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I N T R O D U C T I O N
Hyponatremia, defined as a serum sodium level below 135 mEq/L, 
is one of the most common electrolyte imbalances encountered in 
clinical practice [1]. The estimated prevalence of hyponatremia at 
initial presentation is 22% in acute hospital care, meanwhile, the 
prevalence of hyponatremia in the ICU is estimated to be between 
21% and 30% [2-4]. Furthermore, the coexistence of hyponatremia 
with several disease states such as heart failure (17% of outpatients) 
and cirrhosis (49.4% of patients) has been documented [5,6]. Increas-
ing age has also been proven as an independent strong risk factor for 
developing hyponatremia [2]. The exact incidence and prevalence 
of hyponatremia varies according to multiple factors such as the 
definition of hyponatremia, the frequency of testing, the healthcare 
setting, and the nature of the patient population [7].

Hyponatremia is clinically significant because it  increases inpa-
tient morbidity and mortality, especially in the intensive care unit 
(ICU). It has been reported as an independent risk factor for a poor 
prognosis [8].  Furthermore, severe hyponatremia (serum Na<125 
mmol/L) has been shown to double the risk of in-hospital mortality 
(RR 2.10; P <0.001) [9].

In addition to its impact on patient health outcomes, hyponatremia 
significantly raises the economic burden by increasing hospital costs 
in general, as well as ICU admission rates and length of stay [10-13].
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PAT H O P H Y S I O L O G Y
Hyponatremia is characterized by excessive free 
water relative to total  sodium content.  Serum 
sodium is a major determinant of serum osmolar-
ity, as shown in the serum osmolarity equation: 

Osmolarity = 2(Na) + glucose/18 + BUN/2.8

Because urea moves freely across the cell mem-
brane, it does not affect water movement between 
compartments and,  therefore,  is  not  a part  of 
serum tonicity: tonicity = 2(Na) + glucose/18.

Serum osmolari ty is  maintained in the range 
of 275 - 295 mOsm/kg; thirst  is  st imulated to 
increase water intake if serum osmolarity reaches 
295 mOsm/kg. Serum sodium is t ightly regu-
lated by the thirst response, antidiuretic hormone 
(ADH), and the kidneys. The normal physiologic 
response to hyponatremia is  to enhance renal 
water excretion (i.e. ,  to dilute the urine). This 
results in low urine osmolarity (<100 mOsm/L) 
and the correction of hyponatremia. Renal water 
excret ion,  however,  depends on three major 
factors: normal kidney function, the absence of 
antidiuretic hormone (ADH), and normal thyroid 
and adrenal functions. In patients with hypona-
tremia, in the absence of renal insufficiency or 
endocrinopathy (i.e.,  hypothyroidism or adrenal 
insufficiency), the presence of diluted urine (U. 
Osm < 100 mOsm/L) signifies the absence of 
ADH; this can be seen in low solutes intake or 
excessive water intake.

Concentrated urine (U. Osm > 100 mOsm/L) in 
patients with hyponatremia indicates elevated 
ADH.  Importantly, elevated ADH is ‘appropri-
ate’ in the presence of reduced effective arterial 
blood volume (EABV), such as hypovolemia, 
congestive heart failure, or cirrhosis. Pain, med-
ications,  stress,  hypoxia,  and malignancy can 
result  in an ‘inappropriate’ elevation of ADH 
(i .e. ,  SIADH). Furthermore,  nausea generally 
causes inappropriate ADH secretion, while vom-
iting causes volume depletion and appropriate 
ADH secret ion.  Urine volume is  reduced in 
SIADH, and hyponatremia only develops when 
water intake exceeds the urine electrolytes free 
water clearance.  This can be due to abnormal 
thirst response in SIADH.

Urine sodium can be used to differentiate appro-
priately elevated ADH secondary to low EABV 
(U. Na <20 mOsm/L) from inappropriately ele-
vated ADH (U. Na >30 mOsm/L). However, i t 
will  not always differentiate between the two 
states if there is ongoing salt wasting.

C L I N I C A L 
M A N I F E S TAT I O N S 
O F  H Y P O N AT R E M I A
Hyponatremia can be classif ied according to 
severity into mild (Na 130-135 mEq/L), moder-
ate (Na 125-129 mEq/L), and severe (Na <125 
mEq/L). It may also be acute in onset (<48 hours) 
or chronic (>48 hours) [14]. Hyponatremia can 
manifest  in various ways,  and i t  is  crucial  to 
distinguish between the signs and symptoms of 
acute and chronic clinical presentations. Acute 
hyponatremia is characterized by the onset of 
symptoms with sodium levels dropping to 125 
mmol / l  o r  less  wi th in  48  hours .  Typica l ly, 
pat ients  with a history of  excessive thirst  or 
access to electrolyte-free water sources, such as 
hypotonic IV solutions, may exhibit symptoms 
of low serum sodium levels. However, accurately 
diagnosing this condition can be difficult due to 
the patient’s nonspecific symptoms and lack of 
baseline readings [19].  This can make it  chal-
lenging to distinguish between acute and chronic 
forms of the condition.

The symptoms of hyponatremia include nausea, 
vomiting, cognitive impairment, confusion, sei-
zures, noncardiogenic pulmonary edema, coma, 
and death. The severity of the symptoms depends 
on the level of sodium in the blood [19]. Both 
chronic and acute forms of hyponatremia can 
impact the brain [14]. Acutely, it  can result in 
cerebral  edema, which can manifest  as visual 
changes, focal neurologic changes, encephalop-
athy, respiratory depression, seizures, or even 
death due to brain herniation [20]. The severity 
of symptoms is  determined by the magnitude 
and onset of the drop in sodium concentration. 
If the drop is significant, less than 120 mmol/L, 
and occurs rapidly within a few hours, it  can be 
life-threatening. [26].

In  cases  of  chronic  condi t ions ,  b ra in  ce l l s 
undergo a process called adaptation [14]. During 
this process, the neuroactive substance glutamate 
is lost ,  leading to a decrease in the release of 
excitatory neurotransmitters. This can result in 
gait  instabili ty and reduced reflexes,  increas-
ing the risk of falls in chronically hyponatremic 
patients [26].

When correcting hyponatremia, it  is important 
to do so slowly to prevent the negative conse-
quences of rapid correction. The main concern 
with rapid correction is its effect on the brain. 
When brain cells suddenly experience an increase 
in extracellular tonicity due to adaptation, it can 
lead to osmotic demyelination syndrome (ODS) 
[14]  [26] .  The severi ty  of  symptoms associ -



RESEARCH REVIEW ARTICLE JORDANIAN AMERICAN PHYSICIANS ACADEMY JOURNAL

Issue 004 | March 2024 3

ated with this syndrome can be devastating. If 
symptoms do occur, they typically manifest sev-
eral days after initial improvement. Symptoms 
include quadriparesis ,  dysarthria,  dysphagia, 
pseudobulbar  palsy,  seizures,  locked-in syn-
drome, coma, and even death [26].

D I A G N O S T I C  A P P R O A C H 
T O  H Y P O N AT R E M I A
D I A G N O S I S  -  Diagnosing and treating hyponatre-
mia may pose a challenge for healthcare profes-
sionals. A careful review of the history, physical 
examination, and laboratory tests is crucial to 
establish the underlying cause of hyponatremia 
[16]. The history should explore electrolyte-rich 
fluid loss, nutritional habits (e.g., low solutes or 
excessive water intake), medications, and pain. 
[17,18]. Assessment of circulatory blood volume 
by physical examination is insensitive and can be 
helpful only in severe cases of volume depletion 
(e.g., resting tachycardia, postural hypotension, 
etc). 

Evaluation of hyponatremia should always start 
by assessing serum osmolarity; ‘true’ hypona-
tremia is associated with low serum osmolarity. 
Because the serum is 93% water (contains sol-
utes such as sodium) and 7% lipids and proteins, 
expansion of the nonaqueous serum (electrolytes 
exclusion) by hyperlipidemia or hyperprotein-
emia results in falsely low serum sodium mea-
surement when dilution of samples is required 
before analysis (e.g. ,  indirect potentiometry). 
This ‘pseudohyponatremia’ is  usually present 
with normal serum osmolarity. 

When serum osmolarity is elevated due to the 
presence of osmotically active molecules (e.g., 
hyperglycemia), fluid shift into the intravascular 
space results in lower measured serum sodium, 
this  is  referred to as  di lut ional  or  t ransloca-
tional hyponatremia.  [Table 1].  Before deter-
mining extracellular f luid volume, measuring 
urine osmolarity is  essential  to determine the 
presence of ADH [19]. Diluted urine (U. Osm < 
100 mOsm/L) narrows the differential diagnosis 
to low solute intake (tea and toast syndrome), 
and excessive water intake (e.g. ,  psychogenic 
polydips ia  or  beer  potomania) .  In  contras t , 
concentrated urine with U. Osm >100 mOsm/L 
confirms elevated ADH. The next step is to deter-
mine if elevated ADH is appropriate (e.g.,  due 
to low EABV) from inappropriate ADH. Low 
urine sodium (U. Na <20 mmol/L) could be an 
indication of appropriately elevated ADH sec-
ondary to low EABV; however, this could also be 
a result of low sodium intake. In addition, high 
urine sodium can be due to IV fluid and does not 
exclude hypovolemia.

Figure 1. Hyponatremia management approach

Diagnostic Criteria Interpretation

Serum Osmolality (mOsm/kg H2O)
hYPERTONIC (>295) Severe hyperglycemia with dehy-

dration; mannitol
iSOTONIC (280-295) Hyperglycemia; pseudohypona-

tremi
hYPOTONIC (<280)   SIADH; heart failure; cirrhosis
Urine osmolality (mOsm/kg)
High(>=100)             Vasopressin-dependent cause of 

hyponatremiA
Low(<100 Vasopressin-independent  cause 

of hyponatremia   
Urine sodium (mmol/l)
High (>=30) Diuretics, cerebral and renal salt 

wasting, SIADH, 
                                                                                            
Primary adrenal insufficiency, 
Hypopituitarism  

Low  (<30) Heart or liver failure, polydipsia, 
non-Renal Sodium
                                                                                            
loss, true volume depletion

Serum uric acid
Low SIADH, renal salt wasting, acute 

volume expansion

Table 1. Diagnostic criteria and interpretations.

H2O :water; kg :kilogram; L : liter; mmol : millimole; mOsm: 
milliosmole; SIADH: syndrome of inappropriate antidiuretic 
hormone secretion
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A thorough medical history should include a care-
ful review of medications (e.g., diuretics, antide-
pressants, etc), recent symptoms (pain, nausea, 
vomiting, diarrhea,  etc),  and chronic medical 
illnesses (e.g.,  cirrhosis, CHF, etc). A physical 
examinat ion can help ident i fy  hypervolemia 
secondary to cirrhosis or CHF (e.g., JVD, asci-
tes, peripheral edema) and severe hypovolemia 
(tachycardia, postural orthostasis, etc). Labora-
tory tests are required; while elevated levels of 
BUN, creatinine, and BUN-to-creatinine ratio 
may suggest hypovolemia, it is important to note 
that high protein intake and glucocorticoids can 
also affect these levels. 

Measuring urinary sodium excretion is a more 
useful test. In cases of hypovolemic hyponatre-
mia, urine sodium is less than 20 to 30 mmol/L 
unless the kidneys are the cause of hyponatremia 
[22].  For individuals taking diuretics,  higher 
urinary sodium excret ion and fract ional  uric 
acid excretion can identify hypovolemia [23]. 
In uncertain cases,  confirming the diagnosis 
through volume expansion (i .e. ,  desalination) 
can be helpful .  For  those with  hypovolemic 
hyponatremia, a 0.5 to 1 L infusion of isotonic 
(0.9%) NaCl can be initiated; this method should 
reduce the release of ADH, causing the excretion 
of diluted urine (U. Osm <100 mOsmol/L) and 
correct hyponatremia quickly. Because sodium 
excretion in the urine is regulated by aldosterone 
(not ADH), in patients with SIADH (high urine 
osmolality), infusion of the isotonic fluid (0.9% 
saline) causes excretion of the sodium load in 
hypertonic urine and reabsorption of the free 
water,  leading to worsening of hyponatremia 
[24].

The diagnosis of SIADH can be established in 
hypotonic hyponatremia (P.  Osm <275 mOs-
mol/L), concentrated urine (U. osm >100 mOs-
mol/L) with normal renal function, high urine 
sodium concentration (>20-30 mmol/L), and the 
absence of thyroid, adrenal, or kidney disease. 
It is not recommended to use vasopressin levels 
for the diagnosis of SIADH. Additionally, rou-
tine imaging should not be used for the routine 
evaluation of the condition [15].

Congestive heart failure and cirrhosis can cause 
an increase in extracellular fluid (ECF) volume 
and hypervolemic hyponatremia. Excess volume 
can be detected through physical examination. 
In addition, echocardiography can help assess 
the diameter of the inferior vena cava; similarly, 
direct measurement of the central venous pres-
sure can be used to rule out intravascular volume 
depletion. [15]

M A N A G E M E N T  O F  H Y P O N AT R E M I A  - Treatment 
of hyponatremia in the ICU necessitates a del-
icate balance between swift correction in acute 
cases and cautious management in chronic cases 
to prevent neurological complications like cere-
bral edema and osmotic demyelination syndrome 
(ODS). Patients with malnutrition, alcoholism, 
and prolonged use of  diuret ics  are  at  higher 
risk of developing ODS. The treatment options 
span a spectrum depending on factors such as 
the underlying cause, severity of hyponatremia, 
symptoms of CNS dysfunction, and extracellular 
fluid volume status [26]. 

Asymptomatic patients with mild hyponatremia 
generally do not require urgent intervention [14]. 
The approach to correcting symptomatic hypona-
tremia involves increasing sodium levels by 1-2 
mmol/L/h until symptoms improve, with a rec-
ommended increase of no more than 6-8 mmol/L 
in 24 hours to prevent ODS [14] [19] Patients 
exhibiting severe manifestations necessitate the 
administration of hypertonic (3%) saline, deliv-
ered at a calculated rate of approximately 1 mL/
kg/hour during the initial treatment phase. [14] 
When hypertonic saline is administered, simulta-
neous DDAVP ‘clamp’ ensures more predictable 
slow correction of serum sodium. 

In instances of seizures or impending brain her-
niation, a more aggressive approach is advised, 
involving a higher rate of 2-3 mL/kg/hour or 
rapid infusion of a 50-mL bolus, followed by a 
controlled infusion of 200 mL over 4-6 hours, 
utilizing 3% saline. Upon successful resolution 
of severe symptoms, discontinuation of 3% saline 
is recommended. Subsequent therapeutic inter-
ventions should be discerningly initiated, consid-
ering the nuanced factors of the patient’s volume 
status and the underlying causative factors of 
hyponatremia.  [14].  The underlying cause of 
hyponatremia should be addressed appropriately. 
For those with SIADH, the recommended course 
of action is to implement fluid restriction. Salt 
tablets or urea will increase solute excretion and 
urine volume and will facilitate the correction of 
hyponatremia.

In the case of hypovolemia, isotonic saline is 
adminis te red .  Converse ly,  ind iv idua ls  wi th 
hypervolemia are prescribed a regimen com-
prising both sodium and fluid restriction. The 
use of loop diuretics assists in promoting the 
excretion of water and sodium. Simultaneously, 
efforts should be directed towards optimizing the 
treatment of the underlying hypervolemic disor-
der. Diuretics are prescribed to correct volume 
overload in patients with hypervolemic hypona-
tremia. However, the use of diuretics depletes 
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sodium and predisposes patients to dilutional 
hyponatremia. Volume contraction also increases 
water intake by stimulating thirst and can lead to 
worsening hyponatremia. 

Therefore, diuretics should be used cautiously in 
those patients; serum sodium should be closely 
monitored during diuresis .  Discont inuing or 
reducing the dosage of  diuret ics ,  l i f t ing sal t 
restriction, and prescribing limited fluid intake 
are the basic tools for managing patients with 
heart  fai lure and diuretic-induced hyponatre-
mia. It is advisable to avoid thiazide diuretics in 
such cases, and in selected instances, vasopressin 
receptor antagonists may be considered as part of 
the treatment strategy. [14] A cautious approach 
towards avoiding hypertonic saline is advised.
 
Management of hyponatremia with U. Osm <100 
mOsm/L as seen in beer potomania can be chal-
lenging as profound water diuresis is expected 
when solutes are presented. This carries a risk 
of rapid correction of hyponatremia. Therefore, 
careful monitoring of urine output is essential in 
such patients. In mild cases, fluid restriction and 
close monitoring of serum sodium is the safest 
approach. 

In conclusion,  several  strategies play crucial 
ro les  in  managing  hyponat remia ,  inc luding 
water restriction, salt supplementation, saline, 
and hypertonic saline administrat ion in com-
bination with desmopressin (DDAVP). Careful 
monitoring of patients in the intensive care unit 
is usually recommended in severe cases to ensure 
slow correction of hyponatremia and avoid the 
devastating complications of over-correction.

A U T H O R S ’ 
C O N T R I B U T I O N
Mazen O. Al-Qadi: Study conception and design, 
Leading the project, and mentoring team mem-
bers .Alwatheq  Al i te la t :  Manuscr ip t  wr i t ing 
including Abstract,  Diagnosis,  and monitoring 
and drafting the manuscript.Awwab F. Hammad: 
Manuscr ip t  wr i t ing  inc luding  In t roduct ion .
Hebah Abuhayyeh: Manuscript writing including 
Management. Tala Dabbah: Manuscript writing 
including Clinical manifestations. Mohammad 
Abdeljawad: Critical review of the manuscript.

D I S C L A I M E R
This article was made possible by the support of 
the American people through the United States 
Agency for International Development (USAID). 
The contents are the sole responsibility of the 
authors and do not necessarily reflect the views 
of USAID or the United States Government.



RESEARCH REVIEW ARTICLE JORDANIAN AMERICAN PHYSICIANS ACADEMY JOURNAL

Issue 004 | March 2024 6

R E F E R E N C E S
1

2

3

4

5

6

7

8

9

10

11

12

M. M. BRAUN, C. H. BARSTOW, and N. J. PYZOCHA. Di-
agnosis and Management of Sodium Disorders: Hypona-
tremia and Hypernatremia. Am Fam Physician, vol. 91, no. 
5, pp. 299–307, Mar. 2015. Available: https://www.aafp.
org/pubs/afp/issues/2015/0301/p299.html

R. C. Hawkins. Age and gender as risk factors for hypo-
natremia and hypernatremia. Clinica Chimica Acta, vol. 
337, no. 1–2, pp. 169–172, Nov. 2003. doi: 10.1016/J.
CCCN.2003.08.001.

M. V DeVita, M. H. Gardenswartz, A. Konecky, and P. M. 
Zabetakis. Incidence and etiology of hyponatremia in an 
intensive care unit. Clin Nephrol, vol. 34, no. 4, pp. 163–
166, 1990. [Online]. Available: https://www.ncbi.nlm.nih.
gov/pubmed/2257702

S. Parajuli, S. Tiwari, S. K. Gupta, Y. M. Shakya, and Y. 
L. Shakya. Hyponatremia in Patients Admitted to Intensive 
Care Unit of a Tertiary Center: A Descriptive Cross-sec-
tional Study. JNMA J Nepal Med Assoc, vol. 60, no. 255, p. 
935, Nov. 2022. doi: 10.31729/JNMA.7123.

L. Balling, M. Schou, L. Videbæk, P. Hildebrandt, H. Wig-
gers, and F. Gustafsson. Prevalence and prognostic signif-
icance of hyponatraemia in outpatients with chronic heart 
failure. Eur J Heart Fail, vol. 13, no. 9, pp. 968–973, Sep. 
2011. doi: 10.1093/EURJHF/HFR086.

P. Angeli et al. Hyponatremia in cirrhosis: Results of a 
patient population survey. Hepatology, vol. 44, no. 6, pp. 
1535–1542, Dec. 2006. doi: 10.1002/HEP.21412.

A. Upadhyay, B. L. Jaber, and N. E. Madias. Incidence and 
Prevalence of Hyponatremia. American Journal of Medi-
cine, vol. 119, no. 7 SUPPL. 1, pp. S30–S35, Jul. 2006. 
doi: 10.1016/j.amjmed.2006.05.005.

G. C. Funk et al. Incidence and prognosis of dysnatremias 
present on ICU admission. Intensive Care Med, vol. 36, 
no. 2, pp. 304–311, Feb. 2010. doi: 10.1007/S00134-009-
1692-0/FIGURES/2.

S. L. Bennani et al. Incidence, étiologies et facteurs pro-
nostiques de l’hyponatrémie en réanimation. Rev Med In-
terne, vol. 24, no. 4, pp. 224–229, Apr. 2003. doi: 10.1016/
S0248-8663(02)00811-1.

S. Deitelzweig, A. Amin, R. Christian, K. Friend, J. Lin, and 
T. J. Lowe. Health Care Utilization, Costs, and Readmis-
sion Rates Associated With Hyponatremia. vol. 41, no. 1, 
pp. 89–95, 2015. doi: 10.3810/HP.2013.02.1014.

M. A. Callahan, H. T. Do, D. W. Caplan, and K. Yoon-Flan-
nery. Economic Impact of Hyponatremia in Hospitalized 
Patients: A Retrospective Cohort Study. vol. 121, no. 2, pp. 
186–191, Mar. 2015. doi: 10.3810/PGM.2009.03.1991.

A. Amin, S. Deitelzweig, R. Christian, K. Friend, J. Lin, 
and T. J. Lowe. Healthcare resource burden associated 
with hyponatremia among patients hospitalized for heart 
failure in the US. vol. 16, no. 3, pp. 415–420, 2013. doi: 
10.3111/13696998.2013.766615.

S. Deitelzweig, A. Amin, R. Christian, K. Friend, J. Lin, and 
T. J. Lowe. US patients hospitalized for cirrhosis. Adv Ther, 
vol. 30, no. 1, pp. 71–80, Jan. 2013. doi: 10.1007/S12325-
012-0073-1/METRICS.

E. J. Hoorn and R. Zietse. Diagnosis and treatment of hy-
ponatremia: Compilation of the guidelines. Journal of the 
American Society of Nephrology, vol. 28, no. 5, pp. 1340–
1349, May 2017. doi: 10.1681/ASN.2016101139.

J. G. Verbalis et al. Diagnosis, Evaluation, and Treat-
ment of Hyponatremia: Expert Panel Recommendations. 
Am J Med, vol. 126, no. 10, pp. S1–S42, Oct. 2013. doi: 
10.1016/J.AMJMED.2013.07.006.

Adrogué, H. J., & Madias, N. E. (2012). The challenge 
of hyponatremia. Journal of the American Society of Ne-
phrology, 23(7), 1140–1148. https://doi.org/10.1681/
ASN.2012020128

Yeates, K. E., Singer, M., & Morton, A. R. (2004). Salt and 
water: a simple approach to hyponatremia. CMAJ: Cana-
dian Medical Association journal = journal de l’Association 
medicale canadienne, 170(3), 365–369.

Rose, B.D. and Post, T.W. (2001) Clinical physiology of ac-
id-base and electrolyte disorders. 5th Edition, McGraw-Hill, 
New York. - References - Scientific Research Publishing 
(scirp.org)

Hoorn, E. J., & Zietse, R. (2008). Hyponatremia revisited: 
translating physiology to practice. Nephron. Physiology, 
108(3), p46–p59. https://doi.org/10.1159/000119709

Vaidya, C., Ho, W., & Freda, B. J. (2010). Management 
of hyponatremia: providing treatment and avoiding harm. 
Cleveland Clinic journal of medicine, 77(

 Turchin, A., Seifter, J. L., & Seely, E. W. Clinical prob-
lem-solving. Mind the gap. The New England journal 
of medicine, 349(15), 1465–1469, 2003. https://doi.
org/10.1056/NEJMcps031078

Chung, H. M., Kluge, R., Schrier, R. W., & Anderson, R. J. 
Clinical assessment of extracellular fluid volume in hypo-
natremia. The American journal of medicine, 83(5), 905–
908, 1987. https://doi.org/10.1016/0002-9343(87)90649-8

Fenske, W., Störk, S., Koschker, A. C., Blechschmidt, A., 
Lorenz, D., Wortmann, S., & Allolio, B. Value of fractional 
uric acid excretion in differential diagnosis of hyponatremic 
patients on diuretics. The Journal of clinical endocrinolo-
gy and metabolism, 93(8), 2991–2997, 2008. https://doi.
org/10.1210/jc.2008-0330

SCHWARTZ, W. B., BENNETT, W., CURELOP, S., & 
BARTTER, F. C. A syndrome of renal sodium loss and hy-
ponatremia probably resulting from inappropriate secretion 
of antidiuretic hormone. The American journal of medi-
cine, 23(4), 529–542, 1957. https://doi.org/10.1016/0002-
9343(57)90224-3

Beck L. H. Hypouricemia in the syndrome of inappropri-
ate secretion of antidiuretic hormone. The New England 
journal of medicine, 301(10), 528–530, 1979. https://doi.
org/10.1056/NEJM197909063011005

13

14

15

16

17

18

19

20

21

22

23

24

25



RESEARCH REVIEW ARTICLE JORDANIAN AMERICAN PHYSICIANS ACADEMY JOURNAL

Issue 004 | March 2024 7

Kheetan, Murad, et al. Acute and Chronic Hyponatremia. 
Frontiers in Medicine, vol. 8, 2021. https://doi.org/10.3389/
fmed.2021.693738.

Decaux, G., Musch, W., & Soupart, A. Hyponatremia in the 
intensive care: from diagnosis to treatment. Acta clinica 
Belgica, 55(2), 68–78, 2000. https://doi.org/10.1080/1784
3286.2000.11754274

26

27


