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Where is Wolverhampton? 
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Samples Errors 
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Where is Order of draw Important? 
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Problems Associated with incorrect Order of Draw 

• Hypernatremia    Sodium Citrate / NaEDTA 

• Hyperkalaemia 

• Hypocalcaemia 

• Hypomagnesaemia 

• Low Zinc 

• Low Iron 

• Low ALP 

• Poor coagulation  transfer of anticoagulants 

• Dilution effects  tipping of samples 

kEDTA 
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Case 

• Sodium  136 mmol/L (135 - 145) 

• Potassium 7.1  mmol/L  (3. 5- 5.0) 

• Urea  5.1  mmol/L  (1.0 -7.0) 

• Creatinine 71   mol/L    (60 – 120) 

•   

• Calcium     1.39 mmol/L (2.10- 2.60) 

• Alk Phos   35 IU/ L      (30 –130)   

• Albumin    40 g/L  (36 – 52)    

Cause 

•Suspected potassium EDTA contamination 
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Order of Draw 
• Originated based on a paper from 1982 by 

Calam and Cooper 

• Still referenced in CLSI guidelines. 

Clin Chem. 1982 Jun;28(6):1399 
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CLSI Guidelines 
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Is Order of Draw a Myth? 
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• Dr Cornes notes that the evidence in support of a strict 
order of draw is virtually non-existent, but still 
recommends that this process occurs. 

• Just another one of those outdated practices and/or 
myths in health practice that are so hard to shift? 

• draw a CBC before a chemistry AND expect hypocalcemia 
and hyperkalemia in the chemistry specimen! 

• In a large system core laboratory, we see the typical 
pattern of hyperkalemia/hypocalcemia at least once a 
week 

• We can expect an uptick in those typical 
hyperkalemia/hypocalcemia cases now as the 
uninformed nurses spread word that "it doesn't matter". 

• The order of draw is an established best practice, and 
must remain so, if only to not confuse phlebotomists at 
large. 

• as Dr. Cornes says, when ideal phlebotomy is not 
possible, and since following the "best practice" of 
established order of draw has no detrimental impact on 
results, we must continue this as the best practice, 
especially as it's taken such a long time and practice to 
get embedded internationally.  
 

Controversy! 
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Am J Clin Pathol. 2012 Jun;137(6):900-3 
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Int J Lab Hematol. 2015 Feb;37(1):50-5 
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J Clin Pathol. 1996 Dec;49(12):1019-20 
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Clin Chem Lab Med 2013 Dec;51(12):2281-5 
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Our Studies! – Adding EDTA analysis. 

J Clin Pathol. 2011 Nov;64(11):1019-20 
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CONCLUSIONS 

•Incorrect order of draw 
under ideal phlebotomy 
conditions does not cause 
EDTA contamination 
irrespective of closed blood 
collection systems 

Br J Biomed Sci. 2012;69(3):136-8 
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The Science! (Or Reality) 
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• Contamination by even 
small amounts (5%) of 
EDTA affects Calcium, 
Magnesium, potassium 
Chloride and LDH 

• Iron, phosphate and 
Sodium are ok up to 30% 

Biochem Med (Zagreb). 2014 Oct 15;24(3):359-67 
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Relevance of EDTA carryover during blood collection. 
Clin Chem Lab Med. 2015 Jan 23. pii: /j/cclm.ahead-of-print/cclm-2014-0944/cclm-
2014-0944.xml. doi: 10.1515/cclm-2014-0944. [Epub ahead of print] 
Cadamuro J, Felder TK, Oberkofler H, Mrazek C, Wiedemann H, Haschke-Becher E. 

Clin Chem Lab Med 2015 Jan 23 Ahead of Print 
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Sodium citrate contamination. 

Ann Clin Biochem. 2011 Jan;48(Pt1):87-8 
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EDTA contamination was defined as the presence of hyperkalemia (when 
serum potassium was over 5.8 mmol/L), hypocalcemia (when serum adjusted 
calcium was < 2.00 mmol/L), and hypomagnesemia (when serum magnesium 
was < 0.66 mmol/L) with normal renal function. 

Clin Chem Lab Med 2015 Jan;53(1):e9-e12 
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Biochem Med (Zagreb). 2013;23(2):218-23 
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Ann Clin Biochem. 2008 Nov;45(Pt 6):601-3  / Int J Clin Pract. 2009 Aug;63(8): 1259-62 
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• All hyperkalaemic samples over a 1 month period from 5 different hospitals 

covering 3 different tube manufacturers were analysed 

 

• Gross contamination is easy to identify 
• Modest EDTA causing spurious hyperkalaemia can only confidently be 

identified by measuring EDTA 

Clin Lab. 2010;56(11-12):597-9 
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What are the mechanisms of EDTA contamination. 

• 3 possible mechanisms 

1) Direct transfer 
o Easily identified 

2) Backflow due to incorrect order of draw 
o Appears not to be the case under ideal phlebotomy 

conditions 

3) Syringe needle contamination 
o Best current hypothesis when combined with incorrect 

order of draw 
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What is the source of contamination? - Hypothesis 
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• Hypothesis: Is it is due to syringe transfer? 

 

What is the source of contamination? - Hypothesis 

52% of samples taken with 
a syringe 

All of these can potentially lead 
to contamination if an 
incorrect order of draw is 
performed. 

Ann Clin Biochem. 2011 Nov;48(Pt6):562-5 
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• Hypothesis: Is it is due to syringe transfer? 
 

What is the source of contamination? - Hypothesis 

Ann Clin Biochem. 2011 Nov;48(Pt6):562-5 
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What Should we do? 

• Develop Assays 
– EDTA assay was developed in house to aid the detection of 

contamination 

• Develop Algorithms 

– Surrogate markers for EDTA if no assay 

 

 

Ann Clin Biochem. 2008 Nov;45(Pt 6):601-3 
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Algorithms – 

High Potassium 

Clin Chim Acta. 2011 Jan 14;412(1-2):1-6 
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Algorithms – High 

Sodium 
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Conclusions 

• Many opinions on Order of Draw. 

• Reverse order of draw using closed loop venesection systems 

as a cause of sample cross-contamination is a myth. 

• Science shows that it still occurs 

• There is no disadvantage in following a set order of draw.  

• Sample cross-contamination is not uncommon and further 

studies are required to investigate and confirm other 

mechanisms of sample cross-contamination in order to 

implement focused appropriate preventive measures. 
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Thanks for listening. 

• Questions? 

– Michael.cornes@nhs.net 

http://intranet/


Question 1 

• How do you currently spot EDTA 

contamination? 

– Specific assay? 

– Surrogate markers? 

– Chance (unbelievable results. 

– We don't do anything 
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Question 2 – What could explain this? 

• GP sample 

– Indirect Na 170mmol/L  

– Direct Na 145mmol/L 

– K 2.7mmol/L 

– Urea 5.5mmol/L 

– Creatinine 46umol/L 

– Glucose 4.8 mmol/L 

– Cl 64mmol/L 

– Osmo 272mOsm/Kg 

(Calculated = 355) 

 

• Repeat of bloods in 2° care 

– Indirect Na 137mmol/L  

– Direct Na 135mmol/L 

– K 4.0mmol/L 

– Urea 8.3mmol/L 

– Creatinine 52umol/L 

– Cl 103mmol/L 

– Osmo 290mOsm/Kg 

(Calculated = 295.6) 
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Answers 

• A – Hypoproteinamia 

• B - Sample contamination 

• C – Sample Mix up 

• D – Faulty Equipment 

• E – Don’t Know 
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Question 3 

• Is Order of Draw still important in modern 

practice? 

– A = Yes 

– B = No 

– C = Still Unsure 
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