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• Overt or occult blood loss

• Reduced red blood cell life span

• Reduced erythropoetin production

• Inflammation, cytokine production

• Changes in iron metabolism

• Renal replacement therapy

• Diagnostic blood loss

Shander A. Anemia in the critically ill. Crit Care Clin. 2004; 20: 159–178
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Causes of anemia in ICU patients



• Diagnostic blood loss of 40–50 ml per ICU day could contribute to up to 20% of the total blood loss during 
an ICU stay leading to anemia 

• After one week in the ICU, this diagnostic blood loss is equivalent to the volume of one unit of packed 
RBCs 

• Studies in Europe and Northern America have shown that 39–44% of all ICU patients do receive RBC 
transfusions, and this rate increases with the duration of the ICU stay 

• In the Anemia and blood transfusion in critically ill patients (ABC) study, patients with an ICU stay longer 
than 7 days had a RBC transfusion rate of 73%  

• In the Audit of Transfusion in Intensive Care in Scotland (ATICS) study, 60% of all transfused RBC units 
were given to patients without clinically significant bleeding signs. These patients received on average 1.9 
units of RBCs per transfusion episode
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Blood loss and RBC transfusions in ICU patients

Vincent JL,  et al. JAMA. 2002; 288: 1499–1507. Corwin HL, et al. Crit Care Med. 2004; 32: 39–52. von Ahsen N, Müller C, Serke S, Frei U, Eckardt KU. Crit Care Med. 1999; 27: 2630–2639. Silver MJ, et al. Chest. 1993; 104: 1711–1715. 
Walsh TS, et al. Transfusion. 2004; 44: 1405–1411.
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1. Blood conservation devices for arterial lines

2. Reduction of the size of the blood collection tubes

3. Policy to use non-invasive methods such as pulse oxymetry and capnography as often 
as possible to adjust mechanical ventilation in order to reduce the frequency of 
invasive arterial blood gas analyses.
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Blood saving bundle (BSB)



• Arterial blood samples were taken 
from a three way stopcock. 

• To clear the line from flushing 
solution, first a serum tube was 
connected to the stopcock, and 
several ml of blood were drawn 
into the serum tube before the 
blood sample was taken. 

• The serum tube was then 
reconnected, the stopcock cleared 
with flushing solution, and the 
serum tube was discarded. 
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Arterial blood sampling before introduction of the BSB
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Blood conservation devices/closed blood sampling

https://www.edwards.com/gb/therapies/bloodmanagement
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Blood conservation devices/closed blood sampling

https://www.edwards.com/de/devices/Pressure-Monitoring/Closed-Blood-Sampling https://amt-medica.com/produkte/amtrans

https://www.icumed.com/products/critical-care/closed-blood-sampling-and-conservation/safeset



13

Blood conservation devices/closed blood sampling

https://www.codancompanies.com/de/produkte/invasive-blutdruckmesssysteme/

• Arterial blood conservation 
device (xtrans1 ABSS, Codan pvb, 
Lensahn, Germany) was 
introduced. 

• Before blood samples were taken 
from a port integrated into the 
arterial line, blood and flush 
solution were drawn into a 
reservoir distal to this sampling 
port. 

• After taking the sample the 
blood that was preserved in the 
reservoir was re-infused. Hereby, 
no blood was discarded.



• Nurses used smaller sample volumes (approx. 1 ml) for arterial blood gas tests and other diagnostic 
samples, if technically possible.

• The size of the blood collection tubes (Sarstedt Monovette1, Nümbrecht, Germany) was reviewed. A 
switch to pediatric collection tubes was deemed impractical, because these tubes were not compatible 
with the laboratory analyzers. 

• The size of the standard lithium-heparin serum tube could be reduced from 5.5 ml to 2.7 ml. 

• The size of all other collection tubes could not be reduced.
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Reduction of the size of the blood collection tubes



• A policy was established to use pulse oxymetry and capnography as often as possible to monitor 
oxygenation and ventilation in order to reduce the frequency of arterial blood gas analyses with the 
point-of-care analyzer. 

• These samples, however, were also used to measure Hb-levels, electrolytes, lactate and blood glucose to 
guide several aspects of ICU-therapy in the critically ill patients included in this study and were drawn by 
nurses or residents when they deemed it necessary for clinical decision making. 

• For isolated measurements of blood glucose in stable patients we encouraged the use of glucose sticks 
with a handheld analyzer (Akku-Chek1 performa, Roche, Mannheim, Germany).
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Policy to use non-invasive methods such as pulse oxymetry
and capnography



During the introduction phase short presentations about the BSB were given to the nurses 
during handovers. 

Nurses were also supplied with printed educational material and were coached 
individually at the bedside by one member of the study team
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ICU staff training program



• Physicians were instructed in both study periods to apply a standard transfusion Hb-
threshold of 7 g/dl. 

• In patients with cardiovascular or respiratory instability, a transfusion threshold of 8 or 9 
g/dl was allowed on an individual basis usually after discussion on rounds.
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Blood transfusions



• Retrospective study with longitudinal design  

• 2008: Data collection for control group (41 pts.)

• 2009: Introduction of BSB with trainings

• Talks

• Educational material

• Coaching at the bedside

• 2010: Data collection for the BSB-group (50 pts)
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Study design



During the observation period, all patients treated with mechanical ventilation for longer than 72 h and without any 
exclusion criteria were included into the study.

Exclusion criteria:

• Moderate anemia (Hb < 9 g/dl) on admission

• History of a chronic hereditary or acquired hematological disease with anemia

• Chronic renal failure (stage G4 and G5), renal anemia and/or treatment with erythropoietin

• Acute clinically relevant bleeding or decrease of the hemoglobin concentration of 3 g/dl during the first 24 h after         
admission

• Transfusion requirement of  3 RBCs within one week in the last 4 weeks before admission

• End-of-life therapy or death of the patient
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Study population



• In 2008 and 2010 representative numbers (n = 50 or n = 100) of all blood samples and discarded blood volumes were 
collected and analyzed in a standardized protocol in order to calculate mean blood volume associated with every type 
of blood sampling as a reference for the calculation of the blood loss.

• The electronic medical records of all included patients were analyzed to determine the number of all blood sampling 
events and the corresponding number of all collection and flushing tubes including samples for blood cultures and 
blood compatibility tests. These numbers were multiplied with the reference blood volume for each type of tube in 
order to calculate the resulting blood loss.

• For the analysis of hemoglobin concentrations we used the values measured at admission and the follow-up values 
measured daily at 5:00 a.m. in the central laboratory. We also recorded the Hb levels that triggered RBC transfusions.

• All other data such as patient characteristics, Simplified Acute Physiology Score II (SAPS II), numbers of transfused RBC 
units, length of ICU stay, and duration of mechanical ventilation were also retrieved from the electronic medical 
records.
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Data collection



Primary Endpoint

• Mean daily blood loss (per ICU day, ventilation day, non-ventilation day) 

• Development of anemia

Secondary Endpoints

• Daily change of the hemoglobin concentration

• Number of observation days with hemoglobin concentrations < 9 g/dl and < 8 g/dl

• Blood transfusions (number of transfusion events, number of RBC units) 

• ICU length of stay

• Duration of mechanical ventilation
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Study endpoints



Sample Size

• With 90% power and a two-sided two group t test, a sample size of 39 patients in each of the groups will detect an effect of at least 
δ = 0.75. This means for instance, in concrete terms, a relevant reduction of 20% from a before mean blood loss of 45 ml per day
assuming a SD of 12 ml (nQuery Advisor 4.0, Statistical Solutions Ltd., Cork, Ireland)

Statistical Analysis

• Patient characteristics are summarized with the mean and the standard deviation, and with numbers. 

• Estimates for the study endpoints are presented with 95% confidence intervals. 

• Positively skewed data such as ICU length of stay were logarithmically transformed, and are described with the geometric mean. 

• To compare continuous and categorical data between the intervention and the control group, the two-sample t test and Fisher’s 
exact test were used, respectively. 

• For the statistical testing of the changes in hemoglobin concentration from baseline over time we used an analysis of covariance
(ANCOVA). The level of statistical significance was set at P<0.05. 

• All analyses were performed with the JMP1 9.0 statistical software package (SAS Institute, Cary, NC, U.S.A.).
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Statistics
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Results
Patient characteristics
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Results
Average blood loss per Patient [ml] in controls compared to the BSB group per 
ICU day and during ventilation and non-ventilation days

The median total ICU blood loss in the BSB-group was 145 ml (interquartile range [IQR] 96–206 ml) compared to 523 ml (IQR 
360–911 ml, p < 0.001, U-test Mann-Whitney- Wilcoxon) in the control group.
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Results
Percentage of blood loss in routine diagnostic blood samples characterized by the 
anticoagulant in the sampling tube (excluding blood cultures)

• On average, 2.6 ml of blood was discarded for every 
blood sampling to flush the line. 

• Upon introduction of the BSB the number of blood gas 
tests was significantly reduced from 7.2 to 6.2 per ICU 
day (p = 0.002) and from 8.4 to 6.8 per ventilation day 
(p<0.001), respectively. 

• Thus, a total flushing volume of 18.7 ml blood per day 
could be saved in the BSB group. 

• Additionally, 9.7 ml blood per day could be saved by 
using smaller sized lithium-heparin tubes (2.7 ml 
instead of 5.5 ml) and a reduced filling of tubes and 
syringes. 

• The total blood volume of the standard diagnostic 
blood sampling taken routinely at 5:00 a.m. (one 
arterial blood gas sample, one lithium-heparin tube, 
one citrate tube and one EDTA tube) +/- flushing 
volume was reduced from 13.3 ml to 7.3 ml (p<0.001) 
by the use of the BSB.
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Results
Box plots of the hemoglobin concentrations in the control and BSB group as a 
function of the length of stay in the ICU
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Results
Box plots of the daily changes of the hemoglobin concentrations over time 
compared to the previous day in the control red) and in the BSB group (blue)
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Results
Absolute number and percentage of observation days with hemoglobin 
concentrations < 8 g/dl and < 9 g/dl
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Results
Blood transfusions
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Results
Mean ICU length of stay per patient in days, also separated in ventilation and 
non-ventilation days



• This study showed that a closed arterial blood sampling system was the most effective 
tool to reduce diagnostic blood loss in mechanical ventilated ICU-patients and might 
reduce the need for RBC transfusions in these patients at high risk for developing 
anemia under a restrictive transfusion regimen.

• The BSB has become part of the routine in our ICU since.
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Conclusion


