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Abstract

Background: A review of the literature shows that the role
of laboratory diagnostics in the multidisciplinary concept
of patient blood management (PBM) is underrepresented,
so the contribution that laboratory diagnostics can make
needs to be elucidated.

Methods: The central objective of this study was to
decrease the volume of blood drawn for laboratory dia-
gnostics as part of a hospital quality management project
focussed on increasing efficiency and reducing the turn-
around time (TAT) of laboratory results. Optimization
potential within the complete preanalytical process was
reviewed to obtain potential improvement measures.
These measures fell into two groups: training to reduce
preanalytical errors in the entire hospital and using blood
collection tubes with lower nominal fill volumes.

Results: A validation of the success of these measures was
performed after 1 year. The occurrence of several blood
collection non-compliances had decreased substantially.
By changing the blood collection tube volume, approxi-
mately 177 L less patient blood was drawn for diagnostic
purposes in the 384-bed hospital per year. For geriatric
and intensive care unit (ICU) patients, there was a very
significant reduction in diagnostic blood loss (-27.2% ICU,
-42.5% geriatric patients). The number of tubes used per
patient per day decreased by 13%.

Conclusions: In conclusion, this approach represents an
important lab-side contribution to PBM concepts.
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Introduction

Due to medical, social and economic changes, there is a
growing scarcity of donated blood, as well as awareness
and evaluation of immunomodulation by allogeneic blood
transfusions (TRIM). This has led to different approaches
to reduce the number of blood transfusions. One of these
approaches is the multidisciplinary patient blood man-
agement (PBM) concept, which has been promoted by the
World Health Organization (WHO) since 2011 [1]. Presurgi-
cal examinations for the detection and adequate treatment
of anemia, as well as an efficient surgical coagulation man-
agement with the goal of reducing the need for intra- and
postsurgical erythrocyte transfusions are key areas.

However, the volume of blood collected for laboratory
diagnostics also contributes to a patient’s total blood loss.
Blood tests, necessary, more frequently and for a longer
time period necessary in severely ill patients, are capable
of inducing iatrogenic anemia leading to a need for a blood
transfusion [2]. The use of blood collection tubes with a
lower nominal volume has been suggested as part of PBM
to help avoid iatrogenic blood loss (https//www.patient-
bloodmanagement.de/pbm-massnahmenbuendel/). An
institution’s blood collection strategy should be regularly
subjected to critical reviews as, due to analytical methodo-
logical developments, blood volumes needed for blood
tests have decreased steadily over a number of decades
[3]. If, as a result of these reviews, changes are necessary,
appropriate preanalytical improvements should be con-
ducted in parallel, potentially leading to improvements
in sample quality and therefore to a decrease in repeated
blood collections and hence an improvement in laboratory
analysis turnaround time (TAT).

The overall aim of this study was to make a laboratory
contribution to PBM efforts accompanied by communica-
tion of PBM concepts to hospital staff in order to increase
awareness of the impact of diagnostic blood loss.

Following the quality assurance plan-do-check-act
(PDCA) cycle, a project plan was established. First, the
preanalytical process was reviewed hospitalwide in order
to identify opportunities for improvement. A preanalytical
phase audit revealed several non-compliances and sample
quality issues. This analysis led to a multimodal, targeted
approach to achieve an optimization of preanalytical
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Figure 1: Steps of the targeted optimization strategy.

sample quality combined with a blood-saving collection
strategy (Figure 1), enabling an improvement in TAT
and an increase in hospital efficiency. One year after the
implementation of the measures, the audit was repeated
in order to verify and, where possible, quantify changes
(Figure 1). Saving of blood by reducing blood collection
and for geriatric patients with a stay over a period of 1
week tube volumes was calculated for patients with a stay
of at least 7 days in the intensive care unit (ICU) over a
period of 4 weeks and for geriatric patients over a time
period of 1 week.

Materials and methods

Reduction of blood volume withdrawn for laboratory
diagnostic purposes

A critical review of the tubes used in the hospital was performed, fol-
lowed by an assessment of the blood volumes currently needed for
laboratory diagnostics following ongoing analytical and methodo-
logical developments. For this purpose, the complete analytical test
profile of the laboratory was evaluated with respect to minimizing
sample volumes. Tubes with lower nominal filling volumes [with the
exception of ethylenediaminetetraacetic acid (EDTA) tubes for hema-
tology and immune hematology analysis (Table 1)] were introduced
as part of the process of changing from a Monovette to a Vacutainer
system. For geriatric patients, hematology EDTA tube collection vol-
umes were also reduced due to the likelihood of difficult venipunc-
tures, whereas for all other patients there was an increase from 2.7
to 3.0 mL. The increase in EDTA immune hematology tube volumes
is because for the Monovette system two tubes, each 4.9 mL, were
used for blood group analysis and crossmatching of erythrocyte

Table 1: Change in nominal tube volumes.
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concentrates. This was reduced to one 6.0 mL tube in tandem with
the introduction of an additional verification of the blood group in
the crossmatch process in order to maintain a high level of patient
safety by avoiding patient misidentification. In addition, non-gel
clinical chemistry tubes were changed to gel separator tubes, leading
to a higher sample yield and prolonged analyte stability. This higher
yield and improved stability should reduce the need for repeated
blood collection procedures, thereby affording a further saving of
blood within diagnostic processes.

In order to quantify the final saving of blood in this process,
two particularly vulnerable patient groups were chosen. A statisti-
cal analysis was performed by using the laboratory information
system for checking all ICU laboratory assignments over a 1-month
time period under initial conditions and again 1 year after the study.
A stay in the ICU of at least 7 days was set as the filter criterion. For
the initial -month query period, 32 patients met this requirement; for
the I-month query period 1 year after the study, 33 patients met the
requirement. All individual laboratory assignments for these patients
were checked during each patient’s complete ICU stay. The nominal
volumes of the corresponding blood tubes, received in the labora-
tory and electronically confirmed, were recorded. The blood drawn
for diagnostic purposes during each patient’s complete ICU stay was
calculated on this basis, and the initial and final average diagnostic
blood loss for this patient group was determined. The same approach
was used for geriatric patients’ blood withdrawal profiles for a period
of 1 week before the tube change (86 patients) and for 1 week 1 year
after the change (84 patients).

Third, the initial and final number of tubes used hospitalwide
and for ICU and geriatric patients per year was determined and the
total volume of patients’ blood collected was calculated and com-
pared.

Improvement of preanalytics

Preanalytical processes in different areas of interest were investigated
in order to determine preanalytical errors, their potential to reduce

Final tube volume Change of volume

Type of tube Initial tube volume
Blood gas analysis 2mL

Heparin plasma 4.5mL

Serum 7.5mL

Citrate plasma 3mL
Glucose/lactate (NaF) 2.7 mL
Sedimentation rate 3.5mL

EDTA hematology 2.7 mL

EDTA immune hematology 4.9 mL

1.6 mL -20%
3 mL -33%
6 mL -20%
4 mL (geriatrics) -47%
2.7 mL -10%
1.8 mL (geriatrics) -40%
2mL -26%
1.8 mL -49%
3mL +10%
6 mL +22%
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Table 2: Observed aspects of preanalytical phase and risks of non-compliance.

Observed aspect Best practice [4, 5]

Risk of non-compliance

Patient identification Minimum three independent identification
criteria with non-leading questions

Sample labeling Label in correct position and orientation
Underfilling of tubes  All tubes should be correctly filled to ensure

correct additive to blood ratio

Patient misidentification

Sample mix-up, delay in processing because barcode was not read by
instrument

Insufficient sample volume for tests requested

Citrate: <90% falsely prolonged clotting times

EDTA: <75% end concentration higher than recommended, impact on
cell morphology

Heparin: specific assays may give erroneous results, e.g. Troponin |

blood sample quality and therefore to lead to unnecessary repeated
blood collections which, in turn, leads to a delay in obtaining analyti-
cal results. In total, 54 blood collections in six representative hospital
departments, including the emergency room (ER), were observed by
trained specialists, using standardized questionnaires (BD Labora-
tory Consulting Services®). A total of 563 blood samples were visually
inspected in the central laboratory in order to evaluate if they met the
criteria for sample acceptance (Table 2) (correct anticoagulant, addi-
tive tubes not underfilled, etc.).

The observed preanalytical errors were used as a base for devel-
oping hospitalwide training measures. Two kick-off events for a wide
range of medical staff were performed in order to raise awareness
of the impact of preanalytical errors on laboratory diagnostics and
to gain acceptance for the forthcoming training. The staff received
specific training on the processes associated with the preanalytical
errors observed [4, 5]. After the change of blood collection equip-
ment, an observation period of approximately 3 months was used to
identify departments which needed additional training. After 1 year,
are-audit was performed, reviewing the same aspects as in the initial
audit for 48 blood collections and 534 blood samples.

Results

Quantification of the blood volume drawn

As the focus of this study was a reduction in diagnostic
blood loss, a detailed evaluation was performed for two
different clinical departments, both caring for patients
especially prone to the development of iatrogenic anemia.
For geriatric patients, particularly vulnerable due to their
multimorbidity, diagnostic blood loss during 1 week was
nearly halved (Table 3).

Table 3: Mean diagnostic blood loss for geriatric patients.

Intensive care patients are another patient group that
is prone to the development of iatrogenic anemia [6—8].
In particular, patients with a longer stay in the ICU have
to undergo blood tests several times a day for monitoring
purposes. In this context, blood sampling for point-of-care
testing (POCT) diagnostics, such as blood gas analysis
(BGA), must also be considered when determining overall
diagnostic blood loss.

The mean diagnostic blood loss for this group was
reduced by 27.2% per week (Table 4). The fact that savings
in the ICU were smaller than in geriatric patients may be
partially due to the high usage of POCT BGA, which also
gives information on additional parameters such as elec-
trolytes and hemoglobin as part of the same analysis.

An estimation of diagnostic blood loss, for the entire
hospital as well as for the ICU and geriatrics, was per-
formed by comparing the total blood volume initially col-
lected over 1year, as measured by the number and volumes
of tubes used, with that 1 year after the changes had been
made. This approach is an approximation as not all of the
tubes collected necessarily enter the diagnostic process.
Tubes can be discarded for a number of reasons, such as
the use of blood collection tubes in training courses, blood
collection failures, etc. These discarded tubes cannot be
excluded in this model, however they affect both calcu-
lation periods in the same manner. A correlation with
hospital patient numbers per year revealed a significant
saving in the number of blood collection tubes per patient
used per year (Table 5). The total increase of 1% in tubes
per year after the change of blood collection equipment
was paralleled by a 4.9% increase in patient numbers and

Mean diagnostic blood loss Initial (n=86 patients)

Final (n=84 patients)

Derived from detailed analysis of
patients over a 1-month period

3.95 mL/patient/day
27.65 mL/patient/week

2.35 mL/patient/day

16.45 mL/patient/week -40.4%
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Table 4: Mean diagnostic blood loss per week for ICU patients.
ICU patients n=32 Serum  Lithium heparin EDTA EDTA Citrate BGA ESR Total
7.5mL 4.5 mL 27mL  49mL 3mL 2mL  3.5mL (mL/patient/week)
Initial
Number of tubes per patient 0.660 5.351 6.364 0.739 7.186  19.020 0.027
Blood volume, mL 4.950 24.080 17.182 3.621 21.558 38.040 0.095 109.52
ICU patients n=33 Serum  Lithium heparin EDTA EDTA Citrate BGA ESR Total
6 mL 3mL 3mL 6 mL 2.7mL 1.6mL 1.8mL (mL/patient/week)
Final
Number of tubes per patient 0.424 5.136 5.052 0.611 5.527  17.472 0.023
Blood volume, mL 2.544 15.408  15.156 3.666 14.923  27.955 0.041 79.70 (-27.2%)

ESR, erythrocyte sedimentation rate.

Table 5: Total number of tubes used for blood collection within the hospital and total diagnostic blood volume per year.

Tube type Initial tube number per Final tube number per year Overall tube number
year per patient per day
Serum 56500 (7.5 mL tube) 46200 (6 mL tube)

Lithium heparin 33950 (4.5 mL tube)

4200 (4 mLtube)
33000 (3 mL tube)

EDTA 62100 (2.7 mL tube) 40300 (3 mL tube)
11700 (4.9 mL tube) 21900 (2 mL tube)

16800 (6 mL tube) -13%
Citrate 47400 (3 mLtube) 33100 (2.7 mL tube)

16800 (1.8 mL)
ESR 1450 (3.5 mL tube) 4300 (1.8 mL tube)
Blood gas analysis 29100 (2 mL tube) 27560 (1.6 mLfilling volume of blood)
Glucose/lactate 1450 (2.7 mL tube) 2200 (2 mL tube)
Total blood volume per year 1011L 834 L(-17.5%)
Reduction in the use of blood tubes Initial Final
for ICU and geriatric patients per year
ICU patients 2.11 tubes/patient/day 2.10 tubes/patient/day -0.5%
Geriatric patients 2.13 tubes/patient/day 2.03 tubes/patient/day -4.7%

ESR, erythrocyte sedimentation rate.

thereby constituted a reduction in the number of tubes
per patient per day. In addition, nominal tube volumes
were reduced. The total blood volume saved by means of
the reduction of blood collection tube volumes was aver-
aged at approximately 177 L per year. This corresponds to
a decrease in the blood drawn for diagnostic purposes of
17.5% for all patients in the hospital. Also, the number of
tubes per day and per patient were significantly reduced
by 13% (Table 5). For ICU patients, tubes per patient and
per day decreased slightly by 0.5%; for geriatric patients,
the decrease was 4.5% (Table 5).

Reduction of the overall volume of blood collected can
be converted into erythrocyte concentrate equivalents [9]
for the 384-bed hospital. The average saving of 177 L blood

corresponds to approximately 805 erythrocyte concentrate
equivalents per year (-37%). The transfusion of erythrocyte
concentrates during the 1-month time interval analyzed
was reduced for ICU patients by 7.5%. For the comparison
of the two geriatric patient groups, a slight increase from 0
to 3 erythrocyte concentrates was observed (Table 6).

Preanalytics on the ward

Correct identification of patients is an important aspect
in avoiding unnecessary repeated blood collections. The
omission of adequate patient identification carries a high
risk of patient misidentification and therefore potential
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Table 6: Transfusion of erythrocyte concentrates during the 1-month time interval analyzed.

Initial

ICU patients
Geriatric patients

81 erythrocyte concentrates
0 erythrocyte concentrates

Final
75 erythrocyte concentrates -7.5%
3 erythrocyte concentrates n.d

Table 7: Improvement of preanalytics as observed in initially 54, finally 48 blood collections on the ward and in initially 563, finally

534 sample inspections in the laboratory.

Patient identification

Initial (n=54 blood collections)

Final (n=48 blood collections)

Application of three independent patient ID criteria 17% 63%

Blood collection tube Initial (n=563) Final (n=534)
Correct tube labeling 33% 67%

Correct filling volume Initial (n=563) Final (n=534)
Blood coagulation analysis (citrate) (>90%) 97% 95%
Hematology (>75%) 89% 85%

Clinical chemistry (serum) (>75%) 77% 80%
Clinical chemistry (lithium heparin) (>75%) 31% 80%

patient harm. In this study, it was determined whether
three independent patient identification (ID) criteria were
correctly checked in the identification process. Compared
with the initial situation, training led to a significant
improvement (3.7-fold) in patient identification using
three independent ID criteria (Table 7).

Additionally, selection of the correct blood collection
tube for the analysis to be performed and the correct labe-
ling of the tubes with patient data, typically by applying
barcode labels, are essential. The following non-compli-
ances with respect to blood tube labeling, leading to a
delay in laboratory analysis as these tubes require addi-
tional manual processing or cause tube rejection in the
laboratory, were recorded: label was glued at an oblique
angle or in a position which did not follow manufactur-
er’s recommendations, label stood out or label indicated
a different additive to the actual tube type. After train-
ing and clarification of the importance of a correct labe-
ling and tube choice for laboratory TAT, the initial rate
of correct tube labeling almost doubled in the re-audit
(Table 7).

Improvement of efficiency in the central
laboratory

Initially, 563 blood collection tubes of different sample
types were checked for sample quality and observed from
their arrival in the laboratory until they were loaded into
the appropriate analyzer. One year after the change in the
blood collection equipment and training, 534 tubes were

checked. Sample rejection rates have not been included
in this study due to limited laboratory information system
access.

As shown in Table 7, the initial rate of citrate tubes
filled below 90% was already low. This had been achieved
by continuous training and feedback using the hospital’s
quality management system. Underfilling rates of citrate
tubes 1 year after the changes had slightly increased. The
rate of EDTA tubes filled below 75% also increased slightly.
Further continuous training is a mandatory part of the
quality management system. The rate of clinical chem-
istry analysis serum tubes filled below 75% was reduced
slightly. In the case of lithium heparin tubes, the change
was significant. The number of tubes filled more than 75%
increased from 31% to 80% (Table 7).

Discussion

In the present study, a multimodal concept was estab-
lished in order to reduce diagnostic blood loss and to
improve laboratory performance in terms of preanalytical
quality and TAT.

This targeted approach reviewed the initial situation
to identify optimization potential and then implemented
a multistep improvement strategy to enable higher effi-
ciency and thereby improve patient care.

In this study, a reduction of diagnostic blood
loss was achieved by reducing blood collection tube
volumes. The effect of this measure was evaluated for
geriatric as well as ICU patients as both of these are
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especially vulnerable to developing iatrogenic anemia
due to diagnostic blood loss.

Additionally, an estimation of success was performed
for the entire hospital. As this study was conceived as a
first attempt in quantifying blood savings by the meas-
ures described above, the impact on patient groups
other than geriatric and ICU could not be investigated
in detail. Due to the relatively small groups included in
the study, the annual rise in patient numbers within the
hospital and the new integration of a vascular surgery
unit into the hospital within the time period analyzed,
an exact correlation of the saved erythrocyte concentrate
equivalents with a saving in transfused erythrocyte con-
centrates could not be performed. A slight decrease in
transfusion rates at the ICU (7.5%) was observed between
the two 1-month periods compared. In the geriatric ward,
an increase was observed from O to 3 erythrocyte concen-
trates. In order to gain more reliable data, larger study
groups and longer analysis intervals are required as the
medical backgrounds of the ICU patients and geriatric
patients were highly heterogeneous, thereby resulting
in varying transfusion probabilities over the two time
periods analyzed.

An analysis of blood-saving possibilities in ICU
patients showed that POCT BGA, giving information on a
variety clinical chemistry and hematological parameters
besides blood gases from a single analysis, plays an impor-
tant role in diagnostic blood loss for this patient group, as
recently also shown by Hintereder [9]. POCT diagnostics
are performed in parallel with central laboratory diagnos-
tics, limiting the potential saving of blood by the approach
used here. An additional issue is that the easy accessibil-
ity and range of analyses possible with modern POCT in
the ICU or the ER can lead to an increase in the frequency
of blood analysis which therefore limits the effects of
blood-saving strategies.

This shows, even though POCT has undeniable ben-
efits, interactions of POCT with central laboratory diag-
nostics and an overall analysis process always need to be
carefully considered. For this reason, a reasonable labora-
tory TAT is important to minimize non-critical use of POCT
diagnostics. TAT is one of the most important and measur-
able characteristics for laboratories and for hospital bench-
mark purposes. It is also viewed by physicians and nurses as
one of the most important measures for the service quality
of the laboratory [10, 11]. In particular, faulty preanalytical
processes make a large contribution to a prolonged TAT.

In order to improve laboratory TAT by reducing the fre-
quency of preanalytical errors, specific training measures
were carried out. Best practice preanalytical processes
are key for obtaining high-quality laboratory diagnostics.
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Regular training and close supervision of the blood-col-
lecting medical staff help to increase awareness of the
relevance of preanalytics, such as inadequate filling as
observed in this study. Inadequate filling of tubes is one of
the main reasons for repeated blood collections. Underfill-
ing, especially as initially observed in heparin tubes, may
be due to emergency situations and subsequent time pres-
sure during blood collections. Even if the sample volume
was sufficient for the test requested, sample quality may
be compromised because of an increased concentration of
the additive (Table 2).

The optimization of processes as described in this
study is an important building block in PBM. In addition
to favorable effects for the individual patient, it could also
reduce the need for red blood cell transfusions and thus
increase blood bank stocks to ensure that those patients
who really need blood transfusions will receive them in
the future.

Both, improving preanalytical processes and reducing
nominal tube collection volumes, serve as a lab-side module
of the PBM for the prevention of hospital acquired anemia
by responsible handling of patients’ blood resources.

As blood drawn for laboratory analysis, intervention
and surgeries form a large proportion of the reasons for
hospital-acquired anemia [12], blood volumes required
for laboratory diagnostics need to be considered in this
context. The more severely ill the patients are, the more
intensive the laboratory diagnostics become and the more
blood will be needed for diagnostic purposes. Addition-
ally, the efficiency of erythropoiesis is limited in seriously
ill patients. As a result of these two factors, the risk of
development of iatrogenic anemia in this patient group is
disproportionately increased.

This can be avoided by implementation of different
strategies, such as reducing diagnostic blood loss, mini-
mizing perisurgical blood loss and using evidence-based
coagulation and hemotherapy concepts with guideline-
appropriate indications for blood product administra-
tions. The impact of structured PBM in German hospitals
has been the subject of multicentric studies. Thus, in addi-
tion to unambiguous short- and medium-term benefits for
patients, a total cost saving for hospitals has been shown
[13-18]. Fischer et al. [19, 20] indicated the importance of
reduced blood collection in 2014.

The multimodal approach initiated by laboratory
diagnostics as described here can be interpreted as a
valuable lab-side contribution to PBM, whose effective-
ness is demonstrated in this study. Considering PBM as
a continuous optimization process, a possible next step
for further volume reduction could be the implementa-
tion of computer-based laboratory request control using
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strict indication-related laboratory profiles based on
established laboratory diagnostic pathways [21].
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