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Intensive
care unit; Background:
latrogenic Blood sampling causes significant blood loss in intensive care unit (ICU) patients. It
anemia; is partially responsible for the development of anaemia in critically ill patients, which
Diagnostic is strongly associated with poorer patient outcomes. Blood sampling also increases
blood the demand for blood transfusions. Fortunately, methods to reduce blood loss have
sampling; been developed, such as closed-circuit arterial lines and blood sampling optimisation.
Blood However, these practices are not widely implemented within ICU settings. Their
conservation; | introduction could significantly reduce iatrogenic blood loss and consequently
Arterial improve patient outcomes.
lines; Blood
transfusion Objectives:
To identify whether significant blood loss due to sampling is experienced by ICU
patients.
Methods:

A retrospective, observational study was performed on non-bleeding, level 3 ICU
patients with a length of stay >14 days. The volumes of blood lost due to blood
sampling were collected and correlated against blood transfusion requirements,
patient outcomes, and the maximum haemoglobin decline patients experienced after
ICU admission.

Results:

32 patients were included in the study. The mean (+ standard deviation) total volume
of blood loss due to sampling for individual patients was 578.0mL (£242.3) with an
average of 24.5ml/day (£5.0) per patient. Discarded blood volumes represented
46.3% (£3.5) of all blood lost by patients. Within the patient population, 37.5% of
patients received a blood transfusion. Higher volumes of blood sampling were also
strongly associated with higher mortality rates when compared with patients who
survived to hospital discharge (p= 0.0269). All patients admitted to the ICU
developed anaemia during their admission.

Conclusions: Patients experience significant blood loss during their ICU admission.
Higher volumes of blood sampling may contribute towards increased mortality for
patients. Therefore, patients could benefit from the introduction of blood
conservation methods.
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1. Introduction

The presence of anaemia in critical illness is a common finding but is difficult to prevent. It stems from
the combination of two distinct processes: excessive blood loss and deficient red blood cell (RBC)
production'. A variety of different causes contribute to each process, which are summarised in Table
1. Many critically ill patients enter the intensive care unit (ICU) with anaemia, with the leading causes
being due to surgery, trauma, haemorrhage and coagulopathies. Interestingly, however, patients who
have not developed anaemia on ICU admission commonly do so during their stay, regardless of these
factors*® The principal mechanisms contributing to anaemia in critically ill patients are summarised in
(Table 1)

Blood sampling in critical care is a source of blood loss. Whilst blood lost from diagnostic testing may
appear unassuming, patients with extensive ICU stays will experience the loss of large volumes of blood
due to regular testing” 8. Importantly, blood loss through sampling remains one of the few readily
modifiable causes of blood loss in critical illness.

Table 1: Author made, adapted from references 2. Causes of Anaemia in Critically Ill Patients. The
different causes of anaemia in critical illness are categorised into those that cause loss of blood volume
and RBC concentration, and those that prevent restorative erythropoiesis.

Causes of Blood Loss Causes of Reduced RBC Production
Blood sampling Reduced erythropoietin production
Haemorrhage and trauma Bone marrow hypo-responsiveness
Surgical interventions Impaired iron metabolism
Abnormal coagulation Nutrient deficiencies
Haemolysis
Reduced RBC lifespan

latrogenic anaemia is of particular importance in the ICU, where blood volumes of approximately 18-
86mL can be routinely removed for sampling per day’- % 12, Hence, for patients with prolonged stays
in the ICU, significant blood loss may be observed. Furthermore, for every 100mL of blood taken for
sampling, a 0.7g/L reduction in haemoglobin and 1.9% fall in haematocrit!® is witnessed, emphasising
the importance of minimising blood loss. However, it has been suggested that half of blood tests in
ICUs are unnecessary, provide little clinical value and do not benefit patient outcomes'* >

Arterial lines have been a mainstay of monitoring in ICU for decades'¢. Arterial lines are used for
continuous arterial blood pressure monitoring and as a site for frequent blood sampling (Fig. 1).
However, a major drawback of blood sampling from conventional arterial lines is the discarded volumes
of blood removed at the start of a blood draw. On average, 13-15mL of blood is discarded per patient
each day® !> !” and is responsible for approximately 30% of iatrogenic blood loss'? in the ICU. This
discarded blood volume is required for each sampling episode to remove the flush solution from the
arterial line. These volumes cannot be returned into the arterial line as it is no longer sterile and risks
contamination and infection of the patient’s circulating blood'®.

Modern closed-circuit arterial lines eliminate discarded blood volumes when sampling from them. They
operate via a blood reservoir pulling the initial ‘flushed’ arterial blood past the sampling port. The
sampling port can then be accessed for sampling the accurate physiological concentration of blood.
After the blood draw is complete, the blood reservoir can be reinfused, and the arterial line is flushed"’
(Fig. 1). This process mitigates the need to discard blood.
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Figure 1: Author made, adapted from references '*!?. Comparison of Conventional and Closed-Circuit
Arterial Lines. A) Conventional arterial lines contain an intra-arterial catheter, blood sampling port, 3-
way stopcock, blood pressure transducer and a continuous flushing system. It does not contain a device
for the conservation of blood when the line must be cleared before taking blood samples. Blood is
discarded from conventional arterial lines. B) Closed-circuit arterial lines contain an intra-arterial
catheter, blood sampling port, shut-off valve, blood reservoir, blood pressure transducer and a
continuous flushing system. The blood reservoir acts as the site where blood is conserved. When taking
a sample, the reservoir is: (1) Pulled upwards to contain a volume of blood and also clear the arterial
line, after which blood can be sampled from the sampling port. (2) After blood sampling is complete,
the blood reservoir is pushed back down to reinfuse the blood it contains. Blood does not get discarded
with closed-circuit arterial lines.

It has been found that 26-44% of ICU patients will receive a blood transfusion during their stay>’-*,
Anaemia, on average, represents two-thirds of the indications for these transfusions in ICUs?.
Additionally, it is estimated that 30% of blood transfusions in ICUs are the result of excessive blood
sampling®. Transfusions can also have significant complications, including transfusion-associated
circulatory overload (TACO), haemolysis and transfusion-related acute lung injury (TRALI)*.
Therefore, minimising transfusions due to excessive blood sampling would reduce their associated risks
and costs.

Objectives
1. To determine if significant blood loss occurred due to sampling, and to quantify the blood loss.
2. To collect and statistically analyse patient outcomes, haemoglobin values and transfusion data

in correlation with blood loss due to sampling.

2. Methods

2.1 Study Design and Setting

A retrospective, single-centre observational study was performed to test blood sampling in critical ill

patients. Patients admitted to an adult intensive care unit (ICU) within three months were used to gather
the data. The patients who were in the ICU under level 3 care were studied.
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2.2 The participants (Inclusion and Exclusion Criteria)

To be included in the study patients needed to have their ICU length of stay of 14 days or more and
their level 3 care at some time during their stay. Patients were ineligible when they reported having any
major bleeding incidents during their ICU stay, when they were deemed to have bone marrow
suppression or when they had haemolytic anaemias.

2.3 Data Collection

The data contained in electronic patient records were analyzed to obtain clinical and demographic
information, age, sex, co-morbidities, total length of ICU stay, and number of days under level 3 care.
The information pertaining to blood sampling was gathered such as the kind and the regularity of blood
tests. Data on blood transfusions, haemoglobin level at the ICU admission, nadir haemoglobin at the
ICU admission and patient outcomes (28-day mortality at ICU admission and survival at discharge)
were also collected. To measure blood volumes taken to be tested in the diagnosis section, the User
Guide of the Pathology Department was consulted to find out the types of blood bottles and the
respective volumes to be used in the cases of different investigations. (Table 2) provides the volumes
relating to each type of blood bottle

Table 2: Author made. Blood Bottle Volumes. A description of the variety of blood bottles used in ICU
sampling, the investigations performed from the sampled blood, and the volume of each bottle type.

Blood Bottle Type Blood Test Volume (mL)
EDTA K3 (Red) Haematology 34
Citrate 3.2% (Green) Coagulation 2.9
Serum Gel (Brown) Serum Biochemistry 4.0
Fluoride/EDTA (Grey) Ammonia/Tacrolimus/HbAlc 2.7
POCT Blood Gas Syringe ABG 1.0
Blood Culture Bottle Blood Culture 15.0

A sum of the number of point-of-care testing (POCT) arterial blood gas samples and other blood
samples collected at different timepoints were summed to calculate the number of blood sampling
episodes necessitating line clearance. Every sample episode of an intravascular catheter was preceded
by a given volume of discard to clear the line of flush solution.

2.4 Definitions

The required standard of haemoglobin was of less than 120 g/L in women and less than 130 g/L in men
as defined by the National Institute of Health and Care Excellence (NICE) standards. Since there is no
NICE definition of severe anaemia, a haemoglobin level below 90 g/L was defined as severe anaemia,
as per the literature published before.

Since no institutional guideline defined the amount of blood to be wasted before sampling, a
questionnaire was given to the ICU nursing staff members to estimate the amount of the same. The
discarded blood volumes, which were reported, were of 3 to 5 mL per episode of sampling. All analyses
were done using the mean estimated discard volume of 4.1 mL.

2.5 Statistical Analysis

The statistical tests were conducted to measure the correlations between blood loss incurred during the
sampling process and blood transfusion requirements, mortality, and haemoglobin decrease in relation
to ICU length of stay. Linear associations were assessed using correlation coefficients as developed by
Pearson. This was done by using analysis of covariance to compare the slope of regression across
groups. The two-sided 95 percent confidence interval was used with a level of statistical significance
being p < 0.05.

3. Results
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32 patients were identified for inclusion in the study. Patient characteristics are summarised in (Table
3). Of the population, 46.9% were male, and 53.1% were female. The average age was 57 (£14.3),
ranging from 23-86 years old, with 18.8% being aged 70 years and over. The mean length of stay in the
ICU was 24.0 days (+8.9), with the longest ending after 44 days. The mean number of days in level 3
care was 20.2 days (£10.0), approximately 4 days less than the total ICU length of stay.

Table 3: Author made. Summary of Patient Characteristics. Summarises demographic data from the
patient population, including gender, age, length of stay in ICU and number of days receiving level 3
care.

Patient Characteristics Mean (£SD)
Demographics
Male (%) 46.9
Female (%) 53.1
Age (years) 57.1 (£14.3)
Care Duration
Total Length of ICU Stay (Days) 24.0 (£8.9)
Days in Level 3 Care (Days) 20.2 (+10.0)

3.1 Blood Loss Due to Sampling

In total, the whole patient population lost 18,497.5mL of blood when accounting for blood loss from
both diagnostic tests and discarded blood volumes. For individual patients, the total blood loss over
their whole ICU stay ranged from 287.4mL to 1,442.0mL. The mean total blood loss due to sampling
was 578.0mL (£242.3). The average daily blood loss per patient was 24.5mL/day (£5.0), with volumes
ranging from 15.0mL/day to 35.2mL/day.

The total number of blood tests performed across the patient population was 4,087 tests. The total
number of tests performed on each patient was between 63 and 303 tests while they were in the ICU.
The mean total number of blood tests was 127.7 (£ 51.3). The daily average number of blood tests
performed per patient was 5.3 (+1.0), with values ranging between 3.6 and 7.6 tests per day. The most
performed test was the POCT blood gas, which accounted for, on average, 50.8% (£4.7) of all blood
tests and 11.3% (£1.0) of all blood volume lost. All data from blood loss due to sampling and blood
tests performed are summarised in (Table 4).

Across the entire patient population, a total of 8,580.0mL of blood was discarded during 2,145 separate
blood sampling episodes. Individual patients had a mean of 268.1mL (+117.9) of blood discarded during
their ICU stay, with volumes ranging from 116 to 716mL. This equated to an average of 11.4mL (+2.8)
of blood discarded daily, with volumes varying between 6.3 and 16.7mL/day. Blood discard volumes
represented the highest proportion of blood lost due to sampling at 46.3% (£3.5).

Table 4: Author made. Summary of Blood Loss from Sampling. Summarises the average volume of

blood loss experienced by each patient and the proportions of different blood tests performed compared

with the average total of all tests. It also shows the proportion of blood loss attributed to the different

types of blood tests as a percentage and the mean volumes of blood loss due to discarded blood for each
atient.

Blood Sampled Mean (£SD)
Blood Loss per Patient
Total Blood Loss (mL) 578.0 (£242.3)
Daily Blood Loss (mL/day) 24.5 (£5.0)
Proportions of Different Blood Tests Performed
Total Number of Blood Tests 127.7 (£ 51.3)
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Daily Number of Blood Tests 5.3 (£1.0)
POCT Blood Gases (%) 50.8 (+4.7)
Haematology Tests (%) 18.2 (£2.5)
Coagulation Screens (%) 8.1 (£2.0)
Serum Biochemistry (%) 21.1 (£2.2)

Ammonia/Tacrolimus/HbAlc Tests (%) 0.4 (+0.9)

Blood Cultures (%) 1.4 (£1.2)
Proportion of Blood Loss Due to Different Blood Tests

POCT Blood Gases (%) 11.3 (+1.0)

Haematology Tests (%) 13.8 (£2.3)

Coagulation Screens (%) 5.2 (£1.5)

Serum Biochemistry Tests (%) 18.8 (£2.5)

Ammonia/Tacrolimus/HbA ¢ Tests (%) 0.2 (£0.5)

Blood Cultures (%) 4.4 (£3.8)

Blood Loss from Discard Volumes per Patient

Total Discarded Blood (mL)

268.1 (£117.9)

Daily Discarded Blood (mL/day)

11.4 (£2.8)

Proportion of Blood Loss from Discarded Blood (%)

46.3 (£3.5)

3.2 Blood Transfusions
Within the patient population, 37.5% of patients received a blood transfusion, with a total of 26 blood
units being transfused. The mean number of blood units given across all patients was 0.8 units. The
average daily blood volume sampled from patients who required one or more transfusions was
26.7mL/day (£6.2). The average daily volume of blood sampled from patients who did not receive a
blood transfusion was less, at 23.2mL/day (£3.5).

The correlation between the total volume of blood loss, length of ICU stay and transfusion is
demonstrated in Figure 2. A strong positive correlation was found between the volume of blood
sampled, length of stay in the ICU and transfused patients (r’= 0.693, p= 0.0008). A strong positive
correlation was also found for the volume of blood sampled, length of stay in the ICU and non-
transfused patients (r>= 0.771, p <0.0001). However, the rate at which blood was lost due to sampling

was not significantly higher in transfused patients than in those who were not transfused (p= 0.0765).
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Figure 2: Author made. Relationship Between Blood Loss Due to Sampling and Transfusion. The graph
shows the relationship between the total volume of blood lost from sampling and length of ICU stay for
patients who received one or more blood transfusion (red), or did not receive a blood transfusion (blue)
in the ICU, with their corresponding lines of regression.

3.3 Patient Outcomes

Within the patient population, three different patient outcomes were identified using survival-to-hospital
discharge. These included those who did not survive to hospital discharge, those who did survive to
hospital discharge and those who remained in the hospital at the conclusion of data collection. 28.1%
of patients passed away before discharge, 50.0% survived to hospital discharge, and 21.9% remained
in hospital after the study’s data collection was complete (49 days after last admission date). The highest
daily blood loss due to sampling occurred in patients who passed away. For patients who did not survive
to hospital discharge, 26.4mlL/day (+5.9) of blood was sampled on average. Patients who were
discharged lost 24.7mL/day (+4.3) of blood, and those who remained in the hospital lost 21.5mL/day
(£3.4). The highest proportion of blood transfusions were given to patients who did not survive to
hospital discharge. Of the 9 patients who passed away, 55.6% received blood transfusions. Out of 16
patients who were discharged, 31.3% of patients were transfused. Of the 7 patients who remained in
hospital, 28.6% received blood transfusions. The 28-day mortality for patients admitted to the ICU was
12.5%.

The correlation between the total volume of blood loss, length of ICU stay and patient outcome is
demonstrated in Figure 3. A strong correlation was found between the volume of blood sampled, ICU
length of stay and patients who did not survive to discharge (r>= 0.764, p= 0.0021). A strong correlation
was found between the volume of blood sampled, ICU length of stay and patients who survived to
discharge (r>= 0.713, p <0.0001). A strong correlation was also found between the volume of blood
sampled, length of stay in the ICU and patients who remained in the hospital after data collection
completion (r>= 0.822, p= 0.0049). The rate at which blood was lost due to sampling was significantly
higher in patients who did not survive to discharge than those who survived to discharge or remained
in hospital (p= 0.0269).

Relationship Between Blood Loss due to Sampling
and Survival-to-Hospital Discharge
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Figure 3: Author made. Relationship Between Blood Loss Due to Sampling and Survival-to-Hospital
Discharge. The graph shows the relationship between the total volume of blood lost from sampling and
length of ICU stay for patients who did not survive to hospital discharge (red), survived to hospital
discharge (blue), or remained in the hospital at the end of the data collection (green), with their
corresponding lines of regression.

3.4 Haemoglobin Concentration

The average ICU admission haemoglobin concentration was 115.7g/L (£21.0), and the average nadir
haemoglobin during an ICU admission was 82.2g/L (£16.0). The average decline in haemoglobin from
admission to the nadir was 33.5g/L (x15.1). 65.6% of the patient population were anaemic upon ICU
admission, but 100% of the patient population were anaemic at some point during their [CU admission.
6.3% of patients were severely anaemic upon ICU admission, and 68.8% were severely anaemic at
some point during their ICU admission.

The correlation between the total volume of blood loss, maximum haemoglobin decline and anaemia
severity is demonstrated in Figure 4. No correlation was found between the total volume of blood loss
and maximum decline in haemoglobin for patients who developed severe anaemia (r>= 0.000, p=
0.9638). Furthermore, no correlation was found between the total volume of blood loss and maximum
decline in haemoglobin for patients who did not develop severe anaemia (r’= 0.138, p= 0.2907). As
there is no linear correlation, no significance can be drawn from their relationships.

Relationship Between Blood Loss due to Sampling and
the Maximum Decline in Haemoglobin
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Figure 4: Author made. Relationship Between Blood Loss Due to Sampling and Maximum
Haemoglobin Decline in Different Severities of Anaemia. The graph shows the relationship between
the total volume of blood lost from sampling and the maximum decline in haemoglobin concentration
for patients who developed severe anaemia in the ICU (red) or those who did not develop severe
anaemia in the ICU (blue), with their corresponding lines of regression.

4. Discussion

A large volume of blood was drawn from patients for sampling in the ICU, with an average of 24.5mL
of blood taken each day. This finding is in keeping with volumes of blood loss seen in previous studies,
which have observed between 18-86mL of blood sampled per day’%!%12, A significant proportion was
not used for the purposes of testing and monitoring. Just under half (46.3%) of all blood loss patients
experienced was wasted by being discarded for line clearance. This accounted for an average of
11.4mL/day of discarded blood. The discard volume was slightly lower than the 13-15mL/day of blood

221 |Page



. Evaluating Blood Loss Due to Sampling in the ICU: An Extended Study on the Clinical
SEEI PH Outcomes, Blood Transfusions, and Modern Mitigation Strategies
. = SEEJPH Volume 29, No. 1, 2026, ISSN: 2197-5248; Posted:10-01-2026

discarded for each patient seen in past studies® ' . Despite this, however, a much greater proportion
of blood was discarded than the 30% typically expected when using conventional arterial lines'2.

Furthermore, the most frequently performed blood test was POCT blood gases. They accounted for just
over half (50.8%) of all investigations requiring a blood sample. This is similar to a past study that
stated POCT blood gases represented 40% of all blood tests performed in the ICU?¢, although it may
suggest a slightly higher reliance on POCT. Interestingly, the POCT blood gas analysis only accounted
for 11.3% of total blood volume loss. Whilst this can be considered an impressive ratio of sampling
frequency to blood volume lost, greater improvements can be made to reduce the volume further. The
highest sources of blood loss due to sampling for laboratory testing occurred due to serum biochemistry
and haematology, representing 18.8% and 13.8% of total blood loss, respectively.

This study found no statistically significant difference between the volume of blood sampled from
patient groups who received blood transfusions and those who did not. Patients requiring transfusions
lost, on average, 3.5mL/day more blood than those who did not require a transfusion. Despite each
group having a strong positive correlation between the volume of blood lost with the time spent in the
ICU, it could not be concluded that patients who received blood transfusions lost more blood due to
blood sampling. This is contrary to past literature, which has found that correlations between higher
blood sampling volumes and transfusion requirements exist!'® 2" 28 Patients who require blood
transfusions in critical care have also been linked to poorer outcomes, although the likely explanation
for this is a combination of blood sampling practices and the severity of patients’ critical illness® ’.
Therefore, while it is not possible to consider blood sampling as an independent predictor of transfusion
requirements from the study’s results, they demonstrate it is likely part of a group of variables which
all contribute towards patients requiring transfusions. It is notable that more extensive blood testing is
required for more severely ill patients. As a result, the extent to which blood sampling increases the
likelihood that patients will require blood transfusions cannot be determined. This is an area that will
require further exploration to assess the scale at which blood sampling can be used to predict transfusion
requirements.

Unsurprisingly, anaemia was identified as a complication in 100% of patients admitted to the ICU, with
the average maximum decline in haemoglobin concentration being 33.5g/L. However, no correlation
was found between the decrease in haemoglobin concentration and the volume of blood loss due to
sampling. This is similar to results produced in other studies with a comparable methodology, where
declines in haemoglobin concentration were observed after ICU admission, but no relationship could
be drawn between haemoglobin and blood sampling'"* ?°. Despite iatrogenic blood loss being an
undeniable source of anaemia in ICU patients, it is uncertain to what extent it contributes to the overall
haemoglobin decline. Many reasons could be responsible for the lack of a correlation between blood
sampling and haemoglobin concentration, as shown in (Table 1).

The primary blood conservation method that can be introduced is closed-circuit arterial lines. The
theoretical application of these devices may reduce the total blood loss from sampling by almost half
(46.3%). However, a previous systematic review of best practice using closed-circuit arterial lines only
demonstrated a reduction in blood loss by approximately 25%°. Their use has been reported to
significantly lower both transfusion requirements and improve mortality rates for ICU patients>!. Their
proposed use should be subject to further quality improvement projects and randomised control trials
to determine their effectiveness in reducing blood loss. Closed-circuit arterial lines are more expensive
than the conventional arterial lines currently in use*2. Despite this, they may be considered cost-effective
when equated to possible financial savings made from a reduction in transfusion frequency and the
adverse effects related to blood transfusions > as well as improved patient outcomes.

Furthermore, blood loss from sampling can be further reduced by limiting excessive blood testing. This
may be achievable through lead physicians selecting and rationalising daily blood tests as required —
using their expertise to determine which investigations will best assist efforts to monitor individual
patients. Literature relating to the optimisation of blood sampling suggests that currently, half of the
blood tests patients receive in the ICU are unnecessary'® 1°,
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5. Limitations

Several limitations were present during the study. Firstly, the study used a retrospective design, whereas
a prospective study may have provided more accurate results. Difficulties were present in obtaining
accurate blood sampling and discarded volumes retrospectively. However, results from the
questionnaire allowed average volumes of discarded blood to be gauged, which were similar to previous
studies on the same topic. Furthermore, the electronic patient records system used for data collection
did not include all blood samples patients received, such as group and save and cross-matching samples.
A prospective analysis would have instead allowed for the volumes to be tracked at the time of sampling
from each individual patient, making the averages calculated more accurate. However, it is not expected
that this factor will change the results significantly. Additionally, the size of the study population was
small and from a single-centre, meaning that although some results were found to be significant, caution
is advised when making generalisations from them.

Finally, discarded blood volumes cannot be considered as entirely undiluted blood due to the use of
saline flushes. A proportion of the discarded blood volumes was composed of saline. Therefore, it is not
possible to determine the extent to which these diluted blood volumes affected the end volumes
calculated. Importantly, the absence of a scoring system to determine illness severity meant it was a
potential confounding variable for the survival-to-hospital discharge of patients. Scoring systems such
as the acute physiology and chronic health evaluation II (APACHE II) was used in past studies to
eliminate illness severity from being a potential confounder for mortality® !> 2,

6. Conclusions

This study demonstrated that ICU patients experienced high volumes of blood loss. Reductions in
discarded blood volumes and sampling frequency have been identified as areas that could significantly
benefit patient care and reduce the harm critically ill patients may experience. Ultimately, the quality-
of-care patients experience in the ICU may be improved through the application of blood conservation
methods. Further studies are recommended into blood loss due to sampling in ICUs, as well as
additional research to assess the efficacy of blood conservation methods
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