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AbstrAct
Background Acute haemolytic transfusion reactions due 
to ABO incompatible blood transfusion remain a leading 
cause of transfusion-associated morbidity and mortality 
in the USA. Erroneous patient identification and specimen 
labelling account for many errors that lead to ABO 
mistransfusions; these errors are largely preventable.
Methods Our hospital requires a two-sample process of 
ABO/Rh typing prior to transfusion. Both samples must 
be drawn independently. To prevent simultaneous sample 
draw, our second sample tube has a unique pink top that 
is only available from the blood bank and can only be sent 
to the patient’s floor once the first sample arrives in the 
lab. We performed an audit of this process from 19 March 
to 30 July 2014 and 19 March to 30 July 2015.
Results We reviewed type and crossmatch orders 
for 2702 new patients during the audit period 
and 824 patients (30.5%) required transfusion. All 
patients evaluated received compatible blood, and no 
mistransfusions were recorded using this method. Three 
per cent of testing was performed incorrectly, which safely 
defaulted to giving type O blood.
Conclusions The two-sample protocol used by our 
institution can decrease the risk of mistransfusion. Our 
protocol was relatively inexpensive, safe, efficient and 
practical for adaptation by other hospitals.

InTroducTIon
For most of the red blood cell (RBC) trans-
fusion era, quality improvement and public 
focus has been on preventing the transmis-
sion of infectious diseases. Over the last 
several decades, infection from blood trans-
fusion has become increasingly rare; however, 
the problem of ABO incompatible RBC trans-
fusion remains a major issue.1–3 The risk of 
ABO incompatible transfusion is estimated 
to be about three times the combined risk 
of HIV, hepatitis B virus and hepatitis C virus 
transfusion-related infections.2 ABO incom-
patible transfusions are preventable and 
are considered a ‘never event’ by The Joint 
Commission, one of the largest healthcare 
accreditation organisations in the USA.4 

The major complication of ABO incompat-
ible transfusion is an acute haemolytic transfu-
sion reaction, which remains a leading cause of 

transfusion-associated morbidity and mortality 
today.5 The estimated incidence of ABO incom-
patible transfusion ranges between 1:38 000 
and 1:100 000.6 7 Considering that approxi-
mately two-thirds of transfused units would 
be ABO compatible by chance, the actual risk 
of mistransfusion may be severely underesti-
mated.8 Some countries report an ABO incom-
patible transfusion rate as high as 1:400.9 The 
estimated mortality from ABO incompatible 
transfusions ranges from 5.5% to 14% with a 
risk of death being 1:1.5 million to 1:2 million 
RBC transfusions.3 5 7

The process of blood transfusion requires 
multiple layers of verification, teamwork and 
a transparent interface between the labora-
tory and clinical setting.10 Human error still 
exists as a major cause of ABO incompatible 
transfusion despite advances in technology 
and electronic medical records.10 Most of the 
errors involve patient identification, patient 
monitoring and specimen labelling.10 Erro-
neous patient labelling of blood samples or 
wrong-blood-in-tube (WBIT), remains one 
of the leading causes of ABO incompatible 
transfusion in the USA.3 According to one 
multinational study involving 62 hospitals, 
WBIT accounts for up to 0.09% of samples 
collected. For several decades, many hospitals 
have adopted a ‘check-type’ or ‘two-sample’ 
method for decreasing ABO mistransfu-
sion due to WBIT errors. In this protocol, 
two sample blood types are independently 
drawn with ABO testing performed on both 
of them. Multiple studies have confirmed the 
ability of a two-sample method to prevent 
ABO mistransfusions and WBIT errors.8 11–13 
In the following sections, we describe our 
modifications to the two-sample method and 
the results of our audit to evaluate its safety, 
efficiency and areas for improvement.

MeThods
The purpose of this study was to perform an 
audit of our hospital protocol to assess its 
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efficiency and safety over two time periods. In addition to 
verifying our two-sample method, we aimed to assess our 
use of non-emergency, uncrossmatched type O blood. By 
using data from the blood bank that was spaced exactly 
1 year apart, we designed our audit to examine if results 
were reproducible and consistent and to decide if any 
intervention would be needed to improve our process.

Froedtert Hospital and the Medical College of 
Wisconsin is an academic tertiary care centre with 784 
beds, a level 1 trauma centre, an obstetric and delivery 
centre and a cancer centre which provides haematopoi-
etic stem cell and solid organ transplant services. Each 
year, our transfusion medicine service crossmatches over 
20 000 RBC units. Six years ago, our institution began 
using a two-sample protocol, which aimed to prevent 
ABO mistransfusion and improve the utilisation of our 
resources. This policy requires that for RBC transfusions, 
ABO type-specific red cell units would not be issued 

until there are two separate and identical blood types on 
file that are collected from two different phlebotomies. 
The details of the protocol are shown in figure 1. Until 
a second ABO type is performed on an independently 
drawn phlebotomy sample, only type O red cells can be 
released for the patient. The second sample drawn is of 
no cost to the patient. If the patient has a prior blood type 
on file performed by the blood bank, a second sample 
blood type is not required. The current sample drawn for 
testing is sufficient to confirm the historical blood type. 
For patients new to the blood bank, a specimen located 
in the lab from a prior phlebotomy can substitute as a 
second sample so long as it is collected in an appropriate 
preservative (tubes used for complete blood counts are 
commonly obtained) and is appropriately labelled (date/
time of draw and phlebotomist initials are on the tube). 
We refer to this as a ‘storage sample’. If there is no storage 
sample available, the patient’s nurse is notified by the 

Figure 1 Protocol for blood typing new patients.
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blood bank that they will be receiving a pink top tube for 
a second draw for ABO confirmatory testing. These pink 
top phlebotomy tubes can only be supplied by the blood 
bank and cannot be found anywhere else in the hospital 
(figure 2). Moreover, these tubes are a different size than 
the standard tubes used for blood bank testing, so both 
colour and volume help distinguish these tubes. Once the 
second sample in a pink top tube is received in the lab, 
ABO testing is performed to ensure matching ABO blood 
types between the first and second sample. On verifica-
tion, the appropriate ABO type-specific blood is released 
for that patient, and all future samples from the patient 
will be compared against these original results.

We performed an audit to confirm the safety and effi-
ciency of this process. All new patients requiring a type 
and screen or a type and crossmatch from 19 March to 
30 July 2014 and 19 March to 30 July 2015 were included 
in the audit. The audit was performed retrospectively as 
a part of a clinical quality initiative and did not change 
the way blood samples were collected or processed. More-
over, there were no improvement interventions applied to 
our two-sample protocol before, during or between audit 
time periods. Data collected for each sample included the 
type of second blood type sample used (pink top or other 
tube), and the subsequent blood ABO-type prepared and 
sent to the patient if needed. No patient-specific identi-
fiers were collected as a part of this audit.

Descriptive statistics were used to summarise audit char-
acteristics. Audit variables collected between the 2 years 
were compared using the Fisher’s exact test for categor-
ical variables. A statistical significance (alpha) level of 
0.05 was used throughout.

resulTs
Over those two time periods, a total of 2702 new patients 
were typed for ABO. A pink top sample was required 

for 1782 (66%) of these samples, and 921 (34%) used 
a storage sample. Of the evaluated patients, 824 (31%) 
required a RBC transfusion.

All patients were transfused with compatible blood and 
there were no ABO incompatible mistransfusions. Of 
those who received transfusions, ABO-matched blood was 
given to 748 (91%), requested emergency blood (type O 
blood) was provided to 51 patients (6.2%) and 25 (3%) 
were given type O red cells without emergency need 
(figure 3). Overall, the protocol was not performed opti-
mally in 3% of patients (n=83/2702, 3%), where either an 
unnecessary second sample was requested when a storage 
sample was available (n=58/2702, 2.1%) or a second ABO 
type was not drawn prior to product request resulting in 
type O blood being used for a non-emergency transfu-
sion (n=25/824, 3%). The blood bank required an ABO 
retype on the current sample if products were needed 
for transfusion and the second sample pink top was not 
received. In 1.6% of patient testing, the blood bank failed 
to perform the ABO retype on the current sample prior 
to blood product dispense. These patients still received 
type O blood since a second sample ABO had not been 
received. There was a small but statistically significant 
reduction in the release of non-emergency type O units 
between 2014 and 2015 (19/436, 4.4%, 2014; 6/388, 
1.5%, 2015, p=0.02).

dIscussIon
We described our institution’s use of the two-sample 
protocol with several modifications, including the use of 
a pink top tube for second samples, to further prevent 
ABO mistransfusion. The results of our audit confirmed 

Figure 2 Picture of a pink top tube and a normal tube. Once 
the first, independently drawn blood sample is returned to the 
lab, a pink top tube is sent to the patient floor for collection 
of the second confirmatory blood sample. Pink top tubes are 
only available in the blood bank for distribution. Figure 3 Representation of blood product distribution: 

type O blood was given to 51 (6%) patients with emergency 
need for blood and 25 (3%) without emergency need. The 
remaining 748 (91%) received ABO-matched blood.
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that the method successfully and reproducibly prevented 
mistransfusion in our hospital, as no incompatible trans-
fusions were recorded during the two audit periods and 
maximised the use of limited resources. Our audit further 
revealed that only 3% of patients received non-emer-
gency type O donor blood which was deemed acceptable, 
as the protocol was designed to default to giving univer-
sally compatible type O blood.

Healthcare systems are mandated to implement systems 
to reduce medical errors such as mistransfusion.14 Many 
solutions have been proposed, some of which included 
radiofrequency identification tags, staff education, process 
auditing, automating steps of the transfusion process, 
checklists, periodic review of protocols, two-sample 
requirements and documenting previous ABO determi-
nations.1 8 10 12 The two-sample or ‘check-type’ method 
has been shown in multiple studies to decrease WBIT 
errors and is one of the most significant solutions to be 
implemented in the transfusion process.8 12 However, this 
method is imperfect. Previously published disadvantages 
to the two-sample method included added cost, inconve-
nience to the patient or phlebotomist, delays in providing 
blood and increased type O blood use.8 The audit of our 
specific protocol showed that utilising storage samples 
minimised many of these possible disadvantages, as 
roughly one-third of patients had a storage sample that 
could be used for a second ABO type without needing 
a second blood draw. By using these storage samples, 
our process reduced the need for a second needle stick 
in many instances, minimised the time required by phle-
botomists and decreased the time interval between the 
request and release of ABO-matched red cells. In a study 
of the two specimen requirement by Goodnough et al, 
their inventory of O negative uncrossmatched blood was 
minimally affected by this protocol.13 We found our data 
to be consistent with their findings, as 3% of our trans-
fused blood was non-emergency type O, and we felt this 
amount to be acceptable.

The use of the pink top tube in our process adds a 
visual cue to reduce the risk of errors that could lead to 
mistransfusion. Use of visual cues in the practice of medi-
cine have been extensively studied as a means to reduce 
errors and have been previously shown to improve hand 
hygiene compliance, nursing task execution and decrease 
falls in the elderly.15–17 A known safety concern regarding 
the two-sample method is the potential for ancillary staff 
to draw both blood samples at the same time, increasing 
the chance for WBIT errors. Our second sample protocol 
modification required that the second tube could only be 
released by the blood bank to the blood provider after 
a first tube was received. Moreover, the colour, size and 
limited availability of these tubes successfully provided 
a unique cue for phlebotomists, increasing the chances 
that the second blood draw would be done correctly.

This audit study did have some limitations. First, our 
audit sample size was relatively modest, and so unde-
tected weaknesses to our protocol may have been missed. 
Also, the audit did not specifically require that patient 

clinical data was obtained, and thus, reasons for transfu-
sion or the urgency for transfusion could not be ascer-
tained other than that reported to the transfusion service. 
However, these details were considered beyond the scope 
of the audit, as the audit was specifically intended to eval-
uate the protocol itself and not the clinical decisions that 
lead to a blood order. Lastly, we could not determine 
with certainty the reason for the reduction in number of 
non-emergency type O units between audit year 2014 and 
2015. While we speculate that the change may have been 
due to increased technologist awareness that an audit was 
being done, the data collected by this audit was not suffi-
cient to identify the cause.

Despite advances in technology, ABO incompatible 
transfusion still exists as a major cause of transfusion-re-
lated morbidity and mortality.18 High demands for blood 
transfusion persist, as there are over 15 million units of 
blood transfused each year in the USA and 85 million 
units of blood transfused worldwide.19 The use of a pink 
top tube as a part of a two-sample protocol for prevention 
of mistransfusion is safe and effective despite the high 
transfusion demand at our institution.

Acknowledgements We would like to thank Kenneth Friedman for his invaluable 
comments to this manuscript.

Contributors CG and MSK planned the study, analysed the data, prepared the 
manuscript for publication and designed all figures and tables. Acquisition of data 
was performed by CG, AB and EC. Critical evaluation of the protocol and its methods 
and revision of the manuscript was performed by CG, ZJ, JG and AT. 

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

Competing interests None declared.

Patient consent Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement There is no additional data from this audit that was not 
published in this study.

Open access This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work 
non-commercially, and license their derivative works on different terms, 
provided the original work is properly cited, appropriate credit is given, 
any changes made indicated, and the use is non-commercial. See: http:// 
creativecommons. org/ licenses/ by- nc/ 4. 0/.

references
 1. Ahrens N, Pruss A, Kiesewetter H, et al. Failure of bedside ABO 

testing is still the most common cause of incorrect blood transfusion 
in the Barcode era. Transfus Apher Sci 2005;33:25–9.

 2. AuBuchon JP, Kruskall MS. Transfusion safety: realigning efforts with 
risks. Transfusion 1997;37:1211–6.

 3. Janatpour KA, Kalmin ND, Jensen HM, et al. Clinical outcomes 
of ABO-incompatible RBC transfusions. Am J Clin Pathol 
2008;129:276–81.

 4. Sentinel Events.  Jointcommission. org. https://www. jointcommission. 
org/ assets/ 1/ 6/ CAMLAB_ SE_ 0717. pdf (accessed 30 May 2018).

 5. MacIvor D, Triulzi DJ, Yazer MH. Enhanced detection of blood 
bank sample collection errors with a centralized patient database. 
Transfusion 2009;49:40–3.

 6. Linden JV, Wagner K, Voytovich AE, et al. Transfusion errors in 
New York State: an analysis of 10 years' experience. Transfusion 
2000;40:1207–13.

 7. Stainsby D, Russell J, Cohen H, et al. Reducing adverse events in 
blood transfusion. Br J Haematol 2005;131:8–12.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.transci.2005.04.006
http://dx.doi.org/10.1046/j.1537-2995.1997.37111298088055.x
http://dx.doi.org/10.1309/VXY1ULAFUY6E6JT3
https://www.jointcommission.org/assets/1/6/CAMLAB_SE_0717.pdf
https://www.jointcommission.org/assets/1/6/CAMLAB_SE_0717.pdf
http://dx.doi.org/10.1111/j.1537-2995.2008.01923.x
http://dx.doi.org/10.1046/j.1537-2995.2000.40101207.x
http://dx.doi.org/10.1111/j.1365-2141.2005.05702.x


 5Glisch C, et al. BMJ Open Quality 2018;7:e000270. doi:10.1136/bmjoq-2017-000270

Open access

 8. Figueroa PI, Ziman A, Wheeler C, et al. Nearly two decades using 
the check-type to prevent ABO incompatible transfusions: one 
institution's experience. Am J Clin Pathol 2006;126:422–6.

 9. Murphy MF, Casbard AC, Ballard S, et al. Prevention of bedside 
errors in transfusion medicine (PROBE-TM) study: a cluster-
randomized, matched-paired clinical areas trial of a simple 
intervention to reduce errors in the pretransfusion bedside check. 
Transfusion 2007;47:771–80.

 10. Henneman EA, Avrunin GS, Clarke LA, et al. Increasing patient safety 
and efficiency in transfusion therapy using formal process definitions. 
Transfus Med Rev 2007;21:49–57.

 11. Thomas W, Davies J, Asamoah A, et al. Two samples for blood 
transfusion: single centre experience. Transfus Med 2014;24:209–12.

 12. Ansari S, Szallasi A. 'Wrong blood in tube': solutions for a persistent 
problem. Vox Sang 2011;100:298–302.

 13. Goodnough LT, Viele M, Fontaine MJ, et al. Implementation of a 
two-specimen requirement for verification of ABO/Rh for blood 
transfusion. Transfusion 2009;49:1321–8.

 14. Kohn LT, Corrigan J, Donaldson MS. To err is human: building a 
safer health system. Washington, DC: National Academy Press, 
2000.

 15. Jeske L, Kolmer V, Muth M, et al. Partnering with patients and 
families in designing visual cues to prevent falls in hospitalized 
elders. J Nurs Care Qual 2006;21:236–41.

 16. Nevo I, Fitzpatrick M, Thomas RE, et al. The efficacy of visual 
cues to improve hand hygiene compliance. Simul Healthc 
2010;5:325–31.

 17. Grundgeiger T, Sanderson PM, Orihuela CB, et al. Prospective 
memory in the ICU: the effect of visual cues on task execution in a 
representative simulation. Ergonomics 2013;56:579–89.

 18. Alter HJ, Klein HG. The hazards of blood transfusion in historical 
perspective. Blood 2008;112:2617–26.

 19. Carson JL, Grossman BJ, Kleinman S, et al. Red blood cell 
transfusion: a clinical practice guideline from the AABB*. Ann Intern 
Med 2012;157:E.

http://dx.doi.org/10.1309/C6U7VP87GC030WMG
http://dx.doi.org/10.1111/j.1537-2995.2007.01189.x
http://dx.doi.org/10.1016/j.tmrv.2006.08.007
http://dx.doi.org/10.1111/tme.12122
http://dx.doi.org/10.1111/j.1423-0410.2010.01391.x
http://dx.doi.org/10.1111/j.1537-2995.2009.02157.x
http://dx.doi.org/10.1097/00001786-200607000-00008
http://dx.doi.org/10.1097/SIH.0b013e3181f69482
http://dx.doi.org/10.1080/00140139.2013.765604
http://dx.doi.org/10.1182/blood-2008-07-077370
http://dx.doi.org/10.7326/0003-4819-157-1-201206190-00429
http://dx.doi.org/10.7326/0003-4819-157-1-201206190-00429

	Evaluation of a two-sample process for prevention of ABO mistransfusions in a high volume academic hospital
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


