a significant effect is achieved with both populations. With a p
value of < 0.001 significant difference improvement with
hypertonic saline than the Tolvaptan part of the study. Similarly in
the current study similar significance was observed with mean
elevation of 11.12 % in the saline population and 8.51 % in the
Tolvaptan group. On a daily base evaluation study conducted by
Pulak et al [18] in Post-operative hyponatremic population found
that after 24 hour correction with hypertonic saline achieved 3.9
meq elevation and after 48 hours 3.1 meq elevation. But in the
Tolvaptan group from the baseline after 24 hours 2.5 meq and 3.8
meq elevations achieved after 48 hours. When representing the rise
in meq after 24 hrs, 7 meq in 3 % saline groups and 5 meq in

Tolvaptan gropup and after 48 hrs 11meq and 8 meq respectively.

By comparing the efficacy in increasing serum sodium level, NaCl
proved to be more effective than tolvaptan, but on concerning
safety, the patients’ treated with NaCl reported more adverse drug
reactions than oral tolvaptan. When evaluating the safety profile of
the therapy hypertonic saline induced ADR are more against the
oral arginine vasopressin antagonist. In 18.1 % of the population
developed ADR with Tolvaptan in heart failure patients, a study
conducted by the Koichiro Kinugawa et allél and the identified
reactions are thirst, hypernatremia, renal dysfunction, liver
dysfunction. Within first 3 days 6.8% of the population developed
thirst. When comparing with the above study the thirst is the only
ADE developed with the Tolvaptan population and itis 11.6 %, very
less than the compared study. Koichiro found that majority of the
ADE developed within days of therapy, but only few ADR’s are
identified by this study.

Dangerous systemic episodes are not identified in the study but
peripheral ADE are more prevalent than the Tolvaptan for
hypertonic saline. Phlebitis identified in 50% of the population and
others erythema and edema are 25 % in study conducted by Dilon

C et al 7], similarly in the current study population treated with 3%
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saline 66.6% population had phlebitis and others reactions in

33.4%.

Thus both the drugs shows a good impact in treatment in
hyponatremia, in which 3 % NaCL shows a significant increase in
sodium concentration while the patients have more risk to occur
adverse drug reactions, while tolvaptan can be used if the patients
cannot withstand the adverse drug reactions occur along with it
also shows increase in sodium concentration. Studies conducted by
Pulak et al 118 have also commented on the risk and efficacy of NaCl
and Tolvaptan.

The major drawback of our study was the limited sample size and
not monitoring the serum sodium level at 72hrs and urine
osmolality which was shown to have an importance in selecting the

choice of treatment to prove the efficacy.

CONCLUSION

The hypertonic saline as well as arginine vasopressin inhibitor
Tolvaptan are effective in correcting hyponatremia. They are
selected based on the fluid characteristics of the patients. In spite of
the infusion site reactions the hyponatremia correction rate was
more with 3 % saline compared to Tolvaptan, but later also showed
a progressive improvement in the correction of hyponatremia with

minimum adverse effects.

REFERENCES

1. Joy MS, Hladik GA. Disorders of sodium water calcium and

phosphorous homeostasis. In: Dipiro JT, Talbert RL, Yees CG,
Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy: A
Pathophysiologic Approach. McGraw Hill, Medical Publishing
Division; 2005. pp. 937-67. [Google Scholar]

2. Zenenberg RD, Carluccio AL, Merlin MA. Hyponatremia:

Evaluation and management. Hosp Pract (1995) 2010;38:89-
96. [PubMed] [Google Scholar]

3. Hyponatremia: The Merck Manuals: The Merck Manual for

Healthcare Professionals. [Last accessed on 2013 Aug 04].
Available

from: htt www.merckmanals.com/proessional /print/sec
12/ch156/ch156d.html .
jprinfo.com


https://jprinfo.com/
https://scholar.google.com/scholar_lookup?title=Pharmacotherapy:+A+Pathophysiologic+Approach&author=MS+Joy&author=GA+Hladik&publication_year=2005&
https://www.ncbi.nlm.nih.gov/pubmed/20469629
https://scholar.google.com/scholar_lookup?journal=Hosp+Pract+(1995)&title=Hyponatremia:+Evaluation+and+management&author=RD+Zenenberg&author=AL+Carluccio&author=MA+Merlin&volume=38&publication_year=2010&pages=89-96&pmid=20469629&
http://www.merckmanals.com/proessional/print/sec/12/ch156/ch156d.html
http://www.merckmanals.com/proessional/print/sec/12/ch156/ch156d.html

Amala T.A, etal. J Pharm Res, 2020; 9(4):19-24

10.

11.

12.

13.

14.

15.

Moritz ML, Ayus JC. The pathophysiology and treatment of
hyponatraemic encephalopathy: An update. Nephrol Dial
Transplant. 2003;18:2486-91. [PubMed] [Google Scholar]

Craig S, Schraga ED. Hyponatremia in emergency

medicine. Medscape. [Last accessed on 2013 Jul 10]. Retrieved

from: http://www.emedicine.medscape.com/article/767624-

overview .

De Vivo P, Del Gaudio A, Ciritella P, Puopolo M, Chiarotti F,
Mastronardi E, et al. Hypertonic saline solution: A safe
18%
Anestesiol. 2001;67:603-611[PubMed] [Google Scholar]

alternative to mannitol in neurosurgery. Minerva

Norenberg MD, Leslie KO, Robertson AS. Association between
rise in serum sodium and central pontine myelinolysis. Ann

Neurol. 1982;11:128-35. [PubMed] [Google Scholar]

Kleinschmidt-DeMasters BK, Norenberg MD. Rapid correction
of hyponatremia causes demyelination: Relation to central
pontine myelinolysis. Science. 1981;211:1068-
70. [PubMed] [Google Scholar]

Verbalis ]G, Goldsmith SR, Greenberg A, Schrier RW, Sterns

RH. Hyponatremia treatment guidelines 2007: Expert panel
recommendations. Am ] Med. 2007;120:S1-
21. [PubMed] [Google Scholar]

Hyponatremia, Clinical Key; Elsevier. [Last accessed on 2013
Jul 10]. Retrieved

from htt www.clinicalkey.com /topics/nephrolo

tremia.html#sectionTreatmentManagement.

Dixon MB, Lien YH. Tolvaptan and its potential in the treatment
of hyponatremia. Ther Clin Risk Manag. 2008;4:1149-55. [PMC
free article] [PubMed] [Google Scholar]

Reilly T, Chavez B. Tolvaptan (Samsca) for hyponatremia: Is it
worth its salt? P T. 2009;34:543-7. [Google Scholar]

Schrier RW, Gross P, Gheorghiade M, Berl T, Verbalis ]G,
Czerwiec FS, et al. Tolvaptan, a selective oral vasopressin V2-
Engl ]

receptor for

Med. 2006;355:2099-112. [PubMed] [Google Scholar]

antagonist, hyponatremia. N

Ewart J.Hoorn, Robert Zieste. Diagnosis and treatment of

hyponatremia:compilation of the guidelines. Journal of
American society of nephrology.2017 may;28(5):1340-1349.

Robert ¢ Hawkins. Age and gender as risk factors for
hyponatremia and hypernatremia. Clinica Chimica Acta. 337

(2003) 169-172

© 2020, JPR. All Rights Reserved

https:

16.

17.

18.

19.

Nikhil Sood, Kailash Nath Sharma, Pratibha Himral, Tarun
Sharma,Dhiraj Kapoor Clinical profile of patients with
hyponatremia in a tertiary care hospital in the Sub-Himalayan
region Journal

2020;9:834-838

of Family Medicine and Primary Care

Vilapurathu JK, Rajarajan S. A prospective study to compare the
clinical efficacy of tolvaptan with 3% hypertonic saline solution
in hospitalized patients having hyponatremia.] Res Pharm

Pract. 2014;3:34-6. [PMC ___ free _article] [PubMed] [Google

Scholar]

Pulak Tosh, Sunil Rajan, Dilesh Kadapamannil, Nandhini
Joseph, Lakshmi Kumar Efficacy of Tolvaptan Vs3%hypertonic
saline for hyponatremia in post-operative patients Indian ]
Anaesth 2017;61:996-1001

Koichiro Kinugawa . Naoko stao et al. Real-World Effectiveness
and Tolerability of Tolvaptan in Patients With Heart Failure —
Final Results of the Samsca Post-Marketing Surveillance in

Heart Failure (SMILE) Study. Circulation journal.1346-9843.

jprinfo.com


https://jprinfo.com/
https://www.ncbi.nlm.nih.gov/pubmed/14605269
https://scholar.google.com/scholar_lookup?journal=Nephrol+Dial+Transplant&title=The+pathophysiology+and+treatment+of+hyponatraemic+encephalopathy:+An+update&author=ML+Moritz&author=JC+Ayus&volume=18&publication_year=2003&pages=2486-91&pmid=14605269&
http://www.emedicine.medscape.com/article/767624-overview
http://www.emedicine.medscape.com/article/767624-overview
https://www.ncbi.nlm.nih.gov/pubmed/11731749
https://scholar.google.com/scholar_lookup?journal=Minerva+Anestesiol&title=Hypertonic+saline+solution:+A+safe+alternative+to+mannitol+18%25+in+neurosurgery&author=P+De+Vivo&author=A+Del+Gaudio&author=P+Ciritella&author=M+Puopolo&author=F+Chiarotti&volume=67&publication_year=2001&pages=603-11&pmid=11731749&
https://www.ncbi.nlm.nih.gov/pubmed/7073246
https://scholar.google.com/scholar_lookup?journal=Ann+Neurol&title=Association+between+rise+in+serum+sodium+and+central+pontine+myelinolysis&author=MD+Norenberg&author=KO+Leslie&author=AS+Robertson&volume=11&publication_year=1982&pages=128-35&pmid=7073246&
https://www.ncbi.nlm.nih.gov/pubmed/7466381
https://scholar.google.com/scholar_lookup?journal=Science&title=Rapid+correction+of+hyponatremia+causes+demyelination:+Relation+to+central+pontine+myelinolysis&author=BK+Kleinschmidt-DeMasters&author=MD+Norenberg&volume=211&publication_year=1981&pages=1068-70&pmid=7466381&
https://www.ncbi.nlm.nih.gov/pubmed/17981159
https://scholar.google.com/scholar_lookup?journal=Am+J+Med&title=Hyponatremia+treatment+guidelines+2007:+Expert+panel+recommendations&author=JG+Verbalis&author=SR+Goldsmith&author=A+Greenberg&author=RW+Schrier&author=RH+Sterns&volume=120&publication_year=2007&pages=S1-21&pmid=17981159&
http://www.clinicalkey.com/topics/nephrology/hyponatremia.html#sectionTreatmentManagement
http://www.clinicalkey.com/topics/nephrology/hyponatremia.html#sectionTreatmentManagement
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2643096/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2643096/
https://www.ncbi.nlm.nih.gov/pubmed/19337422
https://scholar.google.com/scholar_lookup?journal=Ther+Clin+Risk+Manag&title=Tolvaptan+and+its+potential+in+the+treatment+of+hyponatremia&author=MB+Dixon&author=YH+Lien&volume=4&publication_year=2008&pages=1149-55&pmid=19337422&
https://scholar.google.com/scholar_lookup?journal=P+T&title=Tolvaptan+(Samsca)+for+hyponatremia:+Is+it+worth+its+salt?&author=T+Reilly&author=B+Chavez&volume=34&publication_year=2009&pages=543-7&
https://www.ncbi.nlm.nih.gov/pubmed/17105757
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Tolvaptan,+a+selective+oral+vasopressin+V2-receptor+antagonist,+for+hyponatremia&author=RW+Schrier&author=P+Gross&author=M+Gheorghiade&author=T+Berl&author=JG+Verbalis&volume=355&publication_year=2006&pages=2099-112&pmid=17105757&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4078649/
https://www.ncbi.nlm.nih.gov/pubmed/24991634
https://scholar.google.com/scholar_lookup?journal=J+Res+Pharm+Pract&title=A+prospective+study+to+compare+the+clinical+efficacy+of+tolvaptan+with+3%25+hypertonic+saline+solution+in+hospitalized+patients+having+hyponatremia&author=JK+Vilapurathu&author=S+Rajarajan&volume=3&publication_year=2014&pages=34-6&pmid=24991634&
https://scholar.google.com/scholar_lookup?journal=J+Res+Pharm+Pract&title=A+prospective+study+to+compare+the+clinical+efficacy+of+tolvaptan+with+3%25+hypertonic+saline+solution+in+hospitalized+patients+having+hyponatremia&author=JK+Vilapurathu&author=S+Rajarajan&volume=3&publication_year=2014&pages=34-6&pmid=24991634&

Amala T.A, etal. J Pharm Res, 2020; 9(4):19-24

Article Citation:

Authors Name. Amala T.A, A Prospective Comparison Study on The Effectiveness Of 3% Saline and Tolvaptan In
Hyponatremia. JPR 2020;9(4): 19-24
DOI: https://doi.org/10.5281/zenodo.3833870

© 2020, JPR. All Rights Reserved
https://jprinfo.com


https://jprinfo.com/



