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ABSTRACT

Background: Phlebotomy or drawing of blood sample is one of the initial steps in processing of samples for various
investigations of the patients in clinical laboratory. The sample for various investigation has to follow certain protocol
or order of blood draw into different vacutainers by phlebotomist or the clinical person drawing the blood to avoid
errors in test results. Hence awareness of order of blood draw among them is very essential.

Methods: It is a cross sectional and observational study. Based on CLSI H3-A6 (clinical and laboratory standards
institute) guidelines, a questionnaire consisting of 13 multiple choice questions was prepared after validation and
distributed amongst the nurses, who were on duty during the study. The answers to the questionnaire were analysed
using SPSS version 23. Descriptive statistics was done for all the data collected.

Results: Total 120 nurses participated in this study in a tertiary care hospital. Nurses who were able to identify Color
of the vacutainer with respective to additives (90%), correct order of draw (52%), volume of blood sample collected
in vacutainer (62.9%), sample collected directly into vacutainer with vacuum suction (61.7%) was incomplete. Nurses
also had wrong practices, where sample was transferred from one vacutainer to other (3.3%), collected the blood
sample from the arm which had IV line (28%).

Conclusions: In this study, it was found that awareness on the level of order of blood draw among nurses was found
unsatisfactory. Frequent training and monitoring of work practices should be developed for nurses to reduce the errors
in sample collection.
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INTRODUCTION

Phlebotomy has been practiced for centuries and it is one
of the most common invasive procedures in health care.*?
However, practice varies considerably between countries,
between institutions and individuals within the same
institution.? These differences include variations in blood-
sampling technique, training, use of safety devices,
disposal methods.

Most common pre-analytical (the step from ordering
investigation by concerned doctor to the step, the sample
is loaded on to the instrument for analysis) error, occurs
during blood draw. When multiple samples have to be
collected in different vacutainers containing different
additives, order of draw has to be maintained to ensure
zero contamination/carry over of the additives from one
vacutainer to another. This was first published in the
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American society of clinical pathologists’ (ASCPs)
summary report.3#

As per the CLSI standard H3-A6 guidelines following is
the order of blood draw.® First is blood-culture tubes,
followed by sodium-citrate tube (blue-stopper), serum
tubes with or without clot activator, with or without gel
separator (red, gold, speckled-stopper respectively),
heparin tubes with or without gel (green-stopper), EDTA
tubes (lavender-stopper) and glycolytic inhibitor (grey-
stopper). Failure to follow order of draw leads to wrong
results and subsequently affects treatment decisions.
Hence sufficient training of the professionals involved in
blood sample collection is required. Aim of the study was
to know the awareness of the order of blood draw among
nurses in a tertiary care hospital.

METHODS

This was a cross-sectional and observational study
conducted at St. John’s medical college and hospital,
Bengaluru, Karnataka, India. Study carried out from
November 2018 to October 2019.

Selection criteria

Nurses on duty from each nursing station in the hospital
were included in the study. Staff unwilling to answer /
unable to complete the questionnaire and who did not
give the consent were excluded from the study

Procedure

Based on CLSI H3-A6 guidelines, a questionnaire
consisting of 13 MCQ were prepared, validated and
distributed amongst nurses who gave consent for the
study. Completed questioners were collected and
tabulated using Microsoft excel.

Ethical approval
Institutional ethical clearance was obtained
Statistical analysis

Descriptive statistics was done for all the data collected
using SPSS version 23.

RESULTS

120 nurses with five nurses from each station from
various ward in a tertiary care hospital participated in this
study. The multiple-choice questionnaire was framed
with responses as ‘yes’, ‘no’ and ‘maybe’ as shown in
Table 1. Several nurses (11%) did not know the order of
draw. 11% of nurses were not aware that wrong order of
draw affects clinical results. The 3.3% of them were
transferring the samples from one vacutainer to another
vacutainer. 28% of them were not aware that blood

sample should not to be collected in arm that was
connected to 1V fluids.

Few questions were asked, where nurses had to tick the
correct answer applicable for the question asked as shown
in Table 2. Only 27% of the nurses were collecting the
blood sample via vacuum suction system and 24.2% of
them were collecting the blood sample based on the
number of tests requested. Only 63% of them were able
to answer the correct order of draw. Most of the nurses
were able to identify the heparin, EDTA, sodium citrate
and sodium fluoride tube, but they were not able to match
gel tube and plain tube colours.

Table 1: Knowledge of nurses on order or draw and
practices.

Questions

In the order of blood
draw; blood culture

tubes should be 81 35 4
collected after the (67.5) (29.2) (3.3)
vacutainer with

additives?

In the order of draw

serum tubes should be 68 44 8
collected after the (56.7) (36.7) (6.7)

additive tubes?

In order of draw
fluoride tube should be
collected after ethylene
diamine tetra acetic

87 26 7
(725)  (217)  (5.8)

acid tube?
Red capped vacutainer 85 31 4
contains clot activator?  (70.8) (25.8) (3.3)

Order of draw affects
clinical result and
treatment decision?
The order of draw is a
protocol to be followed
to prevent carry over of
the additives from one
vacutainer to the other?
Have you observed
abnormal results due to
wrong order of draw?
Have you transferred
samples from one 116

89 15 16
(742) (125  (13.3)

89 20 11
(74.2) (16.7) (9.2)

74 37 9
617) (30.8) (7.5

vacutainer to another 2+ &%) (96.7)
vacutainer?

Intravenous fluid is

connected to right arm

and blood is collected 29 86 5
from left arm for (24.2) (71.7) (4.2)

investigation. Does this
affect test results?
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Table 2: Knowledge of nurses on order of draw and
practices.

Percentage of
nurses who
selected as

uestions
Q answers to

respective

guestions (%0)
How do you collect the blood sample?
Draw the blood in the syringe and

transfer to the vacutainer 74(69.2)
Draw the blood directly into the

vacutainer, with vacuum suction 33 (27.5)
blood draw 1V set

Either of the above 13 (10.8)

How do you confirm the volume of blood collected
in vacutainer is sufficient?
Up to the mark given by the company 83 (69.2)
Based on test requested 29 (24.2)
Either of the above 8 (6.7)
% of nurses
Arrange in correct order: a. who selected
Red/Yellow, b. Heparin, c. Culture  correct
bottle, d. EDTA, e. Sodium citrate  coloured cap
and f. Sodium fluoride for each
preservative
Cross match (match the following)

100-Heparin

Heparin Blue with green
colour
99.1-EDTA

EDTA Purple/violet with purple
colour

Gel tube Yellow 9_0.8-Sod|um
citrate

Plain tube Green 90-Sodium
fluoride

Sodium fluoride  Red 62.5-Plain
tube

Sodium citrate Grey 60.8-Gel tube

DISCUSSION

Order of draw is one of the critical preanalytical step in
sample collection. Incorrect order of draw results in
contamination of blood sample by additives from
previous vacutainer, when multiple vacutainer are
involved in sample collection. Wrong results due to
preanalytical errors amount to 46-71% of the total reports
released from the lab, which further leads to wrong
diagnosis and treatment.®

Our results showed, only 52.5% of respondents were
aware of the correct order of multi-tube blood sampling.
This may be due to multiple guidelines available and
improper training as shown by other studies.®

The 30.8% of the responses did not know how to confirm
the volume of blood in respective vacutainer. Incorrect
volume of sample in the vacutainer leads to dilution of
sample by anticoagulants leading to wrong results. This
may be due to lack of awareness or improper training. It
may also be due to insufficient blood flow while
collecting the sample or less volume of blood drawn by
syringe.” It might also be related to the fact that nurses
were used to decide the blood volume based on number
of test requested and add less volume of blood into the
vacutainer for lesser test.3°

For collection of blood sample from patients, 61.7% of
nurses were using vaccum blood collection tubes, 27.5%
of were using syringes and 10.8% of were using both the
vaccum blood collection tubes and syringes. This may be
due to non-availability of vacuum collection system,
difficulty in accessing the vein in elderly and paediatric
patients, where syringe and needle was used more
commonly.*©

Collecting the sample in syringe leads to haemolysis of
the sample, when blood is transferred to vacutainer with
high pressure, with needle intact or not close to side of
the tube without needle, leading to wrong results. As per
our records we have come across 12.3% percentage of
samples haemolyzed per month leading to rejection of
sample and request for repeat sample. The evacuated
tubes system grants a higher safety for the operator and
its environment, because the blood specimen always
circulates in a closed system.''12 It also ensures the
quality of many lab tests, avoiding the mechanical stress
of the blood components produced by dispensing, and
ensuring to fill the tube with the appropriate quantity of
blood for the required additive.

Only 32.5% of the respondents knew that Blood culture
tubes to be collected first followed by additive tubes. This
may be due to lack of awareness about collection method.
Culture tubes to be collected first, as they are sterile and
require blood for investigation without contamination
with environment and additives, for correct test
results.’®® Study by Hall et al showed that 27.8% were
interpreted as contaminants of the samples due to wrong
collection and the report were abnormal.'4

The 43.3% of the respondents answered that blood
sample to be collected in additive tubes followed by
serum tube. 27.5% were collecting the blood sample in
EDTA followed by fluoride tubes. This would have led to
wrong results with high potassium values and request for
repeat sample for analysis. In our tertiary care hospital
we have requested repeat sample for high potassium
values without haemolysis in 20.8% percentage of
patients, which is due to wrong order of draw.

Nurses (29.2%) were unaware that red cap container
contains clot activator. Currently, vacutainer comes with
added clot activator for faster clot formation and serum
separation  (Red capped  vacutainer).”  Further
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modification to this, the vacutainer comes with separator
gel to separate the serum without clot activator, to
prevent haemolysis of the sample.%® Faster clot formation
helps to prevent haemolysis during transportation and
also it reduces the time required for clot formation and
further it can proceed for centrifuge.

More than 90% of the nurses are able to match the
vacutainer with respective cap colour, whereas 40% of
them are not able to recognize the colour difference
between gel tube and plain tube.

The 25.8% of nurses were unaware why the order of
blood draw has to be followed. Also 3.3% of the
respondents were decanting the blood sample from one
additive vacutainer to another, without the knowledge
that it will affect results and treatment decision.

The 28.3% nurses were not aware that, if IV fluid is
connected to right arm and the blood is collected from the
right arm for investigation, it may affect results of the test
in hospitalized patients. Blood from an existing
peripheral venous access site should not be drawn
because this may give false results because of dilution.
Haemolysis, contamination and presence of intravenous
fluid and medication can alter the results.® Nursing staff
and physicians may access central venous lines for
specimens following protocols. However, specimens
from central lines carry a risk of contamination or
erroneous laboratory test results. It is acceptable, but not
ideal to draw blood specimens when first introducing an
in-dwelling venous device, before connecting the cannula
to the intravenous fluids.®

Adiga et al reported that the nursing staff required
training in sample collection especially “the order of
draw”. They also felt that it is very essential to bring an
awareness regarding causes of hemolysis during sample
collection and factors contributing to pre analytical errors
necessitates an intervention, in the form of training
program.*’

Cai et al conducted a study in China from four economic
region, where 13 specialized hospital were included in
the study and they found that only a small proportion of
the nurses (15.5%) were aware of the correct order of
multi-tube blood sampling. There was requirement to
strengthen education with a focus on phlebotomy.°

Twelve European countries participated in the study by
Simundic et al. They concluded that, phlebotomy staff
have less awareness on patient safety and sample
collection which causes hemolysis of the blood sample.
They also showed that nursing staff require attention
towards blood draw protocol.202

Yiiksel et al also concluded that healthcare workers’
awareness should be evaluated in terms of preanalytical
variables and issues that need improvement should be
determined. Then, continuous programs for educating

healthcare workers, such as nurses, health officers, and
laboratory technicians, should be planned. Certification
programs will contribute to this process.®

Simundic et al conclude the following for European
countries, that there is a need to assess the quality of
current practices, compliance to the CLSI H3-A6
guidelines and to identify most critical steps which occur
during phlebotomy, in different healthcare settings.
Existing CLSI H3-A6 phlebotomy guidelines should be
adapted and used locally by all. National European
federation of clinical chemistry and laboratory medicine
societies need to be engaged in basic training program
development and continuous education of healthcare
phlebotomy staff. 2

Limitation of the studies are less sample sizes.
Phlebotomy staff are not included in this study. Detailed
work experience of nurses was not collected. Because of
frequent exchange of posting of nurses from one ward to
another ward, it is difficult to point out the nurses, who
are involved in wrong order of draw, to have focused
training.

CONCLUSION

In this study the awareness on the order of blood draw
among nurses was found unsatisfactory. There was
incorrect order of draw, wrong sample volume collection,
wrong practices being followed. Frequent training and
monitoring of work practices on order of blood draw
should be developed for nurses to reduce the errors in
sample collection.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Lavery I, Ingram P. Blood sampling: best practice.
Nursing Standard. 2005;19:55-65.

2. WHO guidelines on drawing blood: Best practices in
phlebotomy. 2010. Available at: http://www.euro.
who.int/_data/assets/pdf_file/0005/268790/WHOgui
delines-on-drawing-blood-best-practices-in-
phlebotomy-Eng.pdf?ua-1. Accessed on 16" May
2020.

3. Sun N, Knauf R. Cross contamination solved by
technique. ASCP Summary Rep. 1977;14:3.

4. Calam R, Cooper M. Recommended order of draw
for collecting blood specimens into additive-
containing tubes. Clin Chem. 1982;28:1399.

5. McCall R, Tankersley C. Phlebotomy Essentials. 3"
ed. Lippincott Williams and Wilkins. Philadelphia,
PA. 2003.

6. Plebani M. Errors in clinical laboratories or errors in
laboratory medicine? Clin Chem Lab Med.
2006;44(6):750-9.

International Journal of Research in Medical Sciences | October 2022 | Vol 10 | Issue 10 Page 2249



10.

11.

12.

13.

14.

15.

Mahato RK et al. Int J Res Med Sci. 2022 Oct;10(10):2246-2250

Bush V, Cohen R. The Evolution of Evacuated
Blood Collection Tubes. Lab Med. 2003;34:304-10.
Salvagno G, Lima-Oliveira G, Brocco G, Danese E,
Guidi GC, Lippi G. The order of draw: myth or
science? Clin Chem Lab Med. 2013;51:2281-5.
Yiiksel H, Kaplan I, Toprak G, Evliyaoglu O, Kus S,
Azizoglu M et al. A questionnaire study among
nurses: awareness of blood and urine sample
collection procedures. Clin Chem Lab Med.
2014;52(8):159-61.

Kimani D, Kamau R, Gadde R, Selenic D, Maina S,
Marum L et al. Findings of phlebotomy practices in
Kenya in 2010: need for action. J Infect Dis.
2016;213(2):S53-8.

McGuff J, Popovsky MA. Needlestick injuries in
blood collection staff. A retrospective analysis.
Transfusion. 1989;29:693-5.

Holton J, Prince M. Blood contamination during
venipuncture and laboratory manipulations of
specimen tubes. J Hosp Infect. 1986;8:178-83.
Simundic AM, Cornes MP, Grankvist K, Lippi G,
Nybo M, Ceriotti F et al. Colour coding for blood
collection tube closures-a call for harmonisation.
Clin Chem Lab Med. 2015;53:371-6.

Hall KK, Lyman JA. Updated Review of Blood
Culture Contamination. Clin  Microbiol Rev.
2006;19(4):788-802.

Clinical Laboratory Standards Institute. Procedures
for collection of diagnostic blood specimens by
venipuncture; approved guideline, 6™ ed. CLSI
document H3-A6. Wayne, PA: Clinical and

16.

17.

18.

19.

20.

21.

Laboratory Standards Institute. 2007. Available at:
https://clsi.org/media/1372/gp4led7_sample.pdf.
Accessed on 161 May 2020.

Kolthoff IM, Sandell EB, Meehan EJ, Bruckenstein
S. Quantitative chemical analysis, 19954;1969:1150.
Adiga U, Adiga S. Assessment of Knowledge and
Skills of Phlebotomy Technique among Nursing
Staffs of a Teaching Hospital. IOSR Journal of
Biotechnology and Biochemistry 2017;3(2):10-2.
Norberg A, Christopher NC, Ramundo ML, Bower
JR, Berman SA. Contamination rates of blood
cultures obtained by dedicated phlebotomy vs
intravenous catheter. JAMA. 2003;289(6):726-9.

Cai Q, Zhou Y, Yang D. Nurses’ knowledge on
phlebotomy in tertiary hospitals in China: a cross-
sectional multicentric survey. Biochem Med.
2018;28(1):010703.

Simundic AM, Church S, Cornes MP, Grankvist K,
Lippi G, Nybo M et al Compliance of phlebotomy
with CLSI H3-A6 guidelines. Clin Chem Lab Med.
2014;10:1515-53.

Simundic AM, Cornes MP, Grankvist K, Lippi G,
Nybo M, Kovalevskaya S et al. European survey on
phlebotomy. Clin Chem Lab Med. 2013;51(8):1585-
93.

Cite this article as: Mahato RK, Shanthaveeranna
GK, Devanath A. Awareness of order of blood draw
among nurses in tertiary care hospital. Int J Res Med
Sci 2022;10:2246-50.

International Journal of Research in Medical Sciences | October 2022 | Vol 10 | Issue 10  Page 2250



