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Questionnaire about intravenous fluids and hyponatraemia  
 

[A cross (X) is used to indicate the correct answer. References was not part of the 

questionnaire presented for the participants] 

Background questions 

1. What is your gender?  

 Female 

 Male 

 Other 

________________________________________________________________________________________ 

2. Which of the following categories describe your age? (check only one) 

 18 – 24 years 

 25 – 34 years 

 35 – 44 years 

 45 – 54 years 

 55 – 64 years 

 65 years or older 

________________________________________________________________________________ 



3. How many patients do you treat with IV fluids in an average week? (check only 

one) 

 0 patients 

 1 - 5 patients 

 6 - 10 patients 

 11 - 15 patients 

 More than 15 patients 

________________________________________________________________________________ 

4. What is your current position? (check only one) 

Physician: 

 Foundation doctor year 1 (FY1) 

 Foundation doctor year 2 (FY2)  

 Specialty registrar 

 Consultant   

 Other, please 

specify:_______________________________________ 

________________________________________________________________________________ 

5. How many years have you been practising as a physician? (check only one) 

 0 – 5 years 

 6 – 10 years 

 11 – 15 years 

 16 – 20 years 

 21 – 25 years 

 26 years or more 

________________________________________________________________________________  



Please note that it is not allowed to go back and rectify previous questions. 

Four scenarios now follow, illustrating typical clinical situations in the emergency department. 

Scenario 1 

An otherwise healthy 18-year-old girl is hospitalised on suspicion of meningitis. She has thrown up 

and has diarrhea. On examination, she appears pale with cold skin, a slightly increased heart rate, 

normal blood pressure, and with decreased level of consciousness (Glasgow Coma Scale [GSC] – 

score 14). Laboratory tests show: 

 pH 7.4 (ref.: 7.35 – 7.45);  

 Plasma (P)-glukose 5.0 mmol/L (ref.: 4.2 – 6.3 mmol/l);  

 P-[Na+] 138 mmol/L (ref.: 137-145 mmol/L);  

 P-[K+] 3.6 mmol/L (ref.: 3.5 – 4.4 mmol/L).  

The patient is unable to take fluids per os.  

6. Which of the following is your first-line treatment of choice for this patient? (check only 

one) 

 

  

Darrow-glucose  

(1 L contains 31 mmol sodium [1 g sodium chloride and 1.56 g sodium lactate], 55 g 

glucose monohydrate (278 mmol glucose), 0.67 g potassium chloride) 

X 
Isotonic saline1  

(1 L contains 9 g [154 mmol] sodium chloride) 

  

Ringer's acetate 

(1 L contains 130 mmol sodium [4.1 g sodium acetate and 5.9 g sodium chloride], 

0.295 g calcium chloride, 0.3 g potassium chloride, 0.2 g magnesium chloride) 

  
3% NaCl  

(1 L contains 30 g [513 mmol] sodium chloride) 

  

Potassium-sodium-glucose  

(1 L contains 2.338 g sodium chloride [40 mmol], 55 g [278 mmol] glucose [as 

monohydrate], and 1.492 g potassium chloride) 

  
0.9% NaCl with 5% glucose  

(1 L contains 50 g [278 mmol] glucose and 9 g [154 mmol] sodium chloride) 

  

0.45% sodium chloride with 2.5% glucose isotonic 

(1 L contains 25 g [139 mmol] water free glucose and 4.5 g sodium chloride [77 

mmol]) 

  
Glucose 5% isotonic  

(1 liter contains 55 g (278 mmol) glucose) 

  Do not know 

                                                           

1 Isotonic saline is recommended in patients with increased intracranial pressure [1–3].  



Scenario 2 

A 5-year old boy arrives at the emergency department with a head injury after falling from a bike. 

He has headache and nausea, but no vomiting or signs of hypovolaemia. He has been unconscious 

for half an hour, however, the CT scan, clinical examination and laboratory results are all normal. 

 pH 7,4 (ref.: 7.35 – 7.45);  

 Plasma (P)-glukose 5.8 mmol/L (ref.: 4.2 – 6.3 mmol/l);  

 P-[Na+] 138 mmol/L (ref.: 137-145 mmol/L);  

 P-[K+] 3.6 mmol/L (ref.: 3.5 – 4.4 mmol/L).  

Due to nausea, the patient is unable to take fluids per os. 

7. Which of the following is your first-line treatment of choice for this patient?  (check only 

one) 

 

  

Potassium-sodium-glucose  

(1 L contains 2.338 g sodium chloride [40 mmol], 55 g [278 mmol] glucose [as 

monohydrate], and 1.492 g potassium chloride) 

  
3% NaCl  

(1 L contains 30 g [513 mmol] sodium chloride) 

  

Ringer's acetate 

(1 L contains 130 mmol sodium [4.1 g sodium acetate and 5.9 g sodium chloride], 

0.295 g calcium chloride, 0.3 g potassium chloride, 0.2 g magnesium chloride) 

  

0.45% sodium chloride with 2.5% glucose isotonic 

(1 L contains 25 g [139 mmol] water free glucose and 4.5 g sodium chloride [77 

mmol]) 

  

Darrow-glucose  

(1 L contains 31 mmol sodium [1 g sodium chloride and 1.56 g sodium lactate], 55 g 

glucose monohydrate (278 mmol glucose), 0.67 g potassium chloride) 

  
Isotonic saline  

(1 L contains 9 g [154 mmol] sodium chloride) 

X 
0.9% NaCl with 5% glucose2  

(1 L contains 50 g [278 mmol] glucose and 9 g [154 mmol] sodium chloride) 

  
Glucose 5% isotonic  

(1 liter contains 55 g (278 mmol) glucose) 

  Do not know 

________________________________________________________________________________  

                                                           

2 Isotonic saline with glucose is recommended for maintenance treatment in children [4,5]. 



Scenario 3  

A 75-year-old woman arrives at the emergency department with hip fracture after a fall. There are no signs of 

head injury. The patient has had a poor appetite for a long time. Medical history includes thiazide diuretics for 

hypertension, but otherwise she is healthy. Clinical examination shows symptoms of hypovolaemia: cold and 

pale skin, heart rate at 100 bpm, and a slightly increased respiratory rate. Laboratory findings: 

 pH 7.4 (ref.: 7.35 – 7.45);  

 Plasma (P)-glukose 6 mmol/L (ref.: 4.2 – 6.3 mmol/l);  

 P-[Na+] 110 mmol/L (ref.: 137 - 145 mmol/L);  

 P-[K+] 3.6 mmol/L (ref.: 3.5 – 4.4 mmol/L).  

 

8. Which of the following is your first-line treatment of choice for this patient? (check only one) 

 

  

Darrow-glucose  

(1 L contains 31 mmol sodium [1 g sodium chloride and 1.56 g sodium lactate], 55 g glucose 

monohydrate (278 mmol glucose), 0.67 g potassium chloride) 

X 
Isotonic saline3  

(1 L contains 9 g [154 mmol] sodium chloride) 

  
3% NaCl  

(1 L contains 30 g [513 mmol] sodium chloride) 

  

Potassium-sodium-glucose  

(1 L contains 2.338 g sodium chloride [40 mmol], 55 g [278 mmol] glucose [as monohydrate], 

and 1.492 g potassium chloride) 

  
0.9% NaCl with 5% glucose  

(1 L contains 50 g [278 mmol] glucose and 9 g [154 mmol] sodium chloride) 

  
0.45% sodium chloride with 2.5% glucose isotonic 

(1 L contains 25 g [139 mmol] water free glucose and 4.5 g sodium chloride [77 mmol]) 

  
Glucose 5% isotonic  

(1 liter contains 55 g (278 mmol) glucose) 

X 

Ringer's acetate 

(1 L contains 130 mmol sodium [4.1 g sodium acetate and 5.9 g sodium chloride], 0.295 g 

calcium chloride, 0.3 g potassium chloride, 0.2 g magnesium chloride) 

  Do not know 

________________________________________________________________________________  

                                                           

3 Either isotonic saline or Ringers is recommended in hypovolaemic patients with asymptomatic 

hyponatraemia [1,6]. 



Scenario 4  

A 28-year old woman is hospitalised on suspicion of medication poisoning and large intake of 

water. She vomits and complains about headaches. She exhibits strange behavior, has muscle 

rigidity and a Glasgow Coma Scale (GSC) score of 14. ABC is normal. Arterial blood gas shows: 

 pH 7.48 (ref.: 7.35 – 7.45);  

 Plasma (P)-glukose 5.4 mmol/L (ref.: 4.2 – 6.3 mmol/l);  

 P-[Na+] 118 mmol/L (ref.: 137 - 145 mmol/L);  

 P-[K+] 3.6 mmol/L (ref.: 3.5 – 4.4 mmol/L); 

 pO2 14 kPa (ref.: 11.1 – 14.4 kPa); 

 pCO2 4 kPa (ref.: 4.3 – 5.7 kPa). 

 

9. Which of the following is your first-line treatment of choice for this patient? (check only 

one) 

 

  

Potassium-sodium-glucose  

(1 L contains 2.338 g sodium chloride [40 mmol], 55 g [278 mmol] glucose [as 

monohydrate], and 1.492 g potassium chloride) 

  
Isotonic saline  

(1 L contains 9 g [154 mmol] sodium chloride) 

  

Ringer's acetate 

(1 L contains 130 mmol sodium [4.1 g sodium acetate and 5.9 g sodium chloride], 

0.295 g calcium chloride, 0.3 g potassium chloride, 0.2 g magnesium chloride) 

X 
3% NaCl4  

(1 L contains 30 g [513 mmol] sodium chloride) 

  
0.9% NaCl with 5% glucose  

(1 L contains 50 g [278 mmol] glucose and 9 g [154 mmol] sodium chloride) 

  

Darrow-glucose  

(1 L contains 31 mmol sodium [1 g sodium chloride and 1.56 g sodium lactate], 55 g 

glucose monohydrate (278 mmol glucose), 0.67 g potassium chloride) 

  

0.45% sodium chloride with 2.5% glucose isotonic 

(1 L contains 25 g [139 mmol] water free glucose and 4.5 g sodium chloride [77 

mmol]) 

  
Glucose 5% isotonic  

(1 liter contains 55 g (278 mmol) glucose) 

  Do not know 

________________________________________________________________________________ 

                                                           

4 Hypertonic (3%) saline is recommended for patients with symptomatic hyponatraemia (e.g. altered level of 

consciousness (DK), vomiting (EU), polydipsia (US), headache (UpToDate)) [1,7–9]. 



Renal water excretion 

Imagine an acutely ill patient in need of IV fluid.  

10. Which of the following sentences are correct? (check only one) 

 Most often acutely ill patients in need of IV fluids have increased renal 

water excretion 

X5   Most often acutely ill patients in need of IV fluids have decreased renal 

water excretion 

 Most often acutely ill patients in need of IV fluids have normal renal water 

excretion 

 Do not know 

________________________________________________________________________________

_______

                                                           

5 Renal water excretion is often reduced in acutely ill patients [10]. 



IV fluids impact on plasma sodium concentration (P-Na)  

Four questions now follow for which you should imagine a patient at risk of reduced renal 

water excretion, and in need of a larger amount (> 20 ml / kg) of different IV fluids. 

11. What is the most likely way that the following IV fluids will affect the plasma 

sodium concentration (P-Na) in such a patient? 

Please tick one box only for each IV fluid  

  

Large 

increase 

in 

P-Na 

with a 

risk of 

sodium 

overload 

 

 

Slight 

increase 

in P-Na 

 

 

Un-

changed 

 

Slight 

decrease 

in 

P-Na 

 

Large 

decrease 

in 

P-Na 

with a 

risk of 

hypo-

natriaemi

a  

Do not 

know 

Ringer's lactate6 

(1 L contains 130 

mmol sodium) 

   X   

Darrow-glucose 

(1 L contains 31 

mmol sodium) 

    X  

Potassium-sodium-

glucose  

(1 L contains 40 

mmol) 

 

    X  

0.9% NaCl and 5% 

glucose  

(1 L contains 154 

mmol sodium 

chloride) 

  X    

 

 

  

                                                           

6 Ringer's lactate is hypotonic because it have a lower sodium concentration than extracellular fluid [1,11]. 



Hyperglycaemia and plasma sodium 

12. Which one of the following sentences are correct? (check only one) 

 

X 
In case of increased blood sugar (above 12 mmol/L), the measured plasma sodium (P-

Na) must be corrected because the measured P-Na is "falsely low".7 

  
In case of increased blood sugar (above 12 mmol/L), the measured plasma sodium (P-

Na) must be corrected because the measured P-Na is "falsely high". 

  
In case of increased blood sugar (above 12 mmol/L), there is no reason to correct the 

measured plasma sodium (P-Na) because the measured P-Na is correct. 

  Do not know. 

________________________________________________________________________________ 

 

Patients at high risk of severe symptoms upon inappropriate IV fluid treatment 

13. Which of these diseases/symptoms may be indicative of potentially increased intracranial 

pressure (ICP) and therefore require special attention in relation to fluid treatment since 

even minor changes in plasma sodium may be critical? (check only one for each 

symptom/disease) 

 Yes No Do not know 

Meningitis8 x   

 Yes No Do not know 

Shortness of breath  x  

 Yes No Do not know 

Concussion x   

 Yes No Do not know 

Chest pain  x  

 Yes No Do not know 

Seizure x   

 Yes No Do not know 

Acute liver failure x   

 Yes No Do not know 

Acute abdomen  x  

 Yes No Do not know 

Hip fracture  x  

________________________________________________________________________________  

                                                           

7 The measured plasma sodium is falsely low and must be corrected in the presence of hyperglycaemia [1,7]. 
8 Meningitis, concussion, seizure and acute liver failure are all causes of increased intracranial pressure [2]. 



Severe symptoms of hyponatraemia 

14. Which of the following symptoms are indicative of severe symptoms of 

hyponatraemia and require acute treatment of hyponatraemia? (check only one for 

each symptom) 

 
Yes No 

Do not 

know 

Altered level of 

consciousness 9 
x   

 
Yes No 

Do not 

know 

Seizure x   

 
Yes No 

Do not 

know 

Infection  x  

 
Yes No 

Do not 

know 

Chest pain  x  

 
Yes No 

Do not 

know 

Muscle rigidity x   

 
Yes No 

Do not 

know 

Anaemia  x  

________________________________________________________________________________

_______ 

                                                           

9 Examples of severe symptoms of hyponatraemia vary across guidelines. According to the Danish Endocrine 

Society altered level of consciousness, seizures and muscle rigidity are severe symptoms of hyponatraemia 

[1].  



Prevention and treatment of overcorrection 

Imagine a patient at high risk of brain damage (e.g. P-Na <115, PK < 2.5, malnutrition 

and/or severe liver disease) due to osmotic demyelination. 

15. a) What is the maximum correction of plasma sodium per day for such a patient?  

(check only one) 

X   6 mmol/l10  

 8 mmol/l  

 16 mmol/l 

 20 mmol/l 

 Do not know 

________________________________________________________________________________

_______ 

Imagine a patient without a high risk of brain damage due to osmotic demyelination. 

15. b) What is the maximum correction of plasma sodium per day for such a patient?  

(check only one) 

 6 mmol/l  

X    8 mmol/l 

 16 mmol/l 

 20 mmol/l 

 Do not know 

________________________________________________________________________________ 

  

                                                           

10 The recommended limits for P-Na correction vary across guidelines. The Danish Endocrine Society and 

UpToDate recommend 6-8 mmol/L depending on the patient’s symptoms [1,12]. 



________________________________________________________________________________ 

In relation to IV fluid treatment for hyponatraemia, there is a risk that plasma sodium 

levels rise too rapidly and exceed the maximum recommended limit of plasma sodium. 

16. How would you prevent plasma sodium from rising too rapidly in relation to IV 

fluid treatment of hyponatraemia, and thus exceeding the recommended limits for 

plasma sodium (P-Na) correction? (select all that apply) 

X    I record the administration of IV fluids 

 I recommend fluid restriction 

X    I record the first low P-Na level 

X    I monitor P-Na regularly  

 I administer 5% glucose 

X    I record the maximum recommended increase of P-Na  

 I encourage the patient to drink water 

 Do not know 

________________________________________________________________________________ 

17. Which of the following would you administer to a patient whose plasma sodium 

concentration raise too rapidly? (select all that apply) 

X    Water per os11 

 Fluid restriction (fluid intake is limited to less than 1 liter/day) 

 Isotonic saline (1 L contains 9 g [154 mmol] sodium chloride) 

 Ringer's acetate (1 L contains 130 mmol sodium [4.1 g sodium acetate and 5.9 g 

sodium chloride], 0.295 g calcium chloride, 0.3 g potassium chloride, 0.2 g 

magnesium chloride) 

 3% NaCl (1 L contains 30 g [513 mmol] sodium chloride) 

X    Glucose 5% isotonic (1 liter contains 55 g [278 mmol] glucose) 

 Do not know 

________________________________________________________________________________  

                                                           

11 Water per os or 5% glucose is recommended for patients in whom plasma sodium concentration rises too 

rapidly [1,7,8,12]. 



________________________________________________________________________________ 

18. What is the most common cause of over-correction? (check only one) 

X    Large diuresis12 

 Increased sodium secretion 

 Increased water intake 

 Inadequate water intake 

 Increased sodium intake 

 Reduced renal water excretion 

________________________________________________________________________________

_______ 

                                                           

12 Large diuresis is recognised as a common cause of over-correction in the guidelines set by the Danish 

Endocrine Society and Sterns et al. [1,13].  



Final questions 

19. Did you use any aids to complete the questionnaire?  

 No 

 Yes  

If yes, which did you use? (select all that apply) 

 The treatment guideline of the department 

 Pro.medicin.dk 

 The guideline on hyponatraemia from the Association of Clinical 

Endocrinologists  

 Other:_____________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________ 

 

Thank you very much for your participation. If you have any comments to the 

questionnaire or research project, you can write them below or send an email to Per 

Sindahl, pesi@dkma.dk: 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

__________________________________________ 

 

  

mailto:pesi@dkma.dk
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