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ABSTRACT 
 

Dysnatremias have several particular aspects concerning their etiology and evolution. They are 
associated with morbidity and mortality in various clinical contexts. 
The Primary aim of our study is to evaluate the prognosis impact of postoperative dysnatremia in 
cardiac surgery under extracorporeal circulation. 
Methods: This is a descriptive and analytical retrospective study, concerning patients operated for 
a period of 18 months between September 2018 and February 2020 in the cardiovascular surgery 
department at the Mohammed V Military teaching hospital in Rabat, and including 253 adult 
patients. 
The bioassay of plasma sodium was done immediately, at 4, 24 and 48 hours after admission to the 
intensive care unit. 
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Results: The average age of the patients was 56 years with male predominance. Fifty-seven 
patients (22.5%) presented at least hypernatremia and 30 patients (11.9%) at least hyponatremia. 
The overall mortality rate was 7.9%. 17.5% when hypernatremia. 
Conclusion: The level of plasma sodium after admission to intensive care is an independent 
predictor of morbidity and mortality during cardiac surgery under extracorporeal circulation. 
Hypernatremia is an alarm signal that requires rapid and effective management to avoid 
progression to serious complications. 
 

 
Keywords: Prognosis; dysnatremia; cardiac surgery; extracorporeal circulation. 
 

1. INTRODUCTION 
 
Natremia is the main determinant of extracellular 
osmolarity and therefore of hydration and cell 
volume [1]. 

 
It is normally between 136 and 145 mmol/l or 
mEq/l [2]. 

 
During heart surgery, extracorporeal circulation is 
a support technique that provokes a systemic 
inflammatory response responsible for        
several hydro-electrolyte disorders including 
dysnatremia. 

 
The involvement of dysnatremia in the morbidity 
and mortality of patients operated for cardiac 
surgery under extracorporeal circulation, and the 
specific mechanisms responsible for it remain 
unclear [3,4]. 

 
The aim of our study is to evaluate the prognosis 
impact of postoperative dysnatremia in cardiac 
surgery under extracorporeal circulation. 

 
2. METHODS 
 
This is a descriptive and analytical retrospective 
study, carried out within the cardiovascular 
surgery department of the Mohamed V Military 
teaching hospital of Rabat over a period of 18 
months between September 2018 and February 
2020. 

 
We included 253 patients over 18 years of age in 
whom plasma sodium levels were assayed 
before and after scheduled or emergent cardiac 
surgery under extracorporeal circulation.  

 
We excluded from our study patients aged under 
18, those with preoperative dysnatremia or those 
who died intraoperatively. 

 
We collected clinical, biological and radiological 
data. 

Preoperative medication management was done 
according to the guidelines [5]. 
 

Intraoperative monitoring for all patients consists 
of Electrocardiogram, Noninvasive blood 
pressure, Pulse oximetry, arterial line, central 
venous pressure, capnography, Temperature, 
Diuresis, Activated clotting time, blood gazes 
[6,7,8]. 
 

Anesthetic induction was made by Fentanyl 3 μg 
/ kg, Propofol 2 to 3 mg / kg or Etomidate 0.3 mg 
/ kg and Cisatracurium 0.15 mg / kg or 
Rocuronium 0.6 mg / kg. 
 

Anesthesia maintenance was done with TIVA of 
Propofol, Sevoflurane or Isoflurane. 
 

Cephazolin 2g administered 30 minutes before 
the incision then at the fourth hour and 
maintained for 48 hours makes antibiotic 
prophylaxis. 
 

All patients were operated by a median 
sternotomy. 
 

Extracorporeal circulation is installed between an 
aortic cannula and an atrio-caval venous 
cannula, in the event of aortic valve surgery or 
coronary surgery, or two superior and inferior 
vena cava cannulas in other cases. 
 

Before inserting the cannulas, a bolus of heparin 
at a dose of 300 IU/kg was given with an ACT 
target of more than 400 seconds. 
 

After aortic clamping, myocardial protection is 
ensured by crystalloid cardioplegia or 
anterograde intermittent cold blood administered 
by the root of the aorta until cardiac arrest and 
then repeated every 25 to 30 minutes as well as 
local cooling with a solution ice flowed into the 
pericardium. 
 

Exit from extracorporeal circulation is done after 
slowly warming the patient to reach a core 
temperature of 36°C. 
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Exit from the extracorporeal circulation can be 
simple with spontaneous defibrillation, or difficult 
requiring an internal electric shock, and 
sometimes the use of inotropic and/or vasoactive 
drugs, antiarrhythmics or even assistance with 
intra-aortic balloon pump (IABP). 
 
Heparin was antagonized by an initial dose of 
protamine sulphate at a dose of 1mg for each 
100 IU of heparin administered. 
 
Bleeding is prevented by administering 
tranexamic acid at a dose of 15 to 30 mg/kg 
before and after injection of protamine. 
 
The duration of the aortic clamping, the duration 
of the extracorporeal circulation and the duration 
of the surgical intervention as well as the 
postoperative hemodynamics were collected. 
 
Postoperatively, all patients were admitted to 
intensive care unit. 
 

Plasma natremia was assayed preoperatively 
and postoperatively at H0, H4, H24 and H48. 
The normal value for plasma sodium is taken to 
be a level between 136 and 145 mmol/l. 
 

Patients are divided into three groups according 
to the value of serum sodium: 
 

G1: Group of patients with normal natremia, 
G2: Group of patients with hyponatremia. 
G3: Group of patients with hypernatremia. 
 

The variables studied postoperatively are: 
 

• Cardiovascular, respiratory, renal, 
neurological, infectious and haematological 
complications (postoperative bleeding > 
100ml/h for 3 hours or use of a blood 
transfusion). 

• Overall morbidity: defined by the 
occurrence of one or more complications. 

• Surgical revision. 
• Length of stay in intensive care and 

hospital stay. 
• Mortality: Defined by death occurring 

during the 30 days following surgery. 
 

Data entry and statistical analysis was performed 
using SPSS 20.0 software. 
 

The quantitative variables are expressed as 
mean and standard deviation in the case of a 
Gaussian distribution and as median and 
quartiles in the case of a non-Gaussian 
distribution and the qualitative variables in counts 
and percentages. 
 

The comparison of demographic and 
perioperative variables was made by parametric 
or non-parametric tests depending on the 
distribution of the variable. 
 

A value of P <0.05 was taken as statistically 
significant. 
 

3. RESULTS 
 

Two hundred fifty three patients were included in 
our study, the average age is 56 years (18-83) 
with a sex ratio of 2/1 (M/F), BMI>25 kg/m2 in 
80% of patients. 
 

Postoperatively, 30 patients presented at least 
hyponatremia (11.9%), 57 at least hypernatremia 
(22.5%) and 166 patients did not present 
dysnatremia (65.6%). 
 

Table 1 summarizes the demographics of 
patients in the three groups. 
 

There was no significant difference between the 
three groups of patients regarding demographics. 

 

Table 1. Patient demographics 
 

Variables Normonatremia 
Group 
N=166 

Hyponatremia 
Group  
N=30 

Hypernatremia 
Group  
N=57 

p 

Age  55±13 53±13 58±11 0.239 
Sex      
Males  106 (63.9%) 21 (70%) 37(64.9%) 0.810 
Femelle  60 (36.1%) 9 (30%) 20(35.1%) 0.379 
BMI ≥ 25 26.2 ± 4 26.4 ± 5.4 25.9 ± 3 0.784 
HT 48 (28.9%) 7 (23.3%) 16(28.1%) 0.822 
Diabetes  44 (26.5%) 7 (23.3%) 17(29.8%) 0.405 
Smoking 56 (33.7%) 16 (53.3%) 22(38.6%) 0.120 
AF  39 (23.5%) 39 (23.5%) 18(31.6%) 0.377 

BMI: Body Mass Index HT: Hypertension AF: Atrial Fibrillation 
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Table 2 summarizes the paraclinical 
characteristics of the patients. 
 

There was no significant difference between the 
three groups of patients regarding paraclinical 
characteristics. 
 

Cardiogenic shock, myocardial infarction, 
tamponade and cardiac arrhythmias was the 
most common postoperative complications.  
 

Renal and respiratory failures (pneumonia, 
ARDS) came in second place. 

25 patients required blood transfusion and five 
presented lower limb ischemia. 

 
The average stay in intensive care was 48 hours 
(39-72) and the hospital stay lasted 11 days (10-
14) on average. 

 
20 patients died with a mortality rate of 7.9%. 

 
Table 3 summarizes the perioperative patients’ 
data in the three groups: 

 
Table 2. The paraclinical characteristics of the patients 

 

Variables Normonatremia 
Group 

N=166 

Hyponatremia 
Group  

N=30 

Hypernatremia 
Group  

N=57 

p 

CTR 0.54±0.07 0.54±0.04 0.55±0.06 0.875 

LVEF (<40%)  11(6.6%) 2(6.6%) 7(12.3%) 0.401 

Hemoglobin (g/dl)  12 [10.8-13] 13.4 [11.2-14.9] 13 [11.7-14.1] 0.926 

WBC (x1000/µl)  17 [12.2-21.3] 8.5 [6.1-10.3] 7.4 [5.7-8.4] 0.09 

CRP (mg/l)  4.1 [1.5-1] 3.7 [1.2-6.4] 4 [1.4-7.2] 0.758 

Creatinine 
(mg/ml) 

10 [8-115] 9 [8-11] 8.5 [7-10] 0.32 

Urea (mmol/l)  0.38 [0.3-0.5] 0.34 [0.3-0.41] 0.37 [0.3-0.4] 0.56 

GFR 
(ml/min/1,73m2)  

74 [60-88] 77 [61-91] 75 [66-85.5] 0.729 

CTR: Cadio-Thoracic Ratio; LVEF: Left Ventricular Ejection Fraction; WBC: White Blood Cells; CRP: C Reactive 
Protein; GFR: Glomerular Filtration Rate 

 
Table 3. Perioperative patients’ data 

 

Variables Normonatremia 
Group 
N=166 

Hyponatremia 
Group  
N=30 

Hypernatremia 
Group  
N=57 

p 

ECC Time (min)  121[98-153] 127[107-162] 170[124-240] <0,001 
Aortic clamping 
time (min) 

83[69-112] 95[72-128] 124[87-149] <0,001 

Vasoactive Drugs  108(65%) 22(23,3%) 43(75,4%) 0,986 
Type of surgery      
CABG 85(51,2%) 18(6%) 30(52,6%) 0,674 
Valve Replacement  67(40,4%) 6(20%) 15(26,3%) 0,031 
 Combined 6(3,6%) 1(3,3%) 8(14%) 0,010 
Ventilation time (h) 5[4-8] 6[5-12] 15[5-20] <0,001 
ICU Stay (h)  48[36-71] 48[43-68] 68[44-134] 0,010 
Bleeding(>1000cc)  14(8,4%) 4(13,3%) 7(12,2%) 0,560 
Acute Renal failure  20(12%) 7(23,3%) 10(17,6%) 0,309 
Stroke  1(0,6%) 1(3,2%) 3(5,3%) 0,015 
Pneumonia 1(0,6%) 2(6,7%) 4(7%) 0,014 
Wound infection 13(7,8%) 1(3,3%) 7(12,3%) 0,025 
Hospital Stay(d) 11[9-14] 11[9-14] 12[10-15] 0,096 
Death  9(5,4%) 1(3,3%) 10(17,5%) <0,001 
ECC: extracorporeal circulation CABG: Coronary Artery Bypass Grafting ICU: Intensive Care Unit (h): hour (d): 

day (cc): cubic centimetre 
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The mortality rate was significantly higher in the 
Hypernatremia group. 
 

4. DISCUSSION 
 

Sodium is an extracellular ion and its plasma 
concentration determines the movement of water 
between intracellular and extracellular fluids               
[9-11]. 
 

Dysnatremias are the most common electrolyte 
disturbance in patients admitted to the Intensive 
Care Units [12–13]. 
 

The use of extracorporeal circulation (ECC) is 
essential in the majority of cardiac surgery 
procedures. 
 

A systemic inflammatory response is often 
produced in patients undergoing cardiac surgery 
under ECC, leading to an imbalance in osmotic 
regulation and increased morbidity and mortality 
[14]. 
 

Hyponatremia is a common electrolyte disorder 
in patients in the intensive care unit after cardiac 
surgery, it may be due to increased blood 
volume, neuroendocrine dysfunction or low 
cardiac output and is associated with serious 
complications [15-16]. 
 

Hypernatremia always leads to plasma 
hypertonia and therefore intracellular dehydration 
[17-18] few studies have reported that elevated 
sodium levels after cardiac surgery under ECC 
can be explained by the high use of diuretics, 
and by hypoxia [19]. 
 

The ischemia-reperfusion process during ECC, 
generates an intracellular accumulation of Na+ 
Caused by acidosis and the exchange of H + / 

Na +; and the influx of Calcium via the Na+/Ca2+ 
channels [20,21]. 
 
Furthermore, a high plasma sodium level may be 
due to acute hypoxemia, which would have 
reducing the concentration of aldosterone and 
secondarily that of plasma renin. Sudden 
reactivation of renin and the angiotensin 
aldosterone system causes sodium retention 
[22]. 
 
Few studies have assessed the incidence and 
impact of dysnatremia on patients operated for 
cardiac surgery under ECC, but several have 
assessed the incidence of postoperative 
dysnatremia in intensive care units [23,24]. 
 
Tables 4 and 5 show the incidence of 
dysnatremia according to studies in the literature. 
 
Nicolini and al. [25] proved that the duration of 
mechanical ventilation in the hypernatremia 
group was longer than in the normal and low 
sodium groups. Ditto for the stay in intensive 
care which was 4.37 [2-6] days compared to 3.68 
[1-5] days in the hyponatremia group and 2.77 ± 
1.9 in the normonatremia group (P <0.001). 
However, the mortality rate was much higher in 
the hypernatremia group (29.6%) vs 10.3% in the 
case of hyponatremia and 5.4% in the normal 
group. (P<0.001). 
 
Linder and al. [26] found in their study of 2314 
patients that patients with hypernatremia had a 
longer stay in intensive care and a higher 
mortality rate. 
 
Waite and al. found the same results in their 
study [27] carried out on a large population of 
207,702 patients. 

 
Table 4. Incidence of hypornatremia according to studies in the literature 

 

Study Study Type Natremia 
threshold 
(mmol/l) 

ICU Type Population 
(N) 

Hyponatremia 
incidence 
(%) 

Stelfox et al. 
[28] 

Retrospective <133 Medico-Surgical  8 142 11% 

Sakr Y et al. Retrospective <135 Surgical 10 923 11,2% 
[29]      
Gucytemez et al 
[30] 

Retrospective 135-130 
130-125 
<125 

Surgical 1244 25% 
6,7% 
3% 

Nicolini et al. 
[25] 

Retrospective <135  Surgical 1599 9,6% 

Our Study Retrospective <136 Surgical 253 11,9% 
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Table 5. Incidence of hypernatremia according to studies in the literature 
 

Study Study type Natremia 
threshold 
(mmol/l) 

ICU Type Population 
(N) 

Hypernatremia 
Incidence 

(%) 

Stelfox et al.  Retrospective  >145 Medico-surgical  8 142 26% 

Darmon et al. 
[31]  

Retrospective >145 Surgical  8 140 15,3% 

Waite et al. [27] Retrospective >149 Surgical  207 702 4,3% 

Gucytemez et al Retrospective 145-150 

150-155 

>155 

Surgical  1244 

 

3, 3% 

1,3% 

0,6% 

Alansari et al 

[32] 

Retrospective >145 Surgical  864 5,8% 

Nicolini et al Retrospective >145 Surgical  1599 5% 

Our study  Retrospective >145 Surgical  253 22,5% 

 
Gucytemez and al. [30] studied the correlation 
between the severity of dysnatremia and the 
poor postoperative prognosis of patients 
admitted to the ICU and found that patients with 
severe hypernatremia >150 mmol/l had a 
mortality rate of 100% compared to the group 
moderate hypernatremia (57.1%) and borderline 
hypernatremia (25.7%). 
 
In parallel with the studies cited, the average 
duration of mechanical ventilation, the length of 
stay in intensive care, in the hypernatremia group 
were longer compared to the other groups in our 
study. 
 
The mortality rate was much higher in the 
hypernatremia group with 17.5% vs 5.4% in the 
normal group and only 3.3% in the hyponatremia 
group, with a statistically significant difference. 
(P<0.001). 

Thus, the data of our study were able to prove 
that hypernatremia is a predictive factor of 
morbidity and mortality in the postoperative 
period of cardiac surgery under ECC. 
 
Table 6 summarizes the demographic and 
postoperative parameters in the studies of the 
literature in case of hypernatremia. 
 
Among the limitations of our study we can cite: 
The small number of patients, the retrospective 
and unicentric nature of the study as well as the 
dosage of natremia which was limited to the first 
48 hours postoperatively. 
 
Thus, close monitoring of serum sodium, as well 
as the conduct of therapeutic strategies aimed at 
early normalization of serum sodium levels can 
improve the prognosis of patients after cardiac 
surgery under ECC. 

 
Table 6. Demographic and postoperative parameters according to studies in cases of 

hypernatremia 
 

Study Nicolini 

and al. 

(n=81) 

Stelfox 
and al. 

(n=2157) 

Gucytemez and al. (56) Our  

study 
(n=57) HyperNa 

limit 

HyperNa 

Moderate 

HyperNa 

strict 

Age (years)  64,5±15 60 62 62 65 58±11 

Male (%) 18  60 68,6 71,4 42,9 64,9 

Mechanical 
Ventilation 
(hours) 

18 16 --- 

 

--- 

 

--- 

 

15[5-20] 

Vasoactive Drugs 
(%) 

56,8 38 --- --- --- 54,4 

 

ICU Stay (days)  4,37[2-6] 7[4-13] 2 6,5 6 3[1,8-5,5] 

Mortality (%) 29,6 23 25,7 57,1 100 17,5 
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5. CONCLUSION 
 
Extracorporeal circulation in the context of 
cardiac surgery risks causing severe hydro-
electrolyte disorders. 

 
Dysnatremia in the postoperative period of 
cardiac surgery can have a variable incidence 
depending on the studies. 

 
In our study, the mortality rate in case of 
hypernatremia was the highest (17.5%) 
consistent with data from the literature. 

 
Close monitoring of serum sodium, as well as the 
conduct of therapeutic strategies aimed at early 
normalization of serum sodium levels can 
improve the prognosis of patients after cardiac 
surgery under extracorporeal circulation. 

 
CONSENT 
 
It is not applicable 
 

ETHICAL APPROVAL 
 
As per international standard or university 
standard written ethical approval has been 
collected and preserved by the author(s). 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 

1. Léon A, lepousé C, El hijri A.                               
Les hyponatremies; conférences 
d’actualisation. Eds scientifiques et 
medicales Elseviers SAS, et SFAR. 
2000;551-569 

2. Alaoui H. L’hyponatrémie en reanimation; 
These en medecine, n°350, année; 2005. 

3. Gheorghiade M, Abraham WT, Albert NM, 
et al. Relationship between admission 
serum sodium concentration and clinical 
outcomes in patients hospitalized for heart 
failure: And analysis from the OPTMIZEHF 
registry. Eur Heart J. 2007;28(8):980-    
988. 

4. Smilde TD, van Veldhuisen DJ, Navis G, 
Voors AA, Hillege HL. Drawbacks and 
prognostic value of formulas estimating 
renal function in patients with chronic heart 
failure and systolic dysfunction. Circulation. 
2006;114(15):1572-1580. 

5. Perioperative management of chronic 
treatment and medical devices Annales 
françaises d’anesthésie et de reanimation. 
2011;30:200.  

6. Dzau VJ, Packer M, Lilly LS, Swartz SL, 
Hollenberg NK. Prostaglandins in severe 
congestive heart failure. Relation to 
activation of the renin angiotensin system 
andhyponatremia. N Engl J Med. 1984; 
310(6):347-352. 

7. Rosner MH1, Ronco C. Dysnatremias in 
the intensive care unit. Division of 
Nephrology, University of Virginia Health 
System, Charlottesville. 2010;165:               
292-8. 

8. DeVita MV, Gardenswartz MH, Konecky A, 
et al. Incidence and etiology of 
hyponatremia in an intensive care unit. Clin 
Nephrol. 1990;34:163–6. 

9. Lindner G, Funk GC, Schwarz C, et al. 
Hypernatremia in the critically ill is an 
independent risk factor for mortality. Am J 
Kidney Dis. 2007;50:952–7. 

10. Vandergheynst F, Sakr Y, Felleiter P, et al. 
Incidence and prognosis of dysnatraemia 
in critically ill patients: Analysis of a large 
prevalence study. Eur J Clin Invest. 
2013;43:933–48. 

11. Gheorghiade M, Abraham WT, Albert NM 
et al. Investigators and Coordinators. 
Relationship between admission serum 
sodium concentration and clinical 
outcomes in patients hospitalized                        
for heart failure: an analysis from the 
OPTIMIZE-HF registry. Eur Heart J. 2007; 
28:980.100. 

12. Funk GC, Lindner G, Druml W, et 
al.Incidence and prognosis of 
dysnatremias present on ICU admission. 
Intensive Care Med. 2010;36:304–11. 

13. Polderman KH, Schreuder WO, Strack van 
Schijndel RJ, et al. Hypernatremia in the 
intensive care unit: an indicator of quality 
of care? Crit Care Med. 1999;27:1105–8. 

14. Pokaharel M, Block CA. Dysnatremia in 
the ICU. Curr Opin Crit Care. 2011; 
17:581–93. 

15. Upadhyay A, Jaber BL, Madias NE. 
Incidence and prevalence of hyponatremia. 
Am J Med. 2006;119:S30.  

16. Gheorghiade M, Rossi JS, Cotts W, et al. 
Characterization and prognostic value of 
persistent hyponatremia in patients with 
severe heart failure in the ESCAPE Trial. 
Arch Intern Med 2007;167:1998. 

17. Polderman KH, Schreuder WO, Strack von 
Schijndel RJ, et al. Hypernatremia in the 



 
 
 
 

Chlouchi et al.; J. Adv. Med. Med. Res., vol. 34, no. 24, pp. 107-114, 2022; Article no.JAMMR.94856 
 
 

 
114 

 

intensive care unit:an indicator of quality 
ofcare? Crit Care Med. 1999;27:1105-8. 

18. Palevsky PM. Hypernatremia. In: 
Greenberg A, ed. Primer on kidney 
diseases. San Diego: Academic Press 
(2nd ed). 1998;64-71.95 

19. Deubner N, Berliner D, Frey A, et al. 
Dysnatremia in heart failure. Eur J Heart 
Fail. 2012;14(10):1147-1154. 

20. Takayama H, Truby L, Koekort M, et al. 
Clinical outcome of mechanical circulatory 
support for refractory cardiogenic shock in 
the current era. J Heart Lung Transpl. 
2013;32(1):106-111. 

21. Borisenko O, Wylie G, Payne J, et al. 
Thoratec CentriMag for temporary 
treatment of refractory cardiogenic shock 
or severe cardiopulmonary insufficiency: A 
systematic literature review and meta-
analysis of observational studies. ASAIO J. 
2014;60(5): 487-497. 

22. Olsen NV. Effect of hypoxaemia on water 
and sodium homeostatic hormones and 
renal function. Acta Anaesthesiol Scand 
Suppl 1995;107:165–70. 

23. Leier CV, Dei Cas L, Metra M. Clinical 
relevance and management of the major 
electrolyte abnormalities in congestive 
heart failure: hyponatremia, hypokalemia, 
and hypomagnesemia. Am Heart J. 
1994;128(3):564-574. 

24. Darmon M, Timsit JF, Francais A, et al. 
Association between hypernatremia 
acquired in the ICU and mortality: A cohort 
study. Nephorol Dial Transplant. 2010; 
25:2510–5 

25. Nicolini A, Edson, MDa, Roosevelt S, et al. 
Could dysnatremias play a role as 

independent factors to predict mortality in 
surgical critically ill patients? a Division of 
Intensive Care Medicine, University of São 
Paulo, Brazil. 2017;96:9. 

26. Mariam A. Alansari, Ahmed Abdulmomen, 
et al. Departments of Adult Critical,         
Saudi Journal of Anesthesia. 2016;             
10(4). 

27. Darmon M, Diconne E, Souweine B, et al. 
Prognostic consequences of borderline 
dysnatremia: pay attention to minimal 
serum sodium change. Crit Care. 2013; 
17:R12. 

28. Stelfox HT, Ahmed SB, Zygun D, 
Khandwala F, Laupland K. 
Characterization of intensive care unit 
acquired hyponatremia and hypernatremia 
following cardiac surgery. Can J Anaesth 
2010;57:650-8. 

29. Sakr Y, Rother S, Ferreira AM, Ewald C, 
Dünisch P, et al. Fluctuations in serum 
sodium level are associated with an 
increased risk of death in surgical                      
ICU patients. Crit Care Med 2013;41:               
133-42. 

30. Güçyetmez B, Ayyildiz AÇ, et al. 
Dysnatremia on intensive care unit 
admission is a stronger risk factor when 
associated with organ dysfunction. 
Intensive Care Unit, International Hospital, 
Istanbul, Turkey; 2014. 

31. Adrogue HJ, Madias NE. Hypernatremia. 
N. Engl J Med. 2000;342:1493-9. 

32. Waite MD, Fuhrman SA, Badawi O, et al. 
Intensive care unit-acquiredhypernatremia 
is an independent predictor of increased 
mortality and length of stay. J Crit Care. 
2013;28:405–12. 

_________________________________________________________________________________ 
© 2022 Chlouchi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

  

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/94856 

http://creativecommons.org/licenses/by/4.0

