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Abstract 

0bjective: The aim of this study was to ascertain the profile of hypernatremia with an emphasis on the prevalence, 

development, progress and clinical outcomes in hospitalized patients. Materials and Methods: This study was carried 

out at a tertiary care centre in south India from March 2011 to march 2016 and included 175 consecutive hospitalized 

patients who developed hypernatremia during the course of their management. Results: A total of 5558 patients were 

admitted as in-patients of which 175 patients developed hypernatremia resulting in a prevalence rate of 3.14%. The 

majority of patients were males -130 (74.28%) and 57 (32.55%) of the hypernatremic patients were geriatric. The most 

common disease condition of patients who developed hypernatremia was head injury-37(21.1%) followed by respiratory 

disease-23(13.1%), sepsis-17(9.7%) and transient hypernatremia-17(9.7%). 21 patients (12%) ended in mortality while 

the rest 154 (88%) recovered and were discharged from hospital. Patients in the mortality group were found to have 

higher levels of hypernatremia average- 162 when compared to those that survived 151 (p<0.05). Conclusion: While 

there are few reports devoted to hypernatremia in the Indian population, a standardized management protocol needs to be 

followed and physicians need to focus more on identifying patients who are likely to develop hypernatremia and take step 

to avoid it by pre-tagging and using preventive measures. This is probably one of the first studies of its kind in a south 

Indian population and could be an eye opener in the management of hypernatremic patients.  
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Introduction 

Hypernatremia is a hyperosmolar condition resulting 

from a decrease in total body water relative to the 

electrolyte content; levels of serum sodium over 

145meq/L are generally considered as hypernatremia. 

However if these sodium levels are uncorrected, it can 

be lethal as it leads to neuronal cell shrinkage and 

resultant brain injury besides other injuries.  

 

This cascading effect if unchecked will end in higher 

morbidity and mortality, a fact that has been confirmed 

by multiple authors [1,2]. Kumar et al in a study on 

Indian patients, reports that though hypernatremia was 

less common than other dyselectrolytemia in hospital 

admission, it was associated with higher mortality [3]. 

Hypernatremia can occur from diverse etiologies 

Manuscript received: 25
th
 February 2018 

Reviewed: 6
th
 March 2018 

Author Corrected: 15
th 

March 2018 

Accepted for Publication: 21
st
 March 2018 

 

 

including pure water loss, antidiuretic hormone (ADH) 

deficiency, sweating, diuresis, exogenous salt, vomiting 

etc., and is a relatively common dyselectrolytemia 

encountered in hospitalized patients, especially those in 

the critical care units with mortality ranging from 30-

50% in hospital acquired hypernatremia [4,5] While the 

clinical manifestations of hypernatremia in humans are 

well documented [6], even rats with experimentally 

induced severe hypernatremia were shown to have 

symmetrical demyelinating lesions in thalami, basal 

ganglia, cerebral cortex, and hippocampi [7]. In humans 

neurological manifestations of hypernatremia consist of 

varying degrees of encephalopathy, seizures, rhabdo-

myolysis, and rarely subdural hematoma [4]. 

 

Geriatric patients are especially prone to develop 

hypernatremia and studies on the kidney have shown 

that with aging, renal concentrating mechanisms are 
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deranged and the longest nephrons which are most 

critical for concentrating urine get depleted [8]. Studies 

on the Indian population on hypernatremia are sparse. 

This retrospective study is probably the first of its kind 

in a south Indian population carried out in a tertiary care 

center; with an aim to establish its prevalence, etiology 

and management and compare it with other centers.  

Materials and Methods 

Place of study and type of study- This is a 

retrospective study of the incidence, cause, disease 

relationship and management of hypernatremia in 

hospitalized patients that was carried out in a tertiary 

care hospital, Cochin, India, over a five year period 

from March, 2011 to March, 2016.  

 

Sampling methods- All patients who were admitted to 

the hospital for treatment of any disease condition and 

found to develop serum sodium levels more than 

145meq/L were included in the study group and 

investigated as per protocol.  

 

Sample collection-Patient’s age, sex, disease condition, 

onset and duration of hypernatremia, management of 

hypernatremia and treatment outcomes were noted. All 

data for this study group of patients were derived from 

the hospital computerized medical records and files 

from the medical record department. All patients were 

followed up till the time of their discharge from the 

hospital or death. The demographic, clinical data, 

disease diagnosis, laboratory data, associated comorbid 

conditions and management protocols of these patients 

were studied in detail and then analyzed. Serum sodium 

levels as well as other associated abnormal laboratory 

parameters were studied.  

 

Management strategies as well treatments with respect 

to drug administration that may add to hypernatremia 

and hypertonic solution administration were recorded. 

Changes in the serum sodium levels, the clinical 

condition and management of these patients were 

followed up till the time of discharge or death. 

 

Inclusion criteria- All in-patients with serum sodium 

more than 145meq/L during the study period were 

included in this study.  

 

Exclusion criteria- Patients treated on outpatient basis 

as well as those under observation for less than a day’s 

period were not included in the study.  

 

Statistical analysis- Data entry and analysis were 

carried out using Microsoft excel and SPSS software 

packages. Discrete variables were presented as counts 

and percentages. To find the significance of difference 

between two proportions, the ‘Fisher’s exact t test’ was 

applied, p values <0.05 was considered statistically 

significant. 

Results  

Over a five year period, 5558 patients with varying disease conditions were admitted for in-patient management. Of 

these, 175 patients developed hypernatremia and were included in the study group showing a prevalence rate of 3.14%. 

The subjects included 130 males (74.28%) and 45 females (25.72%) with a male to female ratio of 3:1. The mean age of 

hypernatremic patients was 53.02 years (range 8-99).  

 

While the average age of males was 51.96 years (range 21-87), the average age of females was 54.08 years (range 8 

months-99 years). Out of the total 175 patients 3(1.7%) were pediatric and 57(32.55%) geriatric with the geriatric group 

forming almost a third of the study group. There were 17(9.7%) patients with transient hypernatremia, while the rest 158 

had persistent hypernatremia (90.2%).  

 

In our study, the most common disease condition of patients who developed hypernatremia was head injury-37(21.1%) 

followed by respiratory disease-23(13.14%), sepsis-17(9.7%), transient hypernatremia-17(9.7%), fever with diarrhoea-

16(9.1%) renal disease-15(8.57%), neurological disease-13(7.4%), psychiatric diseases with drug and substance abuse-

10(5.7%), uncontrolled diabetes mellitus-10(5.7%), cardiac disease and hypertension-9(5.1%), hypothyroidism- 6(3.4%) 

and electrocution-2(1.1%).  

 

Death occurred in 21(12%) cases out of which 8(4.5%) were due to traumatic brain injury. 4 patients of head injury with 

hypernatremia were diagnosed to have diabetes insipidus. 74(42.2%) of patients were in intensive care units when the 

hypernatremia was detected. The duration of hypernatremia varied from 2 day to 12days.  

 

Hypernatremia levels in patients who ended in mortality- 162meq/L (n= 21) were significantly higher than those that 

survived-151meq/L (n=154) (p <0.05). 
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     Table-1: Disease condition associated with hypernatremia. 

1. Disease condition  2. Number of patients 

3. Head injury 4. 37 (21.1%) 

5. Respiratory disease 6. 23(13.1%) 

7. Sepsis  8. 17(9.7%) 

9. Transient hypernatremia 10. 17(9.7%) 

11. Diarrhea and fever 12. 16(9.1%) 

13. Renal  14. 15(8.5%) 

15. Neurological disease 16. 13 (21.1%) 

17. Uncontrolled Diabetes mellitus,  18. 10(5.7%) 

19. Psychiatric disease with Drugs and  substance abuse 20. 10 (5.7%) 

21. Cardiac disease and Hypertension 22. 9(5.1% ) 

23. Hypothyroidism 24. 6(3.4%) 

25. Electrocution  26. 2(1.1%)    

 

      Table-2: Mortality in hypernatremia 

27.  Disease condition  28. Mortality 

29. Head injury 30. 8 

31. Sepsis 32. 7 

33. Kidney diseases 34. 4 

35. Cardiac disease with Diabetes mellitus, Hypertension 36. 2 

Discussion 

Hypernatremia can be a life-threatening electrolyte 

imbalance if uncontrolled, especially in patients who 

have associated serious comorbid medical conditions. 

Long CA et.al, reported an incidence of 0.3 percent for 

hypernatremia in an adult in-patient British population 

[2]. However varying incidence has been reported by 

multiple authors, ranging from 0.3% to 8.9% in 

hospitalized adults [9]. Patients admitted to intensive 

care units have a higher prevalence rate of 

hypernatremia developing (2-9%) and this has been 

attributed to a variety of common factors: loss of free 

water (insensible perspiration, renal and gastrointestinal 

tract losses) or inadequate free water intake (altered 

consciousness, fever, loss of thirst sensation) [3,10].  

 

However, studies on hypernatremia in the Indian 

population are few and more focused on the geriatric 

population. Maitra T et.al, in one Indian study found 

hypernatremia to be present in 6% of in patients over 60 

years and 3.5% below the age of 60 [11]. These authors 

also observed that though hyponatremia is the most 

common electrolyte abnormality encountered, elderly 

patients have a greater propensity to develop 

abnormalities in more than one electrolyte and larger  

 

 

studies were needed to throw more light on the exact 

pattern of electrolyte abnormalities in hospitalized 

Indian patients. In our study we found a prevalence rate 

of 3.14% that was much higher than studies done in 

general hospitals [2] as ours was a tertiary care referral 

center and a large number of cases were referred to our 

center after being unsuccessfully treated elsewhere. 

 

Different authors have reported different disease 

conditions as a major primary cause for hypernatremia 

in general in-patient population. Snyder et.al, reported 

‘complications of surgery’ as a major cause of 

hypernatremia [12], while Long CA et al reported 

‘febrile illness’ as a major disease state developing 

hypernatremia in young patients [2]. In our study, head 

injuries were found to be a major cause of 

hypernatremia 37 (21.1%). Our center overlooks one of 

the major highways in Kerala and most cases of road 

traffic accidents with head injuries that occurred on 

these highways were directly brought in for 

management: this factor besides others may have 

accounted for the head injury group to be a major 

contributor of hypernatremia. Patients with severe head 

injury have a high risk of developing hypernatremia due 

to a multitude of factors: reduced free water intake, 
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altered sensorium and thirst, high insensible water 

losses, and possibility of central diabetes insipidus 

(CDI) [13]. Some of the head injury patients received 

intravenous hypertonic fluid administration like 

mannitol to reduce intracranial pressure and cerebral 

edema, subsequently developing hypernatremia by 

osmotic diuresis. In one study done on patients with 

subarachnoid hemorrhage receiving hypertonic saline 

therapy, it was seen that for each 1 mEq/L increase in 

the running maximum daily serum sodium rate, the risk 

of developing acute kidney injury increased by 5.4%, 

and the risk of death was more than twofold greater for 

patients who developed acute kidney injury [14]. Some 

centers advocate the use of hypertonic saline solution to 

reduce cerebral edema and this can lead to severe 

adverse effects through volume expansion, heart failure 

and hyperchloremic acidosis and hypernatremia [15].  

 

Diabetes insipidus which may sometimes occur in head 

trauma (18%) can result in hypernatremia due to 

pathologic polydipsia (>2 L/m2/d) and polyuria. It has 

been shown that these head trauma patients have a 

three-time higher mortality than those without 

hypernatremia [15, 16, 17]. In our study we had four 

patients with DI due to head trauma and two of them 

died. Other authors have also reported higher incidences 

of hypernatremia as we have reported in neurological 

and neurosurgical cases (24.3- 51.5 %) [17].  

 

While several risk factors exist for hypernatremia, the 

greatest risk factor is the patient’s age when more than 

65 years [11]. In our study the geriatric group 

constituted about 32.55% of the total 175 patients. 

Geriatric patients are unfortunately bound by a number 

of risk factors that lead them to develop hypernatremia: 

often unable to obtain oral fluids themselves 

independently, difficult recognition of dehydration in 

elderly, poor communication, need for constant 

monitoring with delicately balanced homeostatic 

mechanisms [11,18]. Hypernatremia in children is often 

due to gastrointestinal losses where more free water is 

lost than the electrolytes sodium and potassium which 

results in higher plasma sodium levels.  

 

There were only 3 pediatric patients in the study group 

of which two had fever and diarrhea and one had 

urinary tract infection. Breast feeding-associated 

neonatal hypernatremia though not seen in our study 

patients, has been reported in infants possibly due to 

high breast milk sodium content which is believed to 

result from dehydration and malnutrition from low 

breast milk production [19]. In our studies 33% were 

geriatric patients and 1.7% were pediatric; the rest 

(65.3%) were all general adult population indicating 

that even non-geriatric adult population are prone to 

develop hypernatremia when afflicted by disease 

process and should be paid attention to when admitted 

as in-patients. 17 of our patients had transient 

hypernatremia. This is often seen in severe exertion or 

seizure activity and is said to be due to shift of free 

water from extracellular to the intracellular space due to 

breakdown of glycogen into smaller molecules of 

lactate which cause increase in osmolytes [6]. 

Incidentally a large number of our patients in the 

transient hypernatremia group were involved in road 

traffic accidents and suffered from multiple fractures 

where the possibility of severe exertion and stress 

prevailed.  

 

There were 23 patients with respiratory disease having 

hypernatremia in our study and of these, patients with 

pneumonia had the higher occurrences of hyper-

natremia, the development of which could be attributed 

the presence of hyperventilation, free water losses, 

inadequate replacement of free water, sepsis, besides 

other factors [20]. Septic patients are known to develop 

hypernatremia due to multitude of factors. 17 of patients 

who had hypernatremia had sepsis. In a study on burn 

intensive care patients carried out by the first author, an 

incidence of 34% of hypernatremia developing in septic 

patients was reported.  

 

These study patients had higher burn area, inhalation 

injury and severe sepsis and were additionally 

incapacitated adequate free water [21]. Our center did 

not have a burn intensive care unit and none of the 

patients with burns that were admitted as in-patients 

developed hypernatremia as they had minor to moderate 

uncomplicated burns. Schwarz C et.al, in a study on 

9012 patients in the department emergency medicine 

found that while 10% of patients had hyponatremia and 

1% patients had hypernatremia, hyponatraemia was 

present in 14% of patients with high TSH [22].  

 

Essential hypernatremia was also reported to have 

occurred in a patient with primary hypothyroidism and 

histiocytosis X [23]. In our study there were six patients 

with hypothyroidism who developed hypernatremia and 

the exact mechanism of their development could not be 

explained. Elderly patients exposed to psychotropic 

agents, like lithium, antipsychotics and antidepressants 

have been found to be at risk of developing 

hypernatremia from associated nephrogenic diabetes 

insipidus [24]. In our study group, 10(5.7%) patients 

receiving psychiatric medications developed hyper-

natremia. We believe that incapacitation and loss of free 
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will to ask for free water may have additionally 

contributed to the hypernatremia developing. Patients 

with chronic renal disease tend to have multiple co 

morbidities that could predispose to hypernatremia [25]. 

In our study we had 15 (8.5%) patients with hyper-

natremia who had underlying kidney disease.  

 

The ubiquitous nature of hypernatremia can be seen by 

the fact that even pregnant and post partum women may 

develop hypernatremia due to a multitude of factors: 

fever, inadequate free water intake, gestational diabetes 

insipidus (GDI), reduced hepatic breakdown of 

vasopressinase, central adypsic hypernatremia with 

hypothalamic dysfunction and even increased 

aminopeptidase activity resulting in deficiency of ADH 

[4]. These authors also reported that hypernatremic post 

partum patients can develop ‘osmotic demyelination 

syndrome’ that manifests by encephalopathy, 

rhabdomyolysis, quadreparesis and white matter 

hyperintensities on MRI. The present study did not 

reveal any cases of pregnancy or postpartum patients 

developing hypernatremia.  

 

Accurate diagnosis of the cause of hypernatremia will 

help to manage it better. Comparing the urine 

osmolality (Uosm) with the plasma osmolality (Posm) 

can help in identifying the cause of hypernatremia. 

While Uosm less than Posm suggests a urine 

concentrating defect (urine osmolality <700 mOsm/kg), 

Uosm greater than Posm suggest an intact urinary 

concentrating mechanism and is likely to have extra 

renal hypernatremia causes [26]. Correction of 

hypernatremia needs to be done in a slow controlled 

fashion and 10 meq/L in 24 hours is an accepted 

correction particularly in chronic hypernatremia since 

homeostatic mechanisms increase the intracellular 

concentration of ideogenic molecules that counter 

extracellular hyperosmolarity [4]. While there are 

formulas to calculate the amount of free water required 

to lower the serum sodium levels below 145 meq/l, they 

fail to discuss strategies to calculate free water intake 

when serum Na is between 140 and 145 meq/l [27].  

 

This study also demonstrates the fact that treating 

physicians tend to approach and treat hypernatremia in 

an empirical fashion during its onset and only when 

hypernatremia seems to be non-responding, specific 

investigations are ordered to find out the exact cause of 

hypernatremia and treat it in a more scientific manner.  

 

Therefore the authors feel that a protocol needs to be 

established for management of hypernatremia so that 

early reduction in sodium levels can be achieved and 

complications of hypernatremia can be avoided. It has 

been found that hospitalized patients with hyper-

natremia have a higher mortality rate when compared 

with hospitalized patients with normal serum sodium 

levels [1, 28]. Hypernatremia was also found to be 

associated with increased perioperative morbidity and 

mortality with higher odds for venous thrombosis, 

pneumonia and major cardiac events [29]. Since many 

of the causes that lead to hypernatremia in hospitalized 

patients are based on early identification of predis-

posing factors and nursing support systems it has been 

suggested that hypernatremia be used as an indicator of 

quality of care in ICU settings [21, 30]. The authors 

believe that it is of prime importance to create a greater 

awareness among medical and nursing staff to pre-tag 

these patients and pay special interest to their fluid 

requirements. This paper being the first of its kind in a 

south Indian population should also serve to be an eye 

opener in the prevention and management of 

hypernatremic patients.  

Conclusion 

The rise in serum sodium leading to hypernatremia is 

often a preventable complication in patients admitted to 

a tertiary care center. Our studies reveal that treating 

physicians often focus on managing the developed 

hypernatremia in patients though it would be in the 

interest of patients to also focus and tag those patients 

who are likely to develop hypernatremia and take steps 

to prevent it from developing.  

 

Hypernatremia can influence the prognosis negatively 

and therefore all attempts must be made to prevent 

hypernatremia by regular observance and prompt 

corrections. Geriatric patients are especially prone to 

develop hypernatremia and need to be specifically 

tagged and monitored. Pre-tagging and prompt 

preventive measures to avoid hypernatremia from 

developing will decrease hospitalization time and 

increase patient care cost-benefit ratio.  

 

Hypernatremia could also be used as an indicator of 

quality of care and support mechanisms especially in 

hospitalized patients who are unable to take care of 

themselves. Since this was a retrospective study and 

patients were managed by different consultants from 

different departments we could not find adequate 

laboratory data to intricately study the pathology of 

hypernatremia in different disease conditions and 

compare them. While the first and second authors were 

actively involved in researching, analyzing and writing 

up the paper, the third and forth authors helped in 

collecting and compiling all the data.  
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What this study adds to existing knowledge? This 

study exposes the lack of a protocol for pre-tagging 

patients that are likely to develop hypernatremia as well 

as points to a need for a protocol management of 

hypernatremic patients. This paper also bares the fact 

that even normal adults under adverse disease 

conditions can develop hypernatremia like geriatric 

patients and they should also be keep under close 

observation.  

 

In addition, there appears to be a need for further 

studies in this subject so that patients with 

hypernatremia can be better managed.  
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