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Abstract

Background: To study the impact of 3 blood-saving strategies to reduce the
amount of blood collected on the analyses performed on critically ill patients.
Methods: Pre-post quasi-experimental study. Population: patients > 18 years
of age, stay of more than 24 hours. Variables: sex, age, diagnosis, admission
unit, number of tests performed in 24 hours, volume of waste, usable blood
volume, total volume collected in 24 hours, haemoglobin (Hb) at admission
and at 24 hours, weight balance, Acute Physiology and Chronic Health Eval-
uation (APACHE) severity indices, Simplified Acute Physiologic Score (SAPS),
catheter, extraction technique, and work experience. A descriptive analysis of
variance and association of variables was carried out using the SPSS Statistics
20.0. Results: The average number of laboratory tests per patient 24 hours after
admission in the post-intervention phase was 5.8 (+1.9), compared to 7.2 (+2.6)
in the pre-intervention phase (p < 0.001). The average volume of waste was
14 mL (+10.2) vs. 31.6 mL (£15.8) with p < 0.001. The average volume of us-
able blood for the analyses was 22.9 mL (+10) vs. 48.1 mL (+16.7) p < 0.001.
The total volume of usable blood was 38.6 mL (+17.6) vs. 80.7 mL (+26.8) p <
0.001. Professionals with < 5 years’ experience were found to discard the most
blood (p < 0.001). Conclusions: The implementation of 3 blood-saving
strategies has reduced the volume collected for clinical analysis in critically ill
patients by more than 50% in the first 24 hours of admission.
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1. Background

Phlebotomy is a routine test performed in hospitals. In critically ill patients, the
number of daily collections is usually higher than the standard average, due to
the severity of the illnesses causing their admission, resulting in greater blood
loss than other patients and the need for blood transfusion [1] [2]. These blood
losses can be associated with the pathological process itself, therapeutic support
and continuous blood collections for diagnostic purposes, and may contribute to
the appearance of hospital-acquired anaemia (HAA) [3]. Severe intra-hospital
anaemia occurs in 1.4% of hospitalised patients and is associated with higher
morbidity and mortality [4].

Blood losses related to phlebotomy in Intensive Care Units (ICU) can range
between 25 mL and 377 mL/day in patients during admission [2] [5] [6]. In pre-
vious studies, we carried out a situation analysis in which we examined the blood
volume collected from critically ill patients in the first 24 hours of admission,
and we concluded that the average blood loss was 80.7 mL [7] and that the vo-
lume of blood collected depended on the number of analytical prescriptions and
sampling technique [8]. Routine inpatient laboratory testing reflects wasteful
clinical practice that threatens the value of healthcare.

The World Health Organization (WHO) recommends the implementation of
programmes that improve clinical practices related to the rational use of allo-
genic blood products and the implementation of alternatives to blood transfu-
sions [9]. The Patient Blood Management (PBM) programme aims to minimise
the risk of transfusion to the patient from a multidisciplinary approach, focused
on evidence-based interventions designed to preserve patients’ blood volume.
They are based on 3 fundamental pillars: comprehensive management of anae-
mia, optimising the physiological tolerance of the patient’s anaemia and mini-
mising iatrogenic blood losses [10].

The evidence-based guideline describes different strategies to reduce blood
loss secondary to phlebotomy, some related to the request for laboratory tests:
how to rationalise the number of prescriptions and avoid duplicating diagnostic
tests [11]. Others are related to reducing the volume of blood for analysis, by
using paediatric tubes, or adjusting the amount of blood required in each phle-
botomy to the technique to be performed [12] [13] [14]. In ICUs, blood is col-
lected using vascular catheters; some recommendations are aimed at reducing
the volume of waste blood through specific systems, or at recording waste vo-
lumes [10] [15].

These strategies require a proactive approach, multidisciplinary collaboration,
patient-centred care, and adaptation to the local context. The critical care nurse
must have resources and protocols that help to minimise iatrogenic blood loss
since they are responsible for managing the volume collected in each phleboto-
my.

Our theory is that the implementation of these strategies will reduce the blood

volume collected from the patient. The objective of this study was to analyse the
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impact of 3 blood-saving strategies implemented to reduce the blood volume

collected in analyses performed on critically ill patients.

2. Methods

This is a pre-post quasi-experimental study design with a non-equivalent control
group.

This study was carried out in the ICU of a tertiary hospital, which has 32 beds
in 4 units, including neurotrauma, medical-surgical, coronary and cardiac sur-
gery. Data collection in the pre-intervention phase was from 1 February to April
2017. Implementation phase was carried during 2018, and post-intervention phase,
data was collected between 1 February to April 2019.

1) Inclusion criteria: All the patients admitted to any of the ICU units, older
than 18 years old, with a stay of at least 24 h. Exclusion criteria: Patients with ac-
tive bleeding (those who presented detectable or diagnosed blood losses), after
cardiac surgery with a blood loss greater than 1.5 mL/kg/h during six consecutive
hours within the first 24 h, patients with coagulation pathologies or ones that
had received haemoderivatives during the study period.

2) Population and sample. all patients over 18 years of age admitted for 24 hours
or more in an ICU were included. Patients with diagnosed blood loss, post-cardiac
surgery with blood loss greater than 1.5 mL/kg/h during the first 6 hours after
surgery, patients with coagulopathies or those undergoing transfusions during
the study period were excluded. Calculation of sample size and selection: the de-
sign and calculation of the sample size is based on the assumption that the pop-
ulation standard deviation of the total volume of blood collected on a routine
day is £10 mL. A difference of at least 5 mL between the pre and post group can
be detected by assuming that 100 patients are required in the first group and 100
in the second. An alpha risk of 0.05 and a beta risk of 0.2 have been accepted in a
two-sided contrast.

3) Variables: age, sex, medical diagnosis, unit of admission, weight balance at
24 hours, Acute Physiology and Chronic Health Evaluation (APACHE) severity
indices, Simplified Acute Physiologic Score (SAPS), number of tests performed
in 24 hours, volume of waste blood before specimen collection, usable blood vo-
lume for analyses, total blood volume in 24 hours (usable volume for sample
analysis plus waste volume) in 24 hours, haemoglobin (Hb) on admission and at
24 hours, sampling technique, catheter used and work experience.

4) Data collection: The same collection and recording model as in the first phase
was used. Annex 1: The forms were completed by the nurses responsible for
performing each phlebotomy. The researchers entered data on age, sex, diagno-
sis, haemoglobin, severity indices, and weight balance.

5) Intervention: After a review of the literature, 3 strategies best adapted to the
local context were selected to reduce blood volume:

a) Rationalisation of analytical performance specifications:

i) Adjust each analysis to every patient’s needs.
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ii) The troponin collection protocol was modified in the patient with acute
myocardial infarction: troponin levels were measured every 4 hours instead of every
2 hours, and it was established that the troponin curve would be suspended
when detecting the first decreasing value.

b) Blood volume reduction to analyse:

i) Using smaller volume tubes for clinical analysis (Biochemistry tubes with
8.5 mL separator gel were replaced by 3.5 mL ones; 4 mL lithium heparin bio-
chemistry tubes by 2 mL ones; 3 mL EDTA tubes by 2 mL ones; 2.7 mL by 1.8
mL citrate ones). Prior to replacing the tubes, analyses were carried out using higher
and lower volumes and the same results were obtained.

ii) Standardisation of the volume collected in blood gas to 1 mL. We use 3 mL
syringes and comparisons of the blood gas results were made with 3 mL and 1
mL ones, the results being within the ranges considered optimal by the GEM Prem-
ier 4000° gasometer; the minimum volume required is 0.1 mL of blood for each
analysis.

¢) Reduction of the waste volume:

i) Use of the closed system technique to obtain samples through catheters (pres-
surised systems were used to monitor invasive blood pressure or central venous
pressure). A syringe is attached to the patient's distal tap to mix the waste blood
with the purging solution. Blood for testing is obtained from the patient’s prox-
imal tap. The waste blood is subsequently reintroduced in a sterile manner into
the bloodstream.) If this was not possible, the volume of blood collected per ca-
theter used was standardised to twice the volume of the dead space.

ii) Subsequently, a strategy was developed to implement these approaches
through information sessions for nurses and doctors, infographics were designed
and placed in visible places in the different units of the ICU, an animated video
was created explaining the benefits of each strategy, and disseminated through
clinical sessions and the mobile network.

d) Data analysis. a descriptive exploratory analysis of the categorical and
quantitative variables was performed. Categoric variables were expressed in ab-
solute and relative frequencies. Normally distributed continuous variables were
represented by mean and standard deviation and median and interquartile range
when normality was not fulfilled. The Kruskall-Wallis variance analysis and the
Mann-Whitney U test were used for variables with non-normal distribution and
the Student’s t-test for those that did meet normality criteria. Associations be-
tween variables took place using a Rho de Spearman correlation coefficient. Sig-
nificant values of p < 0.05 were considered. We used the IBM SPSS Statistics
20.0.

e) Ethical considerations. The study was presented and subsequently approved
by the Research Committee of the hospital. No modifications were made to the
care or experimental procedures, according to the international standards stipu-
lated in the Helsinki Act (1964). I know guaranteed the confidentiality of the
data (Data Confidentiality Law LOPD 15/99).
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3. Results

3.1. Socio-Demographic Data

During the months of data collection in the post-intervention phase, a total of
574 admissions in ICU, and 130 patients were registered, 18 of which were ex-
cluded because they did not meet the inclusion criteria. A sample of 112 patients
was used (Figure 1).

A 72.3% (81) were men, with an average age of 57.8 (£17.6) and 27.7% (31)
were women, with an average age of 67 (£12.4). The groups were significantly
different in terms of age, sex, diagnosis, unit of admission and SAPS severity in-
dex (p < 0.05). There was a higher percentage of men in the post-intervention
phase. The number of records of post-intervention patients who had undergone
cardiac surgery and suffered from subarachnoid haemorrhaging increased with
respect to the pre-intervention phase. Table 1 shows details of the variables stu-
died in the pre and post-intervention phases. Variables expressed as median +

standard deviation, percentages (%), * <0.05.

3.2. Results of the Number of Samples Collected

A total of 656 samples were collected, in comparison with 865 in the pre study.

CONSORT Flow Diagram

Enrollment

Assessed for eligibility (n = 1029)

Randomized (n = 1029)

Y Allocation y

L J

Patients admitted
(1 February — 30 April 2017)

Patients admitted
(1 February — 30 April 2019)

Allocated to intervention (n = 455) Allocated to intervention (n = 574)

v Follow-Up I

L J

Lost to follow-up (give reasons) (n = 138) Lost to follow-up (give reasons) (n = 130)

Unregistered patients (n = 317) Unregistered patients (n = 444)

v Analysis v

Analysed (n = 112)
+ Excluded from analysis (n = 18)

Analysed (n = 100)
+ Excluded from analysis (n = 38)
+ Incomplete documentation (n = 34) + Incomplete documentation (n = 8)

+ Did not fulfil hospitalisation inclusion criteria + id not fulfil hospitalisation inclusion criteria
<24 h(n=4) <24 h (n =10)

Figure 1. Consort flow diagram.
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Table 1. Variables studied in the pre and post-intervention phases. Subarachnoid hae-
morrhage (SAH), acute respiratory failure (ARF), post abdominal surgery (Post. Abd).
Acute Physiology and Chronic Health Evaluation (APACHE) severity indices, Simplified
Acute Physiologic Score (SAPS). *p < 0.05.

PRE POST P
Age (years) X 63.7 (£13.6) X 60.3 (£16) 0.004*
42% Women 27.7% Women
Sex 0.031*
58% Men 72.3% Men
Heart failure 49 Heart failure 29
Heart surgery 18 Heart surgery 42
Admission Head injury 7 Head injury 7
diagnosis SAH 6 SAH 19 0.001*
g ARF 5 ARE
Post.Abc 5 Post.Abc 5
Sepctic shock 5 Sepctic shock
Heart surgery Unit 18 Heart surgery Unit 38
Registered patients Coronary Unit 49 Coronary Unit Medical 50 0.008*
according to unit Medical surgery Unit 20 surgery Unit 6 ’
Neurocritical Unit 13 Neurocritical Unit 18
Balance (mL) X 521.81 (+1410) X 627.32 (¥1702) 0.187
APACHE X 18.7 (29) APACHE X 19.8 (¢7.7) 0.128
Severity index
SAPS X 34.8 (x13) SAPS X 38 (£15.3) 0.036*
Sample size N:100 N:112

The average number of laboratory tests per patient 24 hours after admission in
the post-intervention phase was 5.8 (+1.9), compared to 7.2 (£2.6) in the pre-
intervention phase (p < 0.001). A comparison of the number of analyses per-
formed per pathology causing admission shows a reduction in the post phase

(Figure 2).

3.3. Results of the Volume of Blood Collected

The average volume of waste in 24 h was 14 mL (£10.2) in the post phase vs. 31.6
mL (£15.8) in the pre phase, with p < 0.001. The average volume of usable blood
for the analyses was 22.9 mL (+10) in the post phase vs. 48.1 mL (£16.7) in the
pre phase, p < 0.001. The total average volume of usable blood in the post phase
was 38.6 mL (+17.6) vs. 80.7 mL (£26.8) in the pre phase, p < 0.001. A decrease
in blood volumes was registered in the post phase of: 55.69% blood waste,
52.39% usable blood and 52.16% total volume (Figure 3).

A greater number of laboratory tests and blood volume collected from pa-
tients after cardiac surgery, acute myocardial infarction (AMI), cardiorespiratory
arrest (CRA) and septic shock were recorded compared to patients diagnosed
with acute respiratory failure (ARF), polytrauma, head trauma (head injury) and

abdominal surgery (Table 2).
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Figure 2. Number of analyses according to pathology causing admission.
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Figure 3. The alverage volume of waste, average volume of usable and total average vo-
lume in 24 h, acording ICU units.

3.4. Results of the Correlation of Hb and the Sex, Balance, Severity
Index and Collected Blood Volume Variables

No significant statistical differences were found between the haemoglobin variable
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Table 2. Number of analyses according to pathology causing admission. Heartfailure included Acute myocardialinfarction (AMI)
and cardiorespiratory arrest (CRA). Subarachnoid haemorrhage (SAH), acute respiratory failure (ARF), post abdominal surgery

Post. Abd). *p < 0.05.

N Number of Volume of Volume of usable Total average volum X
Unit Diagnosis samples X waste X (mL) blood X (mL) (mL) (min-max)
Pre  Post Pre Post Pre Post Pre Post Pre Post
7.5 6 31.83 15.3 49.02 23.7 80.85 39.1
AMI 42 16
(¥1.9) (£1.8) (*11.7) (£10.9) (£15.8) (*8.6) (42.7 - 141) (22.1 - 68.10)
Coronary Unit
8.2 7.5 37.37 14.1 53.82 24.8 91.19 39
CRA 7 13
(*2) (£1.5) (*13.3) (£6.8)  (£23.7) (£12.9) (39.5-1359) (20.8-83.6)
7 3.8 25.71 6.5 40.30 20.5 66.01 27
ARF 10 6
(£1.8) (x1.1)  (212) (£3.1)  (£14.3) (£17.9) (35.9-103.9) (8 -52.6)
Medical S‘urgery Post.Abd 5 5 5.5 3.6 25.2 6.6 439 14.3 52.9 20.9
Unit (£1.5) (£1.3) (*11.4) (24)  (£8.79) (£22) (52.9-104.9) (13.6-27.1)
. 7.2 6 23.25 19.2 38.15 26.1 61.4 45
Septic 5 4
(£1.8) (£1.6) (£11.6)  (24.9) (x11.2) (x14.1) (526.9-85.9) (31.8-57.6)
HeartSurgery Unit By-pass/Val 16 o 7.8 6.5 39.26 21.2 52.78 27.4 92.04 48.5
gery Yp v (£0.8) (£1.7)  (1.4)  (x14.1) (x1.4) (26.6) (48.2-120.6) (15.1-96.9)
cT 7 7 5.6 4.5 26 14.5 28.78 14.4 54.78 29
(¥1.7)  (£1.7) (11.8) (£5.1)  (%21.3) (£8) (18.7 - 64.9) (16.5-44.8)
Neurocritical Unit
SAH 6 19 5.3 4.7 29.95 10.5 28.56 16.7 28.56 26.5
(*2) (£1.5) (x14.1) (#4.9)  (%15.1) (£10.9) (37.4-120.6) (10-60.9)
p p < 0.001* p < 0.001* p < 0.001* p < 0.001*

and the sex, severity index and collected blood volume variables. There is a small
negative correlation between the Hb at 24 hours, the difference in haemoglobin
and the ponderal balance. Greater differences in Hb at 24 hours were found in
patients with a positive balance in comparison with those with a negative bal-
ance (r = —0.24, p = 0.008) (Figure 4).

The difference in Hb 24 h after admission was higher in patients admitted to
cardiac surgery (X: —0.81 g/dL), coronary (X: —0.8 g/dL) and neurotrauma units
(X: =1.1 g/dL), this difference was only significant in postoperative cardiac sur-
gery patients (p < 0.05).

38.1% of professionals used conservative techniques with zero waste for spe-
cimen collection, versus 11.6% in the pre-intervention phase. The catheters most
often used for the collection of samples in the post phase were arterial cannulas
and PICC, and the least used were PVC. The average waste volumes per catheter
were: 3.5 mL of arterial cannula, 2 mL PVC, 2.5 mL PICC and 5 mL CVC (p =
0.170).

44.9% of professionals in the post-intervention phase had between <1 and 1 -
5 years’ work experience. These were the ones who discarded the most blood - 5
mL (p < 0.001) (Table 3). In the post-intervention phase, the waste volume in
professionals with more experience was significantly lower than in pre-intervention
phase (p < 0.001).
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= Hb2-Hb1

0 | -

Negative balance Positive balance

Figure 4. Correlation between haemoglobin on admission (Hb1) and at 24 hours (Hb2),
and difference Hb1-Hb2.). *p < 0.05.

Table 3. Wastevolumebased on professional experience. *<0.001.

PRE POST
Professional Professional
. Wastemedian . Wastemedian
experience Percentage ) experience Percentage
(mL) (mL)
(years) (years)
<1 4.7% 5.0000 <1 21.3% 5.0000
1-5 16.7% 5.0000 1-5 26.6% 5.0000
6-10 37.7% 5.0000 6-10 17.6% 2.0000
<0.001* <0.001*
11-15 26.7% 5.0000 11-15 16.9% 3.0000
16 - 20 5.7% 5.0000 16 - 20 10.8% 0.0000
>20 8.5% 5.0000 >20 9.7% 0.0000

4. Discussion

The blood volume collected in the post intervention phase was lower than that
collected in the pre intervention phase. Promoting valuable clinical practices and
benefits for patients. Some scientific societies promote initiatives reccommending
non-performance of certain medical or nursing practices (“Do not do”), or re-
duction in their frequency, such as unnecessary and repetitive laboratory tests
[16] [17].

The first of the strategies implemented in this study was to reduce the number
of routine tests and adjust them to the needs of each patient, which meant a 24%
reduction in samples collected. Other hospital centres have designed and im-
plemented similar interventions in hospitalised patients, obtaining a 26% reduc-
tion in laboratory tests in the post-intervention phase [18]. Sadowsky [19] et al
eliminated automated orders from the institutional programme, managing to
change the pattern of analytical prescriptions which led to reducing routine tests

by 15% - 20%. Eaton [11] describes three strategies consisting of education, au-
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diting and feedback on healthcare practice in relation to laboratory tests and
concludes that he has obtained satisfactory results in terms of reducing the num-
ber of tests, costs, and patient and professional satisfaction. In the Coronary unit, a
decrease in admissions of patients with acute myocardial infarction (AMI) was
observed. Acute cardiovascular disease focused on cardiorespiratory arrest (CRA)
and cardiogenic shock [20]. Although this involved more seriously ill patients, a
decrease in the number of samples collected compared to the pre-intervention
phase was observed, however, patients diagnosed with CRA were those who un-
derwent more blood tests. It should be noted that the number of venous proce-
dures in patients with uncomplicated AMI are lower than those in patients with
severe cardiovascular disease (CRA, cardiogenic shock), which is why the num-
ber of tests and easy blood collection also increases in patients with more serious
pathologies. Chant states that small increases in blood loss associated with phle-
botomy (3.5 mL/day) in critically ill patients are associated with a greater proba-
bility of blood transfusions in prolonged admissions of more than 21 days.

The second of the implemented strategies involved the use of smaller volume
tubes for laboratory collections in adult patients. The usable blood volume was
reduced by 50% compared to the pre-intervention phase, and the same parame-
ters were studied. Previous studies have observed the impact of the use of pae-
diatric tubes in adult patients, calculating rates of blood volume reduction simi-
lar to those of this study. They conclude that the amount of blood in these tubes
is sufficient to obtain reliable analytical results and a significant reduction in
blood volume loss [21] [22] [23]. Whitehead [15] states that the use of small vo-
lume tubes mitigates the development of anaemia, but they are insufficient to
evaluate the effect on blood loss or the decrease in haemoglobin levels. Salysbury
[24] relates blood loss from phlebotomy to the appearance of HAA, stressing
that the use of smaller volume tubes limits the severity of anaemia. Literature is
controversial regarding the claim that blood loss associated with laboratory tests
significantly contributes to the development of HAA, and some studies attribute
it to critically ill patients having impaired erythropoietic functions [25].

Another strategy implemented to reduce blood loss involved standardising the
volume collected for blood gas analysis at 1 mL. Jensen [14] compared the relia-
bility of the results of blood gases with 1 mL and 3 mL syringes and concluded
that they were reliable, and that the volume of blood collected was reduced by
60%. We agree with Jensen [14] that it would be possible to obtain greater blood
savings with this strategy by reducing the volume of blood for blood gases to 0.5
mL.

The third strategy involved the implementation of closed systems, aimed at
returning the blood waste. An increased number of professionals used conserva-
tive techniques, especially those with greater work experience. The disposal tech-
nique continued to be the most widely used, however, the average volumes de-
creased in the post-intervention phase in professionals with more than five years

of experience. In the intervention phase, use of the zero waste technique and/or

DOI: 10.4236/0alib.1107425

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1107425

M. Maqueda Palau, E. Pérez Juan

discarding the bare minimum was encouraged.

Arterial catheters were most often used for specimen collection in the post-
intervention phase, which facilitated specimen collection; unlike the pre-intervention
phase, in which peripheral catheters were the most used, since there were a greater
number of admissions with AMI. Low states that having artery access increases
the number of blood tests and the volume of blood collected from the patient by
44%, compared to patients with no arterial lines [26]. A clinical trial stated that
the use of blood-saving devices has a positive impact on the patient, reducing the
blood loss associated with this procedure [27]. Literature supports the use of
blood-saving systems with both arterial and venous catheters, but the evidence is
not sufficient to determine the impact of these devices on the decrease in hae-
moglobin and the need for transfusion during ICU admission.

Another option to reduce waste volumes is to standardise them according to
the type of catheter. Coene [28] calculates that, by standardising the volume col-
lected with catheters, the daily blood collected per patient decreases by 25%.
Whitehead compares the use of closed and conventional systems for blood col-
lection, concluding that using blood-saving devices can reduce volume loss by
25%.

With regard to haemoglobin, it has been described that the mean haemoglo-
bin level of the critically ill patient upon admission to the ICU is approximately
11 g/dl, with a prevalence of anaemia of 65% [29] [30]. In our study, the average
Hb at admission was 12 g/dl. The strategies implemented have been effective in
reducing blood volumes related to phlebotomy, but they have not been sufficient
to prevent the appearance of iatrogenic anaemia or to relate it to the decrease in
haemoglobin. This issue is controversial, and Makam [31] states that it is un-
likely that blood loss due to phlebotomy is the main cause of HAA. Institutional
support and interdisciplinary collaboration are required to disseminate, imple-
ment, evaluate and provide feedback on “care bundles” to reduce the appearance

of iatrogenic anaemia [32].

5. Limitations

The study was carried out in two phases, the control group being different to the
post-intervention group, which may condition the variability in the decrease in
haemoglobin at 24 hours. The data collection period was only 24 hours, and in
future studies long-term data should be collected to be able to establish possible
causes associated with the decrease in haemoglobin. The costs of these strategies
have not been evaluated. In future studies it would be interesting to measure the

saving costs after the implementation of the strategies.

6. Conclusions

In summary, individualising the analytical needs of the patients made it possible
to reduce the number of blood samples collected. Greater effort should be in-

vested in limiting analytical testing and eliminating routine orders to improve
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the results of this strategy.

The use of smaller volume tubes and the standardisation of filling blood gas
syringes have reduced the usable blood volume collected from critically ill pa-
tients by 50% in the first 24 hours of admission.

There has been an increase in the use of conservative techniques to enable nurses
to obtain samples. Using blood-conserving devices to collect blood samples with
a catheter would reduce the clinical variability of the technique and the volume
of blood waste.

All strategies implemented reduced the phlebotomy blood volume to a greater
or lesser extent, especially the use of smaller volume tubes. The other strategies
have room for improvement. In future research, professionals involved should
be made aware of the importance of minimising blood loss secondary to routine

collections to mitigate AAI as much as possible.
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