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Abstract. The effect of adding sodium heparin 
(5000 U/ml and 1000 U/ml) to whole blood on the 
concentrations of plasma sodium and potassium was 
examined. When the analysis was done by flame 
photometry both preparations of heparin caused an 
increase in plasma sodium concentration. If the anal- 
ysis was done by a direct ion selective electrode 
method the 5000 U/ml heparin caused a decrease and 
the 1000 U/ml caused an increase in plasma sodium 
concentration. Plasma potassium concentration de- 
creased when 1000 U/ml heparin was added irrespec- 
tive of the method of analysis. It is recommended that 
sodium heparin should not be used in samples taken 
for estimation of sodium and potassium. 
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With the availability of modern, self-calibrating 
automated, analytical instruments more and more 
clinical units (especially intensive care units) are mea- 
suring blood gases, glucose, plasma sodium and 
potassium at the bed side [2, 3, 5]. It is common 
practice (at least in some intensive care units) to use 
the same sample for blood gas analysis and sodium/ 
potassium measurement in order to reduce blood loss 
[1]. Recently we encountered a discrepancy in plasma 
sodium results when arterial samples anticoagulated 
with sodium heparin were analysed by flame photo- 
metry and ion selective electrodes (ISE). Although 
this practice is undesirable and to be condemned we 
studied the effect of adding different amounts of 
heparin on plasma sodium estimation by flame 
photometry and direct ISE in order to quantitate the 
magnitude of the change. 

Methods 

Ten millilitres of venous blood were taken from each 
of 10 volunteer subjects. Two millilitres of this blood 
were dispensed into each of five pre-prepared poly- 
propylene bottles, one containing lithium heparin (to 
give a final concentration of 15 U/ml), the remaining 
containing 20~tl or 100 ~tl of 'Heparin Leo 
1000 U/mol' (Leo Pharmaceutical Products), or 20 ~tl 
or 100 ~1 of 'Heparin Leo 5000 U/ml' respectively. 
The contents were gently mixed and the whole blood 
sodium and potassium concentrations were measured 
immediately by a direct ion selective electrode method 
(Instrumentation Laboratory model 502). The re- 
maining samples were centrifuged soon after analysis 
and the plasma sodium and potassium were estimated 
by a flame photometer (Instrumentation Laboratory 
model 943) within one hour of collection. The sodium 
and potassium contents of both heparin preparations 
were also measured by the two instruments. The ana- 
lytical precision (coefficient of variation) of the 
methods were (a) 0.26% (at 143 mmol/1) and 0.56% 
(at 4.1 mmol/1) for sodium and potassium respective- 
ly for flame photometry (b) 0.23% (at 142 mmol/1) 
and 1.0% (at 4.4 mmol/1) for sodium and potassium 
respectively for ISE. 

Using the measured sodium and potassium con- 
centrations of the lithium heparin sample for each 
method as reference, the deviations of the other 
samples were calculated. The results are expressed as 
mean differences for each type and quantity of anti- 
coagulant. 

Results 

The mean concentration of sodium and potassium in 
the 10 samples with lithium heparin as anticoagulant 
was 140.3_0.53 (mean+SEM) and 4.2_+0.11 
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Table 1. The effect of  sodium heparin on plasma sodium and potassium concentrations 

Heparin 

5000 U / m l  1000 U / m l  

20 ~1 100 ~tl 20 lxl 100 111 

Sodium ISE - 0 . 2 + 0 . 2 0  - 2 . 5 + 0 . 1 5  c + 0 . 5 - 0 . 1 8  a + 1.9+0.15 c 
(mmol/1) Flame + 0.6 + 0.43 + 3.5 + 0.49 c + 0.0 + 0.30 + 3.0 + 0.36 c 

Potassium ISE - 0.08 ___ 0.02 - 0.20 + 0.02 c - 0.11 + 0.02 - 0.37 + 0.02 c 
(mmol/1) Flame - 0.05 _+ 0.03 - 0.02 + 0.04 - 0.15 + 0.04 b - 0.40 + 0.03 c 

Two ml of  blood were mixed with 20 Ixl or I00 ~tl of heparin solution and the sodium and potassium concentrations were determined by direct 

ion selective electrodes (whole blood) or by flame photometry (plasma). 

The results are given as mean differences compared to samples taken into l i thium heparin tubes. 

Significance of difference by paired ' t '  test 

a p < 0 . 0 5  
bp<O.O1 

Cp<0.001 

mmol/1 when the analysis was done by flame photom- 
etry and 142.9___0.50 and 4.2_+0.11mmol/1 when 
analysed by direct ISE. When the estimation was done 
by flame photometry, addition of 100 ~1 of heparin 
solution (5000 U/ml or 1000 U/ml) caused a signif- 
icant increase in plasma sodium concentration (Table 
1). Plasma potassium concentration was lower when 
the 1000 U/ml heparin was used. 

When direct ISE was used for the estimations, 
5000U/ml heparin caused a decrease in plasma 
sodium and potassium concentrations and 1000 U/ml 
heparin caused an increase in plasma sodium and a 
decrease in potassium concentrations (Table 1). 

The sodium concentrations of the 5000 and 
1000U/ml heparin preparations were 155 and 
184 mmol/1 respectively when analysed by flame pho- 
tometry and undetectable and 167 mmol/1 respective- 
ly when analysed in the ISE. The potassium concen- 
trations of the 5000 and 1000 U/ml heparin prepara- 
tions were 4.1 and 0.81 mmol/1 respectively by flame 
photometry and 1.6 mmol/1 and undetectable by ISE. 

Discussion 

The flame photometry determines the sodium concen- 
tration in a given volume of fluid irrespective of 
whether the sodium is free or bound. The ion selective 
electrode on the other hand determines the activity of 
sodium in the solution [6]. Therefore, the sodium in 
5000 U/ml heparin preparation must be bound and 
sodium in 1000U/ml heparin must be mostly free 
with some bound sodium. On enquiring from Leo 
Pharmaceutical Products (Denmark) they confirmed 
that the 1000 U/ml heparin is diluted in 0.9% saline 
accounting for the above results. 

The increase in sodium concentration seen when 
the measurement was done by flame photometry 
could be almost entirely accounted for by the addi- 
tional sodium in the heparin solutions. The decrease 
in sodium observed in the direct ISE method when 
100 ~1 of 5000 U/ml sodium heparin is used could be 
due to the dilution of the sample. However, the de- 
crease in plasma sodium expected due to simple dilu- 
tion would be about 12 mmol/1. Thus we suggest that 
when 5000 U/ml heparin is diluted with blood, a 
variable proportion of the sodium in the heparin is 
also measured. This is further supported by the obser- 
vation that the sodium concentration in 1000U/ml 
heparin was 167 mmol/l when measured by ISE. This 
is higher than the expected sodium concentration if 
only the sodium in the diluent (0.9% saline) is mea- 
sured. 

A decrease in pH has been shown to cause an 
apparent increase in plasma sodium concentrations 
when an ISE method is used [7]. However, pH of 
blood samples mixed with 5000U/ml or 1000 U/ml 
heparin changed by less than 0.05 U and therefore 
change in pH cannot account for our results. 

The decrease in potassium concentration seen 
when 1000 U/ml heparin is used can be entirely ac- 
counted for by dilution. However, with 5000 U/ml 
heparin a small or negligible decrease was seen as this 
preparation of heparin has a much higher concentra- 
tion of potassium than the 1000 U/ml heparin. 

Shapiro et al. [4] reported that 100 ~1 of sodium 
heparin had no effect on plasma sodium concentra- 
tion measured by flame photometry. Boidin and 
Jones [1] observed an increase in plasma sodium mea- 
sured by flame photometry, when 5000 U/ml sodium 
heparin was used. These authors advocate the use of a 
heparin solution with added sodium, potassium and 
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calcium (at concentrations similar to normal values) 
to reduce these effects on electrolyte measurement. 
This practice is not satisfactory as patients may have 
abnormal electrolyte concentrations. 

We would like to suggest that the difference in 
electrolyte concentration due to the addition of 
sodium heparin is clinically significant for two 
reasons. The dead space in a 2 ml syringe was found 
to be 70 gl. Although it is recommended that only the 
dead space should be filled with heparin when taking 
samples for blood gas estimation, in our experience it 
is not uncommon for staff to use more than this 
amount of heparin. Secondly, if samples are taken 
from a patient using 5000 U/ml sodium heparin as 
anticoagulant and analysed by one method (say direct 
ISE) and some time later another sample is analysed 
by the other method (flame photometry), then a dif- 
ference of 6 mmol/1 can be obtained without any real 
change in the patients' plasma sodium concentration. 
In fact a "rapid" 'change' in plasma sodium in a child 
in the intensive care unit brought this problem to our 
attention. 

It has to be pointed out that the discrepancy 
observed between sodium results obtained by direct 
ISE and flame photometry when sodium heparin is 
used as anticoagulant may apply only to the heparin 
used in this study. Each laboratory or hospital may 
need to test the heparin used locally to quantitate the 
discrepancy. 

We would like to suggest that clinians who use in- 
struments at the bed side and clinical biochemists 

should be aware of this problem and clinians should 
refrain from using sodium heparin as anticoagulant 
for the estimation of sodium and potassium. 
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