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I n the laboratory, we often receive phone calls from our clinical 
colleagues with questions about decisions we have made that 
might affect their patient’s care. For example, enquiries about 
why we have rejected a sample or why we were unable to provide 
a particular result due to a pre-analytical or technical error.
 In this series of short articles, we want to try and address 
some of the most common questions we get asked, with the aim 
of educating the wider workforce in a way that is simple to 
understand, about the decisions we make in the laboratory.   
 We hope that with a greater understanding, the number of 
avoidable errors might be reduced.
 In this article, we explore the pre-analytical challenges 
associated with short volume sodium citrate anti-coagulated 
blood samples and why these must be rejected.

In the summer of 2018, we curated the @NHS Twitter 
account for a week, raising the profi le of healthcare 
scientists up and down the country, reaching an online 
audience of around 1.9 million. We used the platform 
to engage with patients, colleagues and the general 
public about the role of healthcare scientists and present 
a transparent insight into what happens in a hospital 
pathology laboratory. 
 Surprising to us, the most popular tweet we put out 
was a question about a blood sample we’d rejected earlier 
that afternoon. We asked, “would you be disappointed 
if this blood sample was rejected?”. We included a 
photograph of an anonymised under fi lled (approximately 
65% fi lled) sodium citrate sample tube, used to collect 
blood for coagulation studies. The response we got from 
clinicians was huge – apparently this is quite the topic 
for debate, however for laboratory staff, the reason for 
rejection is clear, and in this article, we’d like to share with 
you why that is.
 Whilst the majority of those that engaged seemed to 
agree that the sample was under fi lled and, therefore would 
be rejected – not everybody understood why. Many went 
on to share stories of frustration around ‘diffi cult to bleed’ 
patients and persistently rejected blood samples, and quite 
rightly asked the question, “why is it so important for 
these blood samples to be fi lled to the line?
 Firstly, let’s go back to basics with blood tubes. These 
tubes have different coloured lids for good reasons. It’s 
important to know that the different colours represent 
different additives inside the tubes and these colours are 
denoted by an international standard (ISO 6710:2017).1 
These are designed to preserve and protect the integrity 
of blood samples pre-, post- and during analysis. It is 
important that the appropriate additive is selected when 
collecting the blood sample for a particular pathology 
investigation.2 Selecting the wrong colour top, and 
therefore the wrong additive could result in clinically 
signifi cant inaccuracies in the results that are reported, 
with potentially serious medical consequences.
 So, let’s take a look at the sodium citrate tubes. These 

tubes contain a measured amount of buffered trisodium 
citrate solution.3,4 In the healthcare setting you’ll often 
hear it referred to as ‘sodium citrate’ or just ‘citrate’.
 The natural process of blood clotting requires 
calcium ions (Ca++).5 The sodium citrate in this tube, when 
mixed with freshly collected blood, prevents this process 
by withholding the Ca++ in the blood sample.6, 7 When we 
receive the blood sample in the laboratory, part of our 
procedures for investigating a clotting profi le is to re-
introduce Ca++ from a synthetic source which is usually a 
standard reagent.
 Common coagulation tests such as prothrombin 
time (PT) and activated partial thromboplastin time 
(APTT) are performed by adding a measured amount 
of calcium to the plasma of the anti-coagulated blood 
sample, this is expected to replenish the withheld Ca++, so 
that the laboratory-induced clotting can be initiated and 
measured. As this is a measure-for-measure test, it is critical 
to mix the right amount of blood with the right amount of 
citrate.8 Tube manufacturers provide a fi xed and validated 
volume of sodium citrate which is to be mixed with the 
patient’s blood, at a fi xed ratio of 1:9 (citrate solution 
to whole blood). The marker line you see on the tubes 
is a guide to the volume of blood required to achieve 
this ratio. In BD tubes (the ones we use at Morecambe 
Bay), this is commonly a frosted line in the plastic, which 
is the minimum fi ll line. In other tubes, and tubes from 
other  manufacturers, this may be the nominal (i.e. 100% 
fi ll) line.

 The healthcare staff working in the clinical setting who 
are tasked with collecting blood samples can unknowingly 
alter this ratio by collecting a volume of blood that is less 
than what is required. When this happens, the sodium 
citrate to blood ratio is altered and this can become an issue. 
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This means that there will be left-over citrate, which is still 
active and has the potential to interfere with the Ca++ that 
will be added upon testing. This may create uncertainty 
in the validity of the results we produce in the laboratory.8 
For instance, the possibility of an extended PT, as the Ca++ 
we add will take time to reverse the citrate effect leading 
to falsely-prolonged clotting times. Similarly, collecting 
blood from a wing set or IV extension can draw air into the 
tube, resulting in inadvertent under-fi lling and, therefore, 
an insuffi cient volume of blood being collected.
 It’s worth noting that, overfi lling these tubes can also 
cause undesirable alterations to the ratio of citrate and 
blood,8 however, in tubes with a vacuum, you can only 
signifi cantly over-fi ll the tubes by taking the cap off to fi ll 
– this is against manufacturer advice9 and should never be 
done.
 So, is there any room for leniency? No, not really. 
Our advice to anybody collecting blood at Morecambe 
Bay into a sodium citrate tube is to always collect suffi cient 
volume to at least meet or exceed the frosted guide line. 
Studies have demonstrated that clinically signifi cant 
changes to results occur at different levels of under-fi ll for 
different tests.
 For context, let’s take the APTT. Clinically signifi cant 
inaccuracies to the result can occur when less than 89% 
of the required volume is collected.10 Similarly, you can 
expect clinically signifi cant inaccuracies to fi brinogen 
results at around 78% of the required volume, whereas 
more specialist tests such as a Factor VIII assay comes in 
at around 67%.10

 It’s for reasons like these we occasionally have to 
(regrettably) reject specimens, because, like you, we 
(Biomedical Scientists) as professionals are heavily 
regulated and have standards of profi ciencies that we must 
abide to, and although we rarely see them, we take great 
pride in providing the best care we can to our patients. 
 When you are challenged with diffi cult peripheral 
venous access, it may be diffi cult to aspirate a suffi cient 
volume of blood. Many of you shared your stories with 
us on Twitter about patients that were ‘diffi cult to bleed’ 
for all sorts of reasons, and some of you asked, what if it 
simply isn’t realistically possibly to draw enough blood?
 Firstly, for the best clinical outcomes, it is important 
to follow your specimen collection tube manufacturer’s 
instructions as well as your organisation’s venepuncture 
policies, where applicable.
 You may then want to consider selecting a different 
size of sodium citrate tube. For a ‘standard’ sodium citrate 
tube, 2.7ml of whole blood is required. As discussed earlier, 
it is this specifi c volume of blood that, when mixed with 
the sodium citrate inside the tube, achieves the required 
ratio of citrate to blood to perform the tests. Now, 
depending on the manufacturer that the organisation you 
work for acquires blood tubes from, there may be other 
sizes available. Here at Morecambe Bay, we’re able to 
provide our clinical colleagues with tubes that require as 
little as 1.8ml of blood whilst still achieving the required 
ratio, and conversely, for investigations that might require 
a greater plasma yield, we’re also able to provide a larger 
tube that can collect 4.5ml of blood. You should contact 
the Pathology department at your hospital to enquire 
about availability.
 To summarise, unsatisfactory results provide little 
value in the diagnosis or monitoring of a patient and can 

in some cases cause harm, when no action or unnecessary 
action is taken on the back of an inaccurate result. No 
specimen is ever rejected lightly, and when specimens 
are rejected, it’s always in the best interests of the patient 
behind the sample.� � � � � � � � � �
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