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Electrolytes excluding phosphate are measured as part of tests done during blood gas analysis (BGA) using arterial 
blood in Intensive Care Unit (ICU) patients. Phosphate is measured from a venous serum sample since it cannot be 
measured during BGA. Plasma obtained from sodium-heparin anticoagulant is yet to be used as a sample of choice for 
measuring phosphate since it is not clear whether there is clinical equivalence between concentrations obtained from 
venous serum and arterial plasma. It is clinically important that those measurements should give equivalent results and 
confirm the closeness to the absolute value. This study assessed the equivalence of arterial and venous blood phosphate 
concentration. Mean difference between phosphate concentration in plasma and serum was 0.14(t=1.18) p=0.24. 
Phosphate correlation between plasma and serum was r=0.99 [P = 0.00 (< 0.05)]. The study indicated clinical 
equivalence between phosphate concentration in arterial blood plasma and venous blood serum.
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INTRODUCTION
Electrolyte imbalance in hospitalized patients can lead to 
serious and critical events which might adversely affect the 
outcome of the patient hence quick and accurate assessment 
of these disturbances demands immediate medical attention 
(Alanazi, et al., 2015). In Moi Teaching and Referral Hospital 
(MTRH), patient samples for magnesium and phosphate 
measurement are collected by venipuncture and transported 
to the central laboratory for analysis separately from samples 
collected for Blood Gas Analysis (BGA). The same patient will 
then undergo an arterial puncture to obtain blood for BGA, 
thus the patient undergoes trauma twice. Phosphate is among 
the electrolytes found within the body and is involved in 
numerous metabolic processes (Moe, 2008). Almost all 
metabolic processes are dependent upon or are mediated by 
electrolytes (Budak, et al., 2012). Variation in electrolyte 
concentrations may be due to a variety of disorders and such 
disorders must be identified in time to ensure adequate and 
timely treatment as electrolyte abnormalities can represent 
significant risks to life (Budak, et al., 2012). Although frequent 
blood draws can destroy veins, cause pain, and lead to 
anemia, ICU patients typically have routine daily blood tests 
to help detect problems early (Eachempati, 2014). Under such 
circumstances it is important to obtain data quickly so as to 
optimize the therapeutic response interval and allow prompt 
treatment. In order to decrease the number of phlebotomies 
in the ICU, and thereby minimize the general discomfort and 
trauma patients undergo during such activities, it is 
preferable to measure blood electrolytes on the one single 
sample collected for blood gases rather than performing 
additional venipunctures to collect venous blood in order to 
check serum levels of phosphate as has been routinely done.

MATERIALS AND METHODS
This was a cross-sectional study in which 153 paired samples 
were obtained by arterial puncture and venipuncture on 
patients in ICU for obtaining arterial blood and venous blood. 
Arterial blood was collected from the radial artery using 
hepar inized syr inges containing sodium hepar in 
anticoagulant and centrifuged to obtain plasma while venous 
blood was collected from the antecubital vein using non-
heparinized syringes and centrifuged to obtain serum. 
Plasma and serum obtained were transferred into a clean 
analyzer sample cup for magnesium measurement in the 

®automated analyzer COBAS INTEGRA 400 plus (Roche 
diagnostics Germany) located in the biochemistry 
Laboratory of MTRH. Phosphate measurement employs a 
timed-rate method to determine the concentration of 
phosphate in serum and plasma. In the reaction, inorganic 
phosphorus reacts with ammonium molybdate in an acidic 
solution to form a colored phosphomolybdate complex. The 
system monitors the change in absorbance at 365 nm at a 
fixed time interval. This change in absorbance is directly 
proportional to the concentration of phosphate in the sample. 

Ethical approval for the study was sought from MTRH and Moi 
University Institutional Research and Ethics Committee 
(IREC) and approval number was 0002004.

RESULTS
Arterial and venous blood samples were obtained whose 
plasma and serum were analyzed f or  phosphate 
concentrations. Phosphate concentrations obtained from 
plasma and serum were analyzed statistically to obtain mean, 
SD, mean differences and correlations.

Mean difference between phosphate concentration in arterial 
blood plasma and venous blood serum was 1.71+1.02mmol/L 
and mean phosphate concentration in serum was 
1.85+1.09mmol/L. The mean difference between plasma and 
serum was 0.14mmol/L (t=1.18, p=0.24). 

Table 1. Mean difference between phosphate concentra 
tion in arterial and venous blood

N (sample size) =153. Plasma and serum samples were 
obtained from 153 patients to measure phosphate levels. Each 
sample was measured once.

From these results, the p-value is not significant therefore null 
hypothesis is accepted. This means there is no difference in 
phosphate concentration between arterial blood plasma and 
venous blood serum in patients admitted to the ICU at MTRH. 
Donnelly (Donelly, et al., 2009) used lithium heparin plasma 
and serum and compared the values of 27 biochemical 
analyses. For 16 of the 27 tests, statistical differences were 
observed between the mean results obtained from the 
analysis of heparinized plasma and those obtained from the 
analysis of serum (Student t-test; P < .001). However, none of 
these differences were medically significant. Doumas 
(Doumas, et al., 1989)measured 25 analytes in plasma and 
serum from the same blood specimen, for 22 of the analytes, 
values for plasma were practically the same as those for 
serum. Carey (Carey, et al., 2016) found a mean difference of 
0.003 (p=0.47) between simultaneously drawn serum and 
plasma phosphorus in 101 dialysis patients. The above 
studies are reflective of the results obtained in the current 
study indicating that arterial blood plasma can be used in 
place of venous blood serum without getting a difference in 
values.

Correlation between phosphate concentration in arterial 
and venous blood
The correlation between phosphate concentration in arterial 
blood plasma and venous blood serum from 153 patients was 
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N Arterial 
Blood
Mean±SD

Venous 
Blood
Mean±SD

Mean 
Difference

t-value p-value

153 1.71±1.02 1.85±1.09 0.14 1.18 0.24



done using Pearson correlation and r value obtained was 0.99 
[P = 0.00 (< 0.05)]. 

Figure 1. Correlation between phosphate concentration 
in arterial and venous blood.

The p-value obtained is significant therefore null hypothesis 
is rejected and alternative hypothesis accepted. This means 
there is a correlation between phosphate concentration in 
arterial blood plasma and phosphate concentration in venous 
blood serum. O'Keane (O'Keane M & Cunningham S, 2006) 
evaluated serum, plasma lithium heparin and serum gel 
separator for analysis of biochemical analytes. All analytes, 
except potassium, demonstrated equivalence. Carey (Carey, 
et al., 2016) did a study to find the relationship between 
simultaneously drawn serum and plasma phosphorus in 101 
dialysis patients and found r = 1.00. Tze-Kiong (Tze-Kiong Er, 
et al., 2006) analyzed aliquots of serum andheparinized 
plasma samples for sodium (Na), potassium (K), chloride (Cl) 
among other biochemical analytes and percent differences 
between serum versus heparinized plasma samples for all 
analytes ranged from 0.0% to 10.8%. The above studies 
demonstrated equivalence between serum and plasma 
concentration of analytes. Results obtained in the current 
study demonstrated equivalence in phosphate concentration 
between serum and plasma samples suggesting that no 
alteration in concentration occurs in phosphate concentration 
between the two sample matrices.

CONCLUSION
1. Phosphate concentration in arterial blood plasma and 

venous blood serum is not significantly different. 
2. There is correlation between phosphate concentration in 

arterial blood plasma and venous blood serum.
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