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COMMEN TAR Y

pH is unsuitable as a quality control marker in platelet
concentrates stored in platelet additive solutions

In common with many other countries, the United Kingdom has

retained pH as a principal indicator of quality in platelet concentrates

(PCs), with a specification for pH22�C levels ≥6.4 at end of storage.

Murphy et al. reported a loss of platelet function and viability when

the PC storage media approached a pH22�C of 6.0 [1], with subse-

quent studies describing a clear correlation between lower pH values

and low platelet survival upon re-infusion [2]. Low pH levels have thus

been associated with the changes observed with platelet storage,

which are collectively referred to as the platelet storage lesion (PSL).

However, studies with PCs stored at ambient temperature suspended

in 60%–70% platelet additive solution (PAS) show a stabilization and

even an increase in pH with increasing storage. It has thus become

apparent that the use of pH as a routine quality control (QC) indicator

at end of storage is unsuitable for these components and this practice

requires modification.

Platelets will generate adenosine triphosphate (ATP) via glycolysis

even in the presence of adequate supplies of oxygen, though the rate

of lactate production is greatly accelerated in oxygen-depleted condi-

tions. In PCs suspended in 100% plasma, pH is principally buffered by

the bicarbonate system. With CO2 able to leave through the gas-

permeable storage pack, the removal of hydrogen ions from solution

will be promoted as long as bicarbonate is available [3]:

Hþ þHCO3
– ⇋H2CO3 ⇋CO2þH2O:

The addition of bicarbonate as a buffer in additive solutions man-

ufactured with steam sterilization techniques has been problematic,

and most commercial additive solutions have avoided its use [4]. Solu-

tions such as PAS-E include phosphate as a buffer and acetate as a

source of oxidizable fuel. Acetate is preferred over glucose as an

energy source by stored platelets [5]. Its metabolism requires conver-

sion to its conjugate acid, with the proton needed to convert acetate

to acetic acid derived from the dissociation of carbonic acid, resulting

in the generation of a bicarbonate ion. The formation of bicarbonate

through acetate metabolism leads to stable pH levels in PCs using

storage media comprised of at least 60% PAS-E. The presence of ace-

tate in PAS also reduces lactate production and increases the oxygen

consumption of stored platelets [6]. Phosphate in PAS provides addi-

tional buffering capacity; though in seemingly contradictory fashion, it

has been associated with stimulating glycolysis in platelets collected

with anticoagulants lacking phosphate such as acid–citrate–dextrose

in a bid to maintain adequate adenine nucleotide levels [7]. The overall

effect of the inclusion of compounds such as acetate and phosphate

in PAS is to remove the reliance on the plasma-derived bicarbonate

buffering system and decouple the levels of extracellular pH in the

unit from the viability and functional capacity of the stored platelets.

This poses a problem for blood establishments that have used pH as

the principal quality indicator for routine end-of-storage quality moni-

toring of their PCs.

The decrease in pH in PCs suspended in 100% plasma corre-

sponds to an increase in lactate concentration due to glycolysis. John-

son et al. reported pH22�C levels above 7 after 21 days of storage at

ambient temperature in PCs suspended in 60% PAS-E, with an

increase in pH from day 14 coinciding with the depletion of glucose in

the storage media. Despite this, a marked increase in markers of plate-

let activation, such as annexin V binding to aminophospholipids and

soluble P-selectin levels, as well as decreased clotting time and aggre-

gation responses to collagen were noted [8]. Studies with earlier PAS

formulations (PAS-B and PAS-C), which extended the storage period

beyond the point at which glucose is depleted, have also reported an

increase in pH concomitant with a cessation in lactate production [9,

10]. It is possible that the observed rise in pH is due to bicarbonate

generated from the metabolism of acetate and warrants further inves-

tigation [11, 12].

Over the period of storage, ATP levels in PC are observed to

decrease, reducing the platelets’ ability to perform energetically

demanding processes. The loss of the glycolytic pathway could

contribute to this loss of function, but the picture is complicated by

the inclusion of acetate, with its role as a preferential fuel for ATP

generation and a buffer [12, 13]. Beyond the maintenance of ATP

stores, glucose may be involved in other metabolic pathways required

for platelet viability such as maintenance of glutathione levels [14].

Glucose levels are also suggested as an alternative QC measure

because of the association of glucose depletion with increased

expression of markers coupled with a pro-apoptotic phenotype,

including increased expression of aminophospholipids such as phos-

phatidylserine on the platelet surface, increased intracellular calcium

levels and microparticle generation [15, 16]. The measurement of

glucose is thus a more predictive quality marker than pH in PC

suspended in 60%–70% PAS and can be quickly and easily measured

on a biochemistry analyser. Lactate can be similarly measured.

However, unlike depletion of glucose, which provides a definitive

endpoint, it would be more difficult to define a numeric limit for

lactate that could be applied as an end-of-storage QC indicator
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across the various PC components. Pro-apoptotic markers of the PSL

often require specialized equipment and expertise, with assay and

donor variability making it difficult to define a numeric end-of-storage

specification. They continue to be useful in evaluations of novel

components where measurements can be made throughout the

storage period.

This discussion has concentrated on PCs stored at ambient tem-

perature but could be extended to the resurgent interest in cold stor-

age of PCs. Cold storage results in reduced glucose consumption and

lactate production. Patterns of platelet activation and haemostatic

function are quite dissimilar in cold-stored platelets compared to

ambient temperature PCs [8, 17]. Further work is required to identify

an appropriate routine end-of-storage QC indicator for cold-stored

PC, since ‘classic’ markers like swirling, pH and platelet activation

indices may not be appropriate.

In summary, the accelerated expression of several indicators

of the PSL is observed to occur after glucose levels are depleted.

We therefore recommend that further investigations be under-

taken to confirm the suitability of glucose as a routine end-of-

storage QC marker for PCs stored in PAS at ambient temperature,

and to define a practical specification that can be used by advisory

bodies to guide blood establishments with the introduction of this

change.
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Abstract

Background and Objectives: Transfusion-associated circulatory overload (TACO) is a

pulmonary transfusion complication and a leading cause of transfusion-related mor-

bidity and mortality. Volume overload and rising hydrostatic pressure as a conse-

quence of transfusion are seen as the central pathway leading to TACO. A possible

preventative measure for TACO could be the use of low-volume blood products like

volume-reduced lyophilized plasma. We hypothesize that volume-reduced lyophi-

lized plasma decreases circulatory overload leading to a reduced pulmonary capillary

pressure and can therefore be an effective strategy to prevent TACO.

Materials and Methods: A validated two-hit animal model in rats with heart failure

was used. Animals were randomized to receive 4 units of either solvent-detergent

pooled plasma (SDP) as control, standard volume lyophilized plasma (LP-S) or hyper-

oncotic volume-reduced lyophilized plasma (LP-VR). The primary outcome was the

difference between pre-transfusion and post-transfusion left ventricular end-

diastolic pressure (ΔLVEDP). Secondary outcomes included markers for acute lung

injury.

Results: LVEDP increased in all randomization groups following transfusion. The

greatest elevation was seen in the group receiving LP-VR (+11.9 mmHg [5.9–15.6]),

but there were no significant differences when compared to groups receiving either

LP-S (+6.3 mmHg [2.9–13.4], p = 0.29) or SDP (+7.7 mmHg [4.5–10.5], p = 0.55).

There were no significant differences in markers for acute lung injury, such as pulmo-

nary wet/dry weight ratios, lung histopathology scores or PaO2/FiO2 ratio between

the three groups.

Conclusion: Transfusion with hyperoncotic volume-reduced plasma did not attenu-

ate circulatory overload compared to standard volume plasma and was therefore not

an effective preventative strategy for TACO in this rat model.

Received: 16 November 2022 Revised: 8 December 2022 Accepted: 8 December 2022

DOI: 10.1111/vox.13395

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.

Vox Sanguinis. 2023;118:185–192. wileyonlinelibrary.com/journal/vox 185

https://orcid.org/0000-0002-1578-2813
https://orcid.org/0000-0001-5820-4530
mailto:e.b.bulle@amsterdamumc.nl
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/vox


Keywords
lyophilized plasma, pulmonary oedema, pulmonary transfusion reaction, transfusion-associated
circulatory overload, volume-reduced

Highlights
• There was no significant difference in pulmonary capillary pressure between animals transfused

with volume-reduced plasma and animals transfused with a regular volume plasma product.

• Volume-reduced plasma was not effective in attenuating transfusion-associated circulatory

overload in this animal model.

• In contrast with what was expected, a volume-reduced hyperoncotic plasma product led to a

non-significant trend towards an increase in pulmonary capillary pressure.

INTRODUCTION

Transfusion-associated circulatory overload (TACO) is a pulmonary trans-

fusion complication [1]. TACO is still responsible for about one third of

transfusion-related deaths in spite of adopted transfusion practices [2–4].

The proposed pathophysiological mechanism of TACO is that a first hit,

like heart or renal failure, results in volume incompliance [5]. Subse-

quently, transfusion leads to a fluid overload in the vascular system, caus-

ing the pulmonary capillary pressure to rise and fluid to extravasate from

the capillaries into the lungs. This ultimately leads to pulmonary oedema

and respiratory distress. Although other factors like inflammatory pro-

cesses, glycocalyx injury, colloid osmotic pressure or storage lesion also

may play a role in the pathophysiology of TACO, volume overload and

increased hydrostatic pressure are seen as central features [6, 7].

Current preventative measures suggest reducing volume overload

by using restrictive transfusion thresholds, single-unit transfusions,

slow infusion rates and diuretics [8]. Considering volume overload in

TACO is a fundamental factor, use of volume-reduced transfusion

products could aid in preventing TACO.

Plasma transfusion has been identified as a risk factor for TACO in

previous studies [9, 10]. Plasma can be freeze-dried resulting in lyophi-

lized plasma. Lyophilized plasma in a standard volume has been used in

military and trauma situations, because of the logistical benefits

[11, 12]. It can, however, also be reconstituted in a smaller volume prior

to patient administration, resulting in a more concentrated, hyperonco-

tic volume-reduced product. Especially in patients with volume incom-

pliance and vulnerable for developing TACO, reduced volume

transfusion might be a strategy to prevent TACO. The aim of this study

was therefore to evaluate if concentrated volume-reduced lyophilized

plasma could reduce the increase in pulmonary capillary pressure during

transfusion compared to a standard volume plasma product.

MATERIALS AND METHODS

General information

Animal experiments were approved by the Dutch national committee for

animal experimentation (project licence number: AVD118002017814)

and executed according to the Animal Research Reporting of In Vivo

Experiments (ARRIVE) guidelines and local guidelines [13]. Animals were

housed in an animal housing facility and were kept on a 12-h light–dark

cycle. Animals were fed standard rat chow and water ad libitum. The

groups described here are part of a multi-armed randomized controlled

trial. The control group (solvent-detergent pooled plasma [SDP]) is the

same as previously published by our group. Results from this study includ-

ing a detailed methods section have been previously published [14].

Animal procedures

In brief, experiments were performed using adult male Wistar rats

weighing over 300 g. Animals were anaesthetised using 5% isoflurane

with 100% oxygen, followed by an intraperitoneal injection with a mix

of racemic ketamine (9 mg/100 g body weight), dexmedetomidine

(6.25 μg/100 g) and atropine (0.25 μg/100 g). Then, a continuous intra-

venous mix of racemic ketamine (50 mg/kg/h) and dexmedetomidine

(15 μg/kg/h) was administered through a tail vein cannula.

Animals were ventilated following a tracheotomy using a ventila-

tor (Babylog 3000, Dräger, Lübeck, Germany). The right carotid artery

was cannulated and a rat pressure–volume catheter (SPR-838, Millar,

Houston, TX, USA) was inserted into the left ventricle. The right jugu-

lar vein was cannulated for monitoring central venous pressure and

administration of fluids and transfusion products. The left carotid

artery was cannulated for monitoring mean arterial pressure (MAP)

and blood sampling for arterial blood gas analysis (RapidLab 500, Sie-

mens, Erlangen, Germany).

Isovolemic anaemia was established by the exchange of arterial

blood for a colloid solution (Tetraspan 6%, B. Braun, Melsungen,

Germany) with a target haematocrit of 30% (±2%). Heart failure was

induced by ligating the left anterior descending artery (LAD). The

myocardial infarct was confirmed using electrocardiogram monitoring

and visual inspection of the blanched myocardium. Animals were

allowed to stabilize for 30 min, after which a transfusion product was

administered. All animals received intravenous norepinephrine (2–

8 μg/h) starting before LAD ligation till the end of the experiment.

Animals were followed for 1 h and 30 min after start of transfusion,

after which they were exsanguinated.
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Experimental groups and donor products

In this study, within the multi-armed trial, animals were randomized to

receive either (1) lyophilized plasma (LyoPlas N-W [blood type AB],

Germany Red Cross Blood Service West, Hagen, Germany) either as

standard volume lyophilized plasma (LP-S) or (2) volume-reduced

lyophilized plasma (LP-VR) or (3) solvent-detergent pooled plasma

(SDP) (Omniplasma [blood type AB], Octapharma, Laachen,

Switzerland). SDP transfusion was used to control for a regular plasma

transfusion and LP-S transfusion controlled for possible differences

within the lyophilized product. The randomization was executed in

blocks, containing two interventions for each randomization group. A

single unit of lyophilized plasma was reconstituted in 100 ml of sterile

water (half of the recommended volume). From this hyperoncotic

solution, 50 ml was stored (LP-VR) while the other half was then

diluted to the recommended volume (LP-S). All products originated

from human donors. Animals were transfused with an equivalent to

4 units (4 ml of LP-S or SDP or 2 ml of LP-VR). Infusion speed was

kept equal in all groups at 8 ml per hour, as previous studies have

shown that differing transfusion speeds will confound results [15, 16].

The number of units transfused and the infusion speed have been pre-

viously tested and validated when this animal model was developed

[17]. Treatment allocation was blinded before administration. This

was not possible to maintain during transfusion and follow-up

because the LP-VR group received less volume in a shorter amount

of time.

Haemodynamic measurements

The primary outcome of this study was the difference between left

ventricular end-diastolic pressure (LVEDP) measured before and after

transfusion (ΔLVEDP). LVEDP is a surrogate marker for pulmonary

capillary pressure [18]. In the LP-S and SDP group, ΔLVEDP was cal-

culated by subtracting the pre-transfusion LVEDP value from the

post-transfusion measurement 30 min after start of transfusion. For

the LP-VR group, the post-transfusion measurement was 15 min after

start of transfusion. Haemodynamic data were recorded using Lab-

Chart (version 6.1, AD instruments, Oxford, UK). Blood conductivity

was measured using the volume-cuvette procedure. Parallel conduc-

tance was measured after hypertonic saline bolus injections. Calibra-

tion processes were performed according to previously published

protocols [19].

Sample processing and pathology

Secondary outcomes were markers of pulmonary injury. After exsangui-

nation, the right lung was harvested and the lobes were separated. The

right upper lobe was fixed in 4% formalin, processed into haematoxylin

and eosin–stained slides and scored by an experienced pathologist

blinded for intervention groups. Scores ranged from 0 to 3 based on

the presence and extensiveness of perivascular and intra-alveolar

oedema. The right lower lobe was dried in a dehumidifying stove at

37�C for 7 days and a lung wet/dry weight ratio was calculated.

In order to quantify the myocardial infarct size, the heart was

excised and perfused with Evans blue dye. Hearts were frozen, cut

transversely into 2-mm slices and counterstained with triphenyltetra-

zolium chloride. Slices were fixed in 4% formalin and scanned. The

percentage of infarcted myocardium was calculated using image anal-

ysis software (ImageJ 1.50i, National Institutes of Health, USA) [20].

Sample size calculation

The sample size for the complete multi-armed randomized controlled trial

was calculated based on the expected effects of SDP and Ringer’s lactate

[14]. We calculated a sample size of nine animals in each group would

have 80% power to detect a difference in means of ΔLVEDP

4.15 mmHg. Assuming that the common standard deviation is 2.8 using a

two-group t-test with a 0.05 two-sided significance level, one animal was

added (±10%) to each group to account for post-randomization mortality.

Statistical analysis

Animals that died or could not maintain a MAP >65 mmHg before the

transfusion intervention were excluded prior to randomization and

replaced. If animals dropped out after the measurement 30 min after

the start of transfusion, all haemodynamic data from these animals were

included for analysis. Secondary pulmonary outcomes were analysed

from animals that completed the whole experiment. Non-parametric

tests were used for all analyses because of non-normally distributed

data and small group sizes (n = 10). The Kruskal–Wallis test was used

when comparing three groups and the Mann–Whitney U test was used

for two-group comparisons. The Friedman test was used to test differ-

ences between timepoints within groups. All results are presented in

medians and interquartile ranges. A two-sided p-value <0.05 was con-

sidered as statistically significant. Data were analysed using R (Rstudio,

4.0.3) and figures were created using GraphPad Prism (v9.1.0).

RESULTS

Total fluid input was reduced in the LP-VR group

All baseline characteristics prior to randomization were similar

between groups (Table 1). Ten animals were randomized and success-

fully transfused in each group. The LP-S and LP-VR group both con-

tained one animal that died after randomization. Isovolemic dilution

was successful in all groups with an overall median haematocrit of

31% (30, 32) directly after dilution. At the end of the experiment, the

total fluid input was significantly lower in the LP-VR group (7.8 ml

[7.3, 8.5]) compared to the groups receiving LP-S or SDP (9.9 ml [9.4,

10.7] and 9.5 ml [9.2, 9.8], respectively, p < 0.001) due to the reduced

transfusion volume.
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Transfusion with LP-VR did not decrease ΔLVEDP

LVEDP did not differ between groups pre-transfusion (median

5.1 mmHg [3.4, 6.6]) and increased significantly in all groups during

transfusion with a maximum at the end of the transfusion, p < 0.001,

p = 0.002 and p < 0.001 in groups receiving LP-S, LP-VR or SDP,

respectively (transfusion of LP-VR ending after 15 min vs. 30 min in

the SDP and LP-S groups). Post-transfusion LVEDP did not differ sig-

nificantly between groups when all groups were compared (p = 0.47,

Figure 1). ΔLVEDP was similar after 4 units of LP-S or SDP transfu-

sion, 6.3 mmHg (2.9, 13.4) and 7.7 mmHg (4.5, 10.5), respectively

(p = 0.60). There was a larger increase in ΔLVEDP after two units of

LP-VR transfusion, 11.9 mmHg (5.9, 15.6). However, this was not sig-

nificantly different from either the LP-S or the SDP group (p = 0.29 or

0.55, respectively). (Figure 2).

Post-transfusion haemodynamics were not
significantly different between groups

Baseline haemodynamic variables did not differ between groups

(Table 2). During transfusion, MAP increased significantly within all

groups (p = 0.002, p = 0.002 and p < 0.001 in groups receiving LP-S,

T AB L E 1 Pre-randomization descriptive characteristics

Characteristics LP-S, n = 10 (median, IQR) LP-VR, n = 10 (median, IQR) SDP, n = 10 (median, IQR)

Weight (g) 373 (362, 387) 355 (343, 365) 357 (331, 382)

Vent duration pre-transfusion (h) 2 h 05 min (1 h 45 min, 2 h 14 min) 1 h 50 min (1h 45 min, 1 h 59 min) 1 h 50 min (1 h 45 min, 1 h 59 min)

Fluid input pre-transfusion (ml)a 3.1 (3.0, 3.9) 3.0 (2.8, 3.7) 3.2 (2.9, 3.5)

Cardiac infarct size (%) 21 (18, 23) 22 (19, 24) 20 (19, 22)

pH 7.35 (7.33, 7.38) 7.37 (7.35, 7.39) 7.39 (7.35, 7.41)

Lactate (mmol/L) 3.2 (2.8, 3.8) 3.0 (2.6, 3.5) 2.7 (2.0, 3.1)

Hct (%) 36 (33, 39) 38 (36, 39) 36 (35, 39)

Abbreviations: Hct, haematocrit; IQR, interquartile range; LP-S, standard volume lyophilized plasma; LP-VR, volume-reduced lyophilized plasma; SDP,

solvent-detergent pooled plasma.
aFluid input was defined as all intravenously administrated fluids, but did not include volume used to achieve isovolemic anaemia, which was only used as

volume replacement.

F I GU R E 1 Left ventricular end-diastolic pressure (LVEDP) during transfusion. LVEDP values for all individual animals during transfusion
(dotted lines) and median values per group (bold lines). (a) Standard volume lyophilized plasma (n = 10), (b) volume-reduced lyophilized plasma

(n = 10) and (c) solvent-detergent pooled plasma (n = 10).

F I G U R E 2 Left ventricular end-diastolic pressure (ΔLVEDP).
Individual values for ΔLVEDP, boxplots display medians, interquartile
ranges and min/max values. Peri-transfusion ΔLVEDP values were
calculated as the post-transfusion LVEDP subtracted by the pre-
transfusion LVEDP. The post-transfusion measurement for the
standard volume lyophilized plasma (LP-S, n = 10) and solvent-
detergent pooled plasma (SDP, n = 10) group was 30 min after start
of transfusion, and for the volume-reduced lyophilized plasma (LP-VR,
n = 10) group, it was 15 min after start of transfusion.
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LP-VR or SDP, respectively). Heart rate increased significantly after

SDP (p < 0.001), but increases in groups receiving LP-S or LP-VR were

non-significant (p = 0.150 and 0.058, respectively). Hypertension and

tachycardia are cardiovascular symptoms in line with TACO’s diagnos-

tic criteria. There was no difference in either heart rate or MAP

between groups.

Reducing transfusion volume did not reduce
pulmonary oedema, histopathological pulmonary
injury or PaO2/FiO2 ratio

The median pulmonary wet/dry weight ratio was 4.52 (4.42, 4.56) in

the LP-S group, 4.52 (4.45, 4.80) in the LP-VR group and 4.59 (4.41,

4.75) in the SDP group (p = 0.685) (Figure 3). The median pathology

scores for pulmonary injury were 2.0 (2.0, 2.0), 1.0 (1.0, 2.0) and 1.0

(1.0, 1.75) for the group receiving LP-S, LP-VR and SDP, respectively

T AB L E 2 Peri-transfusion haemodynamics

Pre-transfusion LP-S, n = 10 (median, IQR) LP-VR, n = 10 (median, IQR) SDP, n = 10 (median, IQR)

Heart rate (bpm) 305 (280, 330) 280 (265, 317) 297 (277, 334)

MAP (mmHg) 75 (69, 87) 73 (69, 80) 77 (71, 81)

CVP (mmHg) 1.4 (0.8, 2.0) 1.4 (1.0, 2.0) 1.8 (1.2, 3.1)

LVEDP (mmHg) 5.3 (4.7, 6.2) 4.7 (3.5, 8.1) 5.1 (3.0, 6.7)

Cardiac output (ml/min) 17 (14, 24) 19 (15, 22) 20 (16, 30)

15 min after start of transfusion

Heart rate (bpm) 311 (280, 340) 285 (277, 302) 304 (290, 352)

MAP (mmHg) 105 (81, 118) 109 (95, 127) 121 (102, 133)

CVP (mmHg) NA 3.0 (2.5–4.0) NA

LVEDP (mmHg) 8.2 (6.3, 9.3) 17.8 (12.1, 19.0) 9.4 (4.6, 14.9)

Cardiac output (ml/min) 20 (16, 26) 24 (19, 30) 27 (23, 33)

30 min after start of transfusion

Heart rate (bpm) 333 (284, 339) 346 (311, 375)

MAP (mmHg) 132 (90, 142) 126 (112, 147)

CVP (mmHg) 1.5 (1.0, 2.4) 1.5 (1.1, 2.0)

LVEDP (mmHg) 10.4 (7.8, 18.8) 13.3 (9.5, 23.3)

Cardiac output (ml/min) 19 (16, 24) 25 (16, 31)

Abbreviations: bpm, beats per minute; CVP, central venous pressure; IQR, interquartile range; LP-S, standard volume lyophilized plasma; LP-VR, volume-

reduced lyophilized plasma; LVEDP, left ventricular end-diastolic pressure; MAP, mean arterial pressure; NA, not applicable; SDP, solvent-detergent pooled

plasma.

F I GU R E 3 Pulmonary wet/dry weight ratio. Individual values for
lung wet/dry weight ratio, boxplots display medians, interquartile
ranges and min/max values. LP-S, standard volume lyophilized plasma
(n = 9); LP-VR, volume-reduced lyophilized plasma (n = 9); SDP,
solvent-detergent pooled plasma (n = 10).

F I G U R E 4 PaO2/FiO2 ratio (P/F ratio). Individual values for
PaO2/FiO2 ratio during transfusion and follow-up; black lines display
medians and interquartile ranges. LP-S, standard volume lyophilized
plasma (n = 9); LP-VR, volume-reduced lyophilized plasma (n = 9);
SDP, solvent-detergent pooled plasma (n = 10).
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(p = 0.072). PaO2/FiO2 ratios for the baseline, pre-transfusion, post-

transfusion and 1-h follow-up did not differ between groups. They are

displayed in Figure 4. At termination, the PaO2/FiO2 ratio was

400 mmHg (390, 440) in the LP-S group, 453 mmHg (424, 473) in the

LP-VR group and 383 mmHg (375, 417) in the SDP group (p = 0.155).

DISCUSSION

Volume overload is seen as a central pathway in the development of

TACO; therefore, we hypothesized that concentrated volume-reduced

lyophilized plasma would reduce pulmonary capillary pressure and

could help preventing TACO. However, our results do not show a

reduction in pulmonary capillary pressure after transfusion with LP-

VR compared to regular volume plasma products like LP-S or SDP.

Also, there was no effect from volume-reduced plasma on pulmonary

injury.

Previously, our group developed a two-hit animal model to study

the underlying pathophysiology of TACO [17]. In the present experi-

ment, this model was used to study the effect of a volume-reduced

plasma product on the development of TACO. Our model was exe-

cuted successfully as hydrostatic pulmonary capillary pressure

(ΔLVEDP) was previously shown to increase significantly in the trans-

fusion groups compared to crystalloid fluids [14]. Also, ΔLVEDP was

greater than 4 mmHg in all groups receiving plasma products, which

was the predefined threshold for clinical relevance [15]. Most impor-

tantly, the volume reduction of the LP-VR product led to a signifi-

cantly reduced total fluid input in that group. There were no

significant differences found between groups receiving LP-S or SDP,

indicating that the lyophilized plasma product by itself does not affect

TACO development in this animal model.

Interestingly, no differences were found in pulmonary capillary

pressure between the three different transfusion products. Although

the LP-VR group had a significantly lower volume administered com-

pared to the other groups, this did not lead to a decrease in ΔLVEDP.

These results suggest that TACO is more complex than originally

thought and that volume overload alone is not the most important

factor in rising pulmonary capillary pressure after plasma transfusion

in this model. LP-VR is hyperoncotic and therefore able to increase

the intravascular colloid osmotic pressure, preventing extravasation of

fluids and possibly recruiting volume from the extravascular compart-

ment [21, 22]. While volume recruitment was not an unexpected

effect of hyperoncotic LP-VR, the equivalent increase in pulmonary

capillary pressure following a low-volume product was. Previous

in vitro experiments suggested a minimal volume recruitment, how-

ever, previous animal experiments support the observation that col-

loid osmotic pressure might be involved in rising pulmonary capillary

pressure [14, 21]. However, it is unlikely that colloid osmotic pres-

sure alone is responsible for the development of TACO, since we

have shown previously a rise in pulmonary capillary pressure after

transfusion of red blood cell products and these have a low colloid

osmotic pressure [17, 21]. In these cell-containing products, storage

lesion could lead to NO scavenging substances, which causes vaso-

constriction and rising pulmonary capillary pressure [23]. Other

mechanisms that might be involved in TACO development are

inflammation and damage of the glycocalyx as a result of the trans-

fusion, however, this needs to be investigated further [6, 7, 24].

Important criteria for TACO are either respiratory compromise or

pulmonary oedema [1]. In the present study, we did not find signifi-

cant differences between groups in any of the markers for acute lung

injury, that we measured. An observation that was also seen in previ-

ous experiments with this model, where there was no significant

increase of pulmonary injury after transfusion [14, 17]. Because there

is no additional pulmonary injury, LP-VR cannot reduce it. This

absence of transfusion-related pulmonary injury could possibly be

explained by the fact that LVEDP does not increase enough to start

extravasation of fluids and cause hydrostatic pulmonary oedema. A

study in dogs showed that a minimum left atrial pressure of 24 mmHg

was required to develop pulmonary oedema [25]. This threshold

decreased when the plasma protein concentration was reduced. How-

ever, in our experiment we administered plasma proteins, and in the

LP-VR group, this was a concentrated hyperoncotic plasma product.

This could have possibly raised the pressure threshold for fluid extrav-

asation and prevented pulmonary oedema formation in the LP-VR

group, despite a higher LVEDP.

There were some limitations to this study. First, this experiment

was part of a multi-armed randomized controlled trial and was not

specifically powered to review the effects of low-volume lyophilized

plasma. However, since results show a trend towards a harmful effect

from the volume-reduced plasma product on pulmonary capillary

pressure, it seems highly unlikely that a beneficial effect would have

been found in a larger sample size. Second, this experiment was per-

formed with animals that were young and healthy aside from an

induced acute myocardial infarction. This situation is not completely

translatable from the clinical situation, where TACO patients are more

often older with different comorbidities, like renal failure or other

chronic cardiovascular problems [3, 5, 9]. Moreover, the fact that

these animals did not have an impaired kidney function could contrib-

ute to their ability to process fluids and reduce the benefits of a low-

volume transfusion product. Also, we transfused human plasma prod-

ucts in rats. This had the advantage that we could study different

plasma products that are not available from rat donors like SDP. On

the other hand, the use of cross species blood products could lead to

a less translatable model. However, human plasma products have

been successfully transfused in animal experiments using rats or

mice in several other studies [26, 27]. Lastly, as mentioned before,

this experimental model lacks pulmonary oedema or respiratory dis-

tress, which is the primary clinical symptom of TACO. This was also

seen in previous experiments with red blood cells and other plasma

products [14, 17]. The model is very suitable for researching

changes in pulmonary capillary pressure after transfusion, but the

absence of lung injury and oedema limits the possibility to research

pathways leading to TACO-like inflammation or storage lesion of

blood products [23, 24, 28].

190 BULLE ET AL.

 14230410, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13395 by C

ornell U
niversity E

-R
esources &

 Serials D
epartm

ent, W
iley O

nline L
ibrary on [23/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Our study showed no effect on pulmonary capillary pressure

from a volume-reduced lyophilized plasma product. We could not

research the effect on pulmonary oedema, due to an absence of pul-

monary oedema caused by plasma transfusion. Future studies should

focus on examining the effect of volume-reduced plasma in a model

with pulmonary oedema but should also explore other possible pre-

ventative strategies for TACO after plasma transfusion. For example,

alternative products for plasma transfusion like prothrombin com-

plex concentrates have been shown to be superior to plasma to

restore coagulation [29]. This product and other alternative products

could be tested to review their effect on pulmonary capillary pres-

sure and their capability to be an effective preventative strategy

for TACO. In conclusion, we wanted to investigate if volume-

reduced lyophilized plasma could reduce volume overload and atten-

uate TACO. In this randomized experimental study in a two-hit rat

model, pulmonary capillary pressure increased in all groups during

transfusion. A hyperoncotic volume-reduced lyophilized plasma

product did not have a beneficial effect but resulted in a trend of

larger increase in pulmonary capillary pressure. These data suggest

that a volume-reduced plasma product did not attenuate pulmonary

capillary pressure required to develop circulatory overload and was

therefore not an effective preventative strategy for TACO in this

animal model. More research is required to obtain insights into the

TACO pathophysiology, in order to identify targetable pathways for

preventing TACO.
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Abstract

Background and Objectives: Blood transfusions are often needlessly aborted

following a non-severe allergic reaction despite responding well to medication result-

ing into partial transfusion of the implicated blood product. This results in the

wastage of untransfused blood component and resources spent on unnecessary

laboratory work-up of these reactions.

Materials and Methods: We aimed to review the amount of blood product and labo-

ratory resource wastage associated with non-severe allergic transfusion reaction

(ATR) in a tertiary care hospital.

Results: A total of 174,632 blood products were released and transfused during the

study period (2019–2021). There were 336 adverse transfusion reactions with an esti-

mated rate of 1.9 per 1000 blood products administered. Of 336, 145 (43%) were ATR,

of which 141 (97%) were non-severe and 4 (3%) were severe. The most commonly asso-

ciated symptom was found to be urticaria in 31 (22%). All non-severe ATR completely

resolved with medication. Seventy-nine percent of the transfusions associated with non-

severe ATRs were aborted, of which 37% were followed by additional transfusions. The

estimated loss of blood product volume and the cost of non-severe ATR (including trans-

fusion reaction work-up, discarded blood product and additional transfusion) was

11,185 ml (11 L) and Pakistani rupees 1,831,546 ($11,592.06 or €8598.78), respectively.
Conclusion: Non-severe ATR was found to be associated with a significant propor-

tion of laboratory resource wastage and that of blood product in our institution.

Revision of institutional guidelines for management and lab work-up of transfusion

reactions would be helpful in alleviating this unnecessary loss in a resource-

constraint transfusion-setting.

Keywords
allergic, audit, blood wastage, transfusion reaction

Highlights
• Non-severe allergic transfusion reactions (ATRs) are common and often lead to unnecessary

complete termination of transfusion despite the patient responding well to medication.

• In a retrospective study, we found that non-severe ATRs led to partial transfusions, with a

total loss of 11-L untransfused blood volume and a significant amount of time and cost spent

on unnecessary extensive evaluation of these reactions.

• Regular audits, training of staff and revision of policies can alleviate blood product wastage

and laboratory resources.
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INTRODUCTION

Blood product utilization is expensive for hospitals and for

patients in private settings. It not only includes the cost of the

blood bag but also incorporates the indirect overhead cost of

equipment and direct overhead cost of laboratory testing, includ-

ing the transfusion scientists and nursing staff required for safe

preparation and transfusion of blood product [1]. Therefore,

every possible effort should be made to keep blood product

wastage to a minimum.

The most common reasons of blood product wastage include

improper storage and transport, or products being dispensed but

not administered [2, 3]. But the amount of blood components

wasted due to transfusion reactions are not well-characterized and

not widely studied [4]. Transfusion reactions can vary from being

mild to severe life-threatening and in most cases necessitates stop-

ping the transfusion followed by ultimate discard of the implicated

blood product [5].

Non-severe allergic transfusion reactions (ATRs), defined as aller-

gic reaction without anaphylaxis or cardiopulmonary compromise are

commonly encountered with platelets and plasma transfusion with a

reported frequency of 2% and less commonly with red cell with a fre-

quency of 0.1%–0.5% [6–8].

The true prevalence is however not known as these are likely to

be under-reported due to their presentation with mild symptoms [9].

ATRs are immunoglobulin-E-mediated hypersensitivity reactions

caused by either transfusion recipient’s antibody reacting against

donor plasma proteins or due to passive transfer of antibody to recipi-

ent with subsequent allergen exposure [7].

In most cases, it presents with cutaneous symptoms like

rash, urticaria or pruritus and often respond well to anti-allergic

medication, which is used as a first-line treatment either with or

without steroids [10]. Therefore, resumption of transfusion

under direct supervision is a standard practice in non-severe

ATR [6]. Resuming and completing transfusion after treatment-

responsive non-severe ATR not only prevents unnecessary wast-

age of the blood product and expense but also prevents

additional transfusions, donor exposure and risk of alloimmuniza-

tion [6]. Despite various published guidelines on the manage-

ment of ATR, a recent study by Kasim et al. reported high rate

of incomplete transfusions and discard rate with non-severe ATR

costing the institute an annual loss of $16,500–20,125 for ATR

work-up alone [11].

In 2013, a study conducted at our institute on non-infectious

complications of transfusion over a period of seven years, reported

458 adverse events with an estimated rate of 1.16 per 1000 blood

products, of which non-severe ATR accounted for 57.8% followed by

febrile non-haemolytic transfusion reactions (FNHTR) (35.5%) [12].

Since the reported frequency of non-severe ATR was reported to

be high in our institution, we aimed to assess how many of such reac-

tions resulted in termination of transfusions leading to wastage of

blood product and loss of laboratory resources in the evaluation of

these reactions.

MATERIALS AND METHODS

Setting and study design

The study was conducted at the Aga Khan University Hospital,

Pakistan, which is a 700-bed academic medical centre with the facili-

ties for trauma, surgery, haematopoietic stem cell transplant and a

day-care unit where blood transfusion is given to patients with cancer,

haemoglobinopathy and other disorders. The blood units are dis-

pensed only after serological and nucleic acid amplification testing for

common transfusion-transmissible infections. The blood products are

non-leucoreduced due to cost constraints. However, bedside filters

are used for leucoreduction when required.

All blood product requisitions are made through computerized

physician order entry. All transfusion reactions are reported to blood

bank on a standardized transfusion reaction form. Once reported, the

blood bank staff does a complete work-up including clerical check, a

visual check for haemolysis, repeat ABO group and compatibility test-

ing on pre- and post-donation samples, a direct antiglobulin test, com-

plete blood count with peripheral blood smear, urine analysis for

haemoglobinuria and microbiological culture of the returned bag

where indicated. Additional testing depends on the type of reaction

suspected. The transfusion reaction is then reviewed and analysed by

the haematologist and recommendations for future transfusions are

made and documented in the patient’s medical record to be reviewed

by the primary doctor.

All transfusion reactions are managed under direct supervision of

a trained doctor, once the blood recipient complaints of any symp-

toms, the transfusion is immediately stopped, followed by patient

identity, vital signs and clerical check. If the sign and symptoms are

suggestive of a non-severe ATR, it is treated first with antihistamines

either with or without steroids followed by re-initiation of transfusion

at a slow-infusion rate and the patient is monitored more frequently

until the transfusion is completed.

Data collection and analysis

The data of transfusion reactions were retrieved from archived

records between January 2019 and December 2021. The data

extracted from each transfusion reaction included: patients’ character-

istics, type of blood product transfused, irradiated versus non-

irradiated blood products, type of transfusion reaction, the severity of

allergic reaction (without anaphylaxis or cardiopulmonary compro-

mise), symptoms, the volume transfused or discarded and whether the

transfusion was partial (partially transfused) or complete (entire unit

completely transfused), medications used to treat symptoms; and

finally whether or not the symptoms resolved with treatment.

All transfusion reactions were classified using Association for the

Advancement of Blood & Biotherapies criteria [13]. Additionally,

transfusion reaction was termed as ‘Not categorized’ when the sign

or symptoms were relatable to transfusion but cannot be further clas-

sified due to either incomplete or missing clinical details or incomplete
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radiological and laboratory work-up. The term ‘Unrelated to transfu-

sion’ was used when the reported sign or symptoms were present

prior to the initiation of transfusion at some stage during admission

and could be explained by patient’s underlying illness rather than

strictly related to transfusion.

In this study, to assess the validity of physician’s judgement to

abort transfusion due to an ATR, we also applied Centers for Disease

Control and Prevention grading and attribution criteria for non-severe

ATR and divided it further into ‘probable’ if the patient experienced

just one symptom and ‘definitive’ in case of at least two or more

symptoms [14].

Finally, to estimate the loss of laboratory resources associated

with non-severe ATR, we calculated the expenditure done on evalua-

tion and analysis of these reactions. In our institution, a complete

transfusion work-up, which includes laboratory testing, technologist’s

time and haematologist’s professional fees for interpretation, can

cost up to an amount of Pakistani rupees (PKR) 8000–10,000

($50.63–63.29 or €37.56–46.95). We also estimated the cost of

wasted blood product as well as the cost of any additional blood

transfusions that occurred within 48 h of the first incomplete transfu-

sion due to non-severe ATR.

The results were expressed as mean ± SD for quantitative vari-

ables and qualitative variables are presented as frequency and per-

centages. Data were analysed using Statistical Package for the Social

Sciences, version 21.

Ethical clearance

The study was reviewed and approved by institutional ethical review

committee (ERC # 2022-7833-22202).

RESULTS

A total of 174,632 (58,211 annual) blood products were released and

transfused over a period of three years, which included n = 66,740

packed red blood cell (PRBC) units, n = 63,014 platelets units (whole

blood derived and apheresis), n = 26,941 plasma units and n = 8707

cryoprecipitate units.

A total of 336 transfusion reactions were reported with an esti-

mated rate of 1.9 per 1000 blood product. Of 336, 145 (43%) were

ATR followed by FNHTR in 124 (38%), transfusion-associated circula-

tory overload in 6 (2%), hypotensive in 4 (1%), transfusion-associated

dyspnoea in 2 (0.6%), transfusion-associated acute lung injury in

1 (0.3%) and haemolytic reaction in 1 (0.3%) transfusion. Thirty-five

(10%) transfusion reactions were ‘not categorized’ while 15 (5%) were

found to be ‘unrelated to transfusion’.
Of 145 ATRs, 141 (97%) were found to be non-severe in

136 unique patients and 4 (3%) were severe anaphylactic. The symp-

toms of non-severe ATR included urticaria in 31 (22%), maculopapular

rash in 10 (7%), pruritus in 28 (20%), generalized flushing in 6 (4%) and

a combination of more than one of these symptoms in 66 (47%)

patients hence accounting for a total of 47% of ‘definitive’ non-

severe ATR.

Table 1 shows patients’ characteristics and indication of transfu-

sions for patients who experienced non-severe ATR.

Seventy-five percent (106) of non-severe allergic reactions were

associated with PRBC followed by irradiated PRBC and platelets

(Table 1).

The details on the volume of blood product transfused and dis-

carded were not documented with 17 ATR, therefore, analysis of

blood product wastage was done on 126 non-severe ATRs, which

showed that 79% (n = 99) of transfusions were terminated in

97 unique patients before completion resulting in ‘partial transfu-
sions’ and wastage of blood products while, the rest of the 21%

(n = 27) had ‘completed transfusion’.
In 99 partial transfusions, the total volume of all products dis-

carded and wasted was 11,185 ml (11 L) (mean 113 ± 62.5 ml), which

makes a loss of up to 3.7 L annually, with an estimated cost of PKR

T AB L E 1 Patients’ characteristics having non-severe allergic
reaction

Mean age (years) 32.6 ± 21.6

Male/female (n) 62/81

Blood group, n (%)

A 38 (27)

B 45 (33)

O 44 (31)

AB 14 (10)

Indications, n (%) Total, n = 134

Anaemia 49 (37)

Cancer related 44 (33)

Bleeding 19 (14)

Thrombocytopenia 7 (5)

Trauma 6 (4)

Haemoglobinopathy 6 (4)

Coagulopathy 3 (2)

Implicated blood product, n (%)

PRBC 106 (75)

Irradiated PRBC 14 (10)

Platelets 9 (6)

Plasma 7 (5)

Irradiated platelets 4 (3)

Cryoprecipitate 1 (1)

Treatment, n (%) Total, n = 126

Antihistamines 38 (30)

Antihistamines + corticosteroids 34 (27)

Acetaminophen + corticosteroids 33 (26)

Corticosteroids 11 (9)

Acetaminophen + corticosteroids + antihistamines 7 (6)

Acetaminophen 3 (2)

Abbreviations: PRBC, packed red blood cell.
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371,656 ($2352.25 or €1744.86), based on institutional negotiated

rates of blood products that were used to determine the cost per

millilitre of each blood component. The wastage of blood volume

according to type of blood product is shown in Table 2.

Information on whether patients received bedside leucodepletion

was not provided with any of the reported transfusion reactions.

The details of treatment given were found for 126 non-severe

ATRs. Majority of the patients (n = 38) received antihistamines as a

single agent therapy, followed by patients who received a combina-

tion of antihistamines, acetaminophen, and corticosteroids (Table 1).

All non-severe ATRs (100%) responded and settled with the medica-

tion given.

As per institutional protocol, a complete work-up was performed

on all reported transfusion reactions. Therefore, for a total of

141 non-severe ATR work-ups, an approximate amount (adjusted for

inflation) of PKR 966,150 ($6114.87 or €4535.92) was spent.

Of 99 partial transfusions, 37 (37%) resulted in additional transfu-

sion of 80 blood products (44 red cell, 21 plasma and 15 random

platelet units) within 48 h. The cost calculated for these additional

components were PKR 493,740 ($3124.94 or €2318).
Hence, the total computed cost of non-severe ATR including the

entire process (of transfusion reaction work-up, discarded blood prod-

uct and additional transfusion) was PKR 1,831,546 ($11,592.06 or

€8598.78).

DISCUSSION

Blood and blood components constitute a vital resource for any health-

care facility. The maintenance of un-interrupted supply and optimal

inventory of the blood products always remained challenging for trans-

fusion services. Moreover, coronavirus disease 2019 (COVID-19)

pandemic has adversely affected donor recruitment due to pandemic-

mediated lockdown and severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) infection in otherwise healthy potential donors

[15–17]. Therefore, it is important to practice blood transfusion judi-

ciously and avoid unwanted wastage of the blood products.

To date, few studies have highlighted and reported the impact of

ATR on the wastage of blood products and lab resources [10, 11]. All

transfusion reactions warrant pausing the transfusion, assessment of

sign and symptoms and patient’s identity check followed by either

resumption or discard of remaining blood product in the bag

depending on the severity of reaction and response to treatment.

Non-severe ATR falls into one such category of transfusion reaction

that presents with mild cutaneous symptoms and mostly responds

well to medication, where it is reasonable to hold the transfusion

briefly until the symptoms subside followed by completion of transfu-

sion [6, 13].

We analysed non-severe ATRs at a large academic tertiary care

hospital to gain an insight into its association with wastage of blood

products and resources spent on work-up for these reactions. Addi-

tionally, we anticipated to identify areas of improvement for effective

blood utilization and hence to reduce the wastage of valuable transfu-

sion services related to ATRs.

In this study, we found that non-severe ATR was the most

reported transfusion reaction in our institute and hence the most

worked-up transfusion reaction. Additionally, 79% of transfusions

associated with non-severe ATR were terminated and resulted in par-

tial transfusion despite responding well to the treatment resulting in

wastage of significant volume which otherwise would have been

transfused to achieve the desired effect. Although the time it took for

resolution of symptoms was not documented with any reported trans-

fusion reaction, we assumed that this significant proportion of partial

transfusions might have resulted from exceeding the 4-h limit for the

completion of a blood product. Also, the high rate (53%) of ‘probable’
non-severe ATRs indicated that clinical staff are too sensitive and

well-cognizant of transfusion reactions, but they might lack the under-

standing regarding the preferable option of pausing the transfusion,

treating the patient and resuming transfusion on resolution of symp-

toms. This was also reflected by the low rate of complete transfusions

that occurred in just 21%. Hence, the clinical staffs’ knowledge,

understanding and management of transfusion reaction was identified

as an important aspect that needs improvement by regular education

sessions.

A study conducted by Adkins et al. over a period of one year on

symptomatology and wastage related to mild allergic reactions

revealed similar findings. Mild cutaneous symptom (urticaria, 54.7%)

was the most common, and the rate of partial transfusion (63.9%) and

total volume wastage (6892.3 ml at a cost of $12,507.96) was high,

which also explains the high frequency (55%) of repeat transfusions in

their study [10]. Also in our study, out of 99 partial transfusions, 37%

resulted in additional transfusions. However, we could not exclude

the other possible clinical indications that could have also led to these

repeat transfusions like haemoglobinopathies, persistent bleeding etc.

Another study by Kasim et al. [11] also found majority of the

allergic reactions as non-severe (75%) presenting with urticaria as the

most common symptom, resulting in termination and partial transfu-

sion in 61% with an annual loss of about 2.9 L annually, which is com-

parable to what we have observed at our institution.

All non-severe ATRs in our study presented with cutaneous

symptoms and responded well to anti-allergic medication, some also

required combination treatment with steroids and acetaminophen.

This rate of response to medication is in consensus with that pub-

lished by Adkins et al. and Kasim et al. where they have observed

100% and 96% improvement in symptoms, respectively [10, 11]. This

T AB L E 2 Wastage of blood volume according to the type of
blood product associated with non-severe allergic transfusion
reaction

Type of blood product

Total amount wasted,

in millilitre, (mean ± SD)

Packed red cells 9135 (119 ± 62)

Platelet 205 (34 ± 8)

Plasma 525 (87.5 ± 41)

Irradiated packed red cells 1320 (132 ± 60.8)
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again consolidates the fact that transfusion does not always need to

be completely aborted for such reactions. Additionally, for patients

who experience recurrent ATR, pre-medication or plasma reduction of

red cells and platelets might be helpful for making the transfusion un-

interrupted and uneventful [18].

ATRs are widely reported to be associated with plasma and plate-

lets, but in this study ATRs were higher with red cells. Although the

number of plasma and platelets released and transfused were more

than that of red cells, it was assumed that the ‘number of patients’
who received red blood cell transfusions were approximately two

times more than patients who received platelets or plasma, as was

observed by the number of requests received for different blood

products during the study period. Secondly, predisposition to ATR

depends on both recipient and donor factors, which might explain that

in this study it is the patients/recipients who received red cells were

more prone to develop ATR [19, 20]. The history of prior ATR also

increases the chance of recurrence irrespective of the type of blood

product, since we did not have the patients’ historical data on previ-

ous transfusion reactions, this could not be further consolidated.

There are various aspects of lab resources that constitutes the cost

required to maintain and deliver the safe transfusion, and mostly

includes the cost of lab equipment for collection and preparation

of blood component, reagents, serological testing and so forth.

Recently, the cost of unnecessary transfusion reactions work-up was

highlighted by Kasim et al. [11] where the estimated annual cost of

$16,500–20,125 was found to be spent on unnecessary lab work-up

for non-severe ATR. We also found an additional unexpected and

unnecessary cost of $6114.87 (€4535.92) for ATRs work-up. For low-

and middle-income countries with limited resources of budget, consum-

ables, donors and donor attendants, this is much more important to

consider and evaluate this hidden cost associated with unnecessary lab

work-up for transfusions reactions.

Apart from logistics, human resource including qualified and com-

petent blood technical staff is critical for any transfusion services [21,

22]. A review by Chaffe et al. mentioned that about 53% of the blood

bank is short of staff and this has been identified as a challenging situ-

ation to provide quality services with minimum error rate [23]. Need-

less to say, the situation at our blood bank is not any different. The

unnecessary lab testing puts additional burden on the already under-

staffed transfusion services. Another pertinent aspect is the cost of

staff hiring, which in many instances is the second greatest cost for

any transfusion services, following the blood products themselves.

While analysing the results we also noticed that about 5% of the

transfusion reactions were classified as ‘Unrelated to transfusion’ and
hence identified as an additional and potential cause for incomplete

transfusions and unnecessary lab testing, emphasizing the need for

updating the clinical staff’s knowledge of identifying and management

of transfusion reactions. At present, when a transfusion reaction is

reported at our institution, the technical staff performs a complete lab

work-up for each reaction, before being reviewed by a haematologist.

To minimize wastage of both blood products and laboratory technolo-

gists’ time, we have planned to revise our workflow and criteria for

transfusion reaction work-up. According to the revised protocol,

the haematology resident or consultant will be notified first of any

transfusion reaction, who will then review and suggest technologist

the lab work-up that needs to be performed and excludes the serolog-

ical tests (like direct antiglobulin test, red cell antibody screening and

cross match) when cutaneous symptoms are not accompanied by

fever, pain or cardiopulmonary symptoms. Secondly, teaching sessions

of nurses/physicians will be arranged on regular intervals to update

the knowledge about identification and management of transfusion

reactions. It will also be reinforced through institutional blood transfu-

sion policy that in case of mild allergic reactions with urticaria as the

only symptom, transfusion with same blood unit can be re-challenged

after giving antihistamine and resolution of symptom. Finally, we will

present our findings and improvement strategies to hospital’s blood

utilization committee that will help us to implement the proposed

strategy.

This is one of the most comprehensive studies on detailed cost

analysis of wastage of transfusion service resources due to non-

severe ATRs. However, there were few limitations with respect to the

cost of medication for treating ATRs and extended hospital stay or

repeated day-care admissions due to additional transfusions which

were not included. So, the actual financial loss to both the transfusion

service and patients might have been much more than that presented

here. Also, the analysis in this study was done on transfusion reactions

that were documented and reported and might not represent the

actual number of reactions due to under reporting.

In conclusion, this study provides information about significant

loss of blood product and cost attached with non-severe ATR work-

up from a resource limited country.

We are now in the process of updating our protocol for transfu-

sion reaction work-up and educational sessions on proper manage-

ment of transfusion reaction to minimize the wastage. It will also be

incorporated as a separate quality indicator and will be shared with all

stakeholders regularly in the quarterly-held institutional blood utiliza-

tion committee.
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Abstract

Background and Objectives: Transfusion-associated circulatory overload (TACO) and

transfusion-related acute lung injury (TRALI) are serious adverse transfusion reac-

tions. Standardized surveillance definitions are important to ensure consistent

reporting of cases. Recently, revised definitions have been developed for TACO and

TRALI, the latter of which has not yet been widely implemented. This study aimed to

assess the impact of the new TACO and TRALI definitions on haemovigilance

reporting.

Materials and Methods: The Australian Red Cross Lifeblood Adverse Transfusion

Reaction database was accessed to identify all cases of suspected or confirmed

TACO and TRALI referred from 1 July 2015 to 30 June 2019. Cases were assessed

against both the former and new definitions and the results were compared.

Results: A total of 73 cases were assessed. There were 48 TACO cases identified.

Only 26 of 48 cases strictly met the former 2011 International Society of Blood

Transfusion (ISBT) definition of TACO; 6 cases did not meet the definition and

16 cases lacked sufficient clinical details. In comparison, 46 cases met the revised

2018 ISBT definition, with only 2 cases having insufficient details. There were

24 cases of TRALI according to the existing 2004 Canadian Consensus Conference

(CCC) definition compared with 25 cases according to the proposed 2019 revised

definition.

Conclusion: The revised TACO definition captured more cases than the former defi-

nition. No significant differences were observed in the number of TRALI cases under

the proposed new definition. This is the first study to provide validation data for the

revised TRALI definition.

Keywords
haemovigilance, surveillance definition, TACO, TRALI

Highlights
• The 2018 International Society of Blood Transfusion (ISBT)/International Haemovigilance

Network (IHN)/Association for the Advancement of Blood & Biotherapies (AABB) definition

of transfusion-associated circulatory overload captures more cases than the former 2011

ISBT/IHN definition.
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• There appears to be no significant difference in the number of transfusion-related acute lung

injury (TRALI) cases under the proposed 2019 redefinition compared with the 2004 Cana-

dian Consensus Conference definition currently in use.

• This is the first study to provide validation data for the proposed revised TRALI definition.

INTRODUCTION

Transfusion-associated circulatory overload (TACO) and transfusion-

related acute lung injury (TRALI) are serious adverse transfusion reactions

(ATRs) [1]. The most widely accepted definitions have been the 2011

International Society of Blood Transfusion (ISBT) and International

Haemovigilance Network (IHN) TACO definition [2] and the 2004

Canadian Consensus Conference (CCC) TRALI definition [3] (Table 1).

There is a continuous effort to improve and refine these definitions.

Recently, the ISBT, in collaboration with the IHN and the Association for

the Advancement of Blood & Biotherapies (AABB; formerly the American

Association of Blood Banks), provided an updated definition of TACO [4]

(Table 1). Similarly, a revised definition for TRALI was proposed by a con-

sensus panel in 2019 [5] (Table 1).

TACO is the most common respiratory adverse event associated

with transfusions and is the leading cause of transfusion-related mor-

tality according to both the UK Serious Hazards of Transfusion

(SHOT) [6] and the US Federal Drug Administration (FDA) [7]. The

2011 ISBT/IHN criteria defined TACO as four or more of the follow-

ing occurring within 6 h of transfusion: (a) acute respiratory distress;

(b) tachycardia; (c) elevated blood pressure; (d) acute or worsening

pulmonary oedema of frontal chest radiograph and (e) evidence of

positive fluid balance [2]. Although the definition was widely used,

there were criticisms regarding its restrictive nature [8]. The new

2018 ISBT/IHN/AABB definition addressed these issues and has now

been validated and widely adopted [4, 9]. The main changes included

increasing onset time from 6 to 12 h, a broadening of supportive car-

diovascular signs and formal inclusion of biomarkers.

TRALI incidence is difficult to ascertain due to under-recognition

and under-reporting [8], with numbers ranging widely [10]. The

reported mortality ranges between 5% and 24% [11]. The 2004 CCC

definition defined TRALI as acute onset hypoxaemia and pulmonary

oedema occurring within 6 h of transfusion in patients without evi-

dence of left atrial hypertension and no pre-existing or alternative risk

factor for acute lung injury (ALI) [3]. Patients with an alternative ALI

risk factor were classified with possible TRALI [3]. An expert panel

convened in 2019 to propose a revised definition to encompass our

improved understanding of TRALI and align with the change in termi-

nology from ALI to acute respiratory distress syndrome (ARDS) [5,

12]. This proposed a new nomenclature of TRALI Type I and TRALI

Type II to replace TRALI and possible TRALI, respectively. Further-

more, patients with pre-existing ARDS but stable respiratory status in

the 12 h prior to transfusion could be diagnosed with TRALI Type II,

whereas they would have been excluded as having possible TRALI.

There were also some minor deviations in the list of ARDS risk factors.

Unlike the revised TACO definition, this new TRALI definition has not

yet been widely implemented. The IHN indicated the need to investi-

gate the suitability of the proposed changes for use in their haemovi-

gilance practice [13].

The pathogenesis of TRALI remains incompletely understood

[14]. The majority of TRALI cases (80%) are antibody-mediated (anti-

human leucocyte antigen [HLA] class I, anti-HLA class II and anti-

human neutrophil antigen [HNA]) [8, 15]. The remaining 20% of cases,

in which antibodies are not implicated, are likely caused by ‘biological
response modifiers’ that accumulate in blood components during stor-

age [8, 16]. Blood services have employed various risk mitigation

strategies, including leukodepletion, the use of male-only or nullipa-

rous female donors for high plasma volume products and the deferral

of donors who have been implicated in TRALI cases [11, 17]. Whilst

TRALI remains a clinical diagnosis, the laboratory identification of anti-

bodies assists in donor management decisions [18].

Australian Red Cross Lifeblood (‘Lifeblood’) is the national blood

service provider for Australia. National haemovigilance arrangements

require suspected TRALI cases to be reported to Lifeblood due to

potential donor implications. Lifeblood is responsible for assessing

TRALI cases, performing and interpreting laboratory investigations if

required, and ensuring appropriate management of associated donors.

The primary aim of this study was to assess the impact of new defini-

tional changes to TACO and TRALI by conducting a retrospective

review of cases of TACO and TRALI referred to Lifeblood. The sec-

ondary aim was to collate a TRALI case series and describe other

aspects of these cases such as associated products, antibody identifi-

cation and donor outcomes to improve our understanding of TRALI.

MATERIALS AND METHODS

The Australian Red Cross Lifeblood’s Human Ethics Committee

approved this study. The Lifeblood ATR database was accessed to

identify cases of TACO and TRALI reported to Lifeblood from 1 July

2015 to 30 June 2019. The following information was collected: reac-

tion date, patient age and gender, patient’s pre-existing medical condi-

tions, type of product implicated, the time of onset and clinical nature

of the reaction. Specific clinical features pertaining to TACO and

TRALI diagnostic criteria were collated, including absence/presence of

pre-existing ARDS or risk factors for ARDS, stability of ARDS if pre-

existing, nature and degree of respiratory distress, fluid status,

response to diuretics, cardiovascular status, radiological changes, car-

diac biomarkers and presence of left heart failure or elevated central

venous pressure.

Each case was assessed against both the former and revised

TACO or TRALI definitions. Potential outcomes included TACO,
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T AB L E 1 Comparison of former and revised transfusion-associated circulatory overload (TACO) and transfusion-associated acute lung injury
(TRALI) definitions

TACO definitions

2011 ISBT/IHN definition 2018 ISBT/IHN/AABB definition

TACO is characterized by any four of the following:

• Acute respiratory distress

• Tachycardia

• Increased blood pressure

• Acute or worsening pulmonary oedema

on frontal chest radiograph

• Evidence of positive fluid balance

occurring within 6 h of completion of transfusion

An elevated BNP is supportive of TACO.

Patients classified with TACO (surveillance diagnosis) should have acute or worsening

respiratory compromise and/or evidence of pulmonary oedema (A and/or B below) during

or up to 12 h after transfusion and presence of a total of 3 or more of the criteria

described below:

A. Acute or worsening respiratory compromise

B. Evidence of acute or worsening pulmonary oedema based on

� Clinical physical examination, and/or

� Radiographic chest imaging and/or other non-invasive assessment of cardiac function

C. Evidence for cardiovascular system changes not explained by the patient’s underlying
medical condition, including development of tachycardia, hypertension, widened pulse

pressure, jugular venous distension, enlarge cardiac silhouette and/or peripheral oedema

D. Evidence of fluid overload including any of the following: a positive fluid balance,

response to diuretic therapy and change in the patient’s weight in the peri-transfusion

period

E. Supportive result of a relevant biomarker (e.g., BNP or NT-pro BNP) above the age group-

specific reference range and greater than 1.5 times the pre-transfusion value

TRALI definitions

2004 CCC definition 2019 revised definition

TRALI

a. ALI

i. Acute onset

ii. Hypoxaemia

PaO2/FiO2 ≤ 300 mmHga

or SpO2 < 90% on room air

or other clinical evidence of hypoxaemia

iii. Bilateral infiltrates on frontal chest

radiograph

iv. No evidence of LAH (i.e., circulatory

overload)

b. No pre-existing ALI before transfusion

c. During or within 6 h of transfusion

d. No temporal relationship to an alternative risk

factor for ALI

TRALI Type I

Patients who have no risk factors for ARDS and meet the following criteria

a. ARDS

i. Acute onset

ii. Hypoxaemia

iii. PaO2/FiO2 ≤ 300 mmHga

iv. or SpO2 < 90% on room air

v. Clear evidence of bilateral pulmonary oedema on imaging (e.g., chest radiograph,

chest CT or ultrasound)

vi. No evidence of LAH, or if LAH is present, it is judged not to be the main contributor

to the hypoxaemia

b. Onset during or within 6 h of transfusion

c. No temporal relationship to an alternative risk factor for ARDS

Possible TRALI

a. ALI

b. No pre-existing ALI before transfusion

c. During or within 6 h of transfusion

d. A clear temporal relationship to an alternative risk

factor for ALI

TRALI Type II

Patients who have risk factors for ARDS or who have existing mild ARDS (PaO2/FiO2 of

200–300 mmHga), but whose respiratory status deteriorates and is judged to be due to

transfusion based on

a. Findings as described in categorizes a and b of TRALI Type I and

b. Stable respiratory status in the 12 h before transfusion

TRALI/TACO

Patients in whom TRALI cannot be distinguished from TACO or in whom both conditions

occur simultaneously

a. Clinical findings compatible with TRALI and with TACO and/or lack of data to establish

whether or not significant LAH is present

ALI risk factors

Direct

• Pneumonia

• Aspiration

• Toxic inhalation

• Lung contusion

• Near drowning

Indirect

• Severe sepsis

• Multiple trauma

• Acute pancreatitis

ARDS risk factors

Direct

• Pneumonia

• Aspiration of gastric contents

• Inhalational injury

• Pulmonary contusion

• Pulmonary vasculitis

Indirect

• Nonpulmonary sepsis

• Major trauma

• Pancreatitis

(Continues)
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TRALI or TRALI Type I, possible TRALI or TRALI Type II, TACO/TRALI,

an alternative ATR, or a non-transfusion-related event. Cases with

insufficient information available for accurate assessment were noted

as such. Cases that were challenging to classify underwent further

independent assessment by two transfusion medicine specialists for

final assignment.

For confirmed cases of TRALI, further information was collected,

including antibody investigation results, age of implicated products,

T AB L E 1 (Continued)

TRALI definitions

2004 CCC definition 2019 revised definition

• Burn injury

• Shock

• Drug overdose

• Cardiopulmonary bypass

• Severe burns

• Noncardiogenic shock

• Drug overdose

Abbreviations: AABB, American Association of Blood Banks; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; BNP, brain natriuretic

peptide; CCC, Canadian Consensus Conference; CT, computed tomography; IHN, International Haemovigilance Network; ISBT, International Society of

Blood Transfusion; LAH, left atrial hypertension; PaO2/FiO2, ratio of partial pressure of oxygen to fraction of inspired oxygen; SpO2, peripheral capillary

oxygen saturation.
aIf altitude is higher than 1000 m, a correction factor should be calculated as follows: [(PaO2/FiO2) � (barometric pressure/760)].

F I GU R E 1 Flow chart illustrating assessment process and comparison of transfusion-associated circulatory overload (TACO) and transfusion-
related acute lung injury (TRALI) cases based on the definitions used.
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associated donor demographics and donor outcomes. Statistical analy-

sis was performed using Fisher’s exact test. Significance was deter-

mined as p < 0.05.

RESULTS

Comparison of case definitions

Ninety-nine cases were identified in the database (Figure 1). Baseline

patient characteristics patients were extracted (Table 2). Twelve cases

were excluded from analysis due to insufficient clinical details. A fur-

ther 14 cases were deemed not to be related to transfusion. The final

number of cases assessed was 73.

There were 48 cases classified as TACO within the database.

Only 26 cases strictly met the 2011 ISBT/IHN definition. Sixteen

cases did not meet the criteria due to insufficient clinical details. Six

cases did not technically meet the 2011 definition: five due to the

absence of both tachycardia and hypertension and one due to the

onset time occurring beyond 6 h (but within 12 h). In contrast, 46 of

the 48 cases met the 2018 ISBT/IHN/AABB definition. The remaining

two cases did not meet the criteria due to lack of documentation of

the time of onset.

There were 24 cases of TRALI under the 2004 CCC definition

(15 cases of TRALI and 9 cases of possible TRALI). Following the

proposed 2019 redefinition, there would be a total of 25 cases

(15 TRALI Type I cases and 10 TRALI Type II cases). There were

three cases where the classification was different. One case did

not meet the 2004 definition due to pre-existing ARDS from

influenza A pneumonia, but could be diagnosed as a TRALI Type II

under the revised definition as their respiratory status had

been stable for more than 12 h. One case was classified as

possible TRALI under the 2004 definition but under the 2019 def-

inition would be classified as TRALI Type I due to cardiopulmo-

nary bypass no longer being listed as an ARDS risk factor. The

reverse was true for the last case, which was classified as TRALI

under the 2004 definition but as TRALI Type II under the redefini-

tion due to pulmonary vasculitis being added as an ARDS risk

factor.

T AB L E 2 Baseline demographics of all patients and patients with
transfusion-related acute lung injury (TRALI)

Attribute TRALI, n (% of TRALI) Total, n (% of total)

Gender

Male 12 (50%) 48 (48.5%)

Female 11 (46%) 50 (50.5%)

Unknown 1 (4%) 1 (1.0%)

Age

Age range 3 days–90 years 1 day–95 years

Median age 68.5 years 65 years

Paediatric cases (<16 years)

Number of cases 8 (8%)

Age range 1 day–15 years

Median age 2 years

Patient’s underlying condition

Malignancy 7 (29.2%) 40 (40.4%)

Trauma 0 (0%) 1 (1.0%)

Surgery 7 (29.2%) 18 (18.2%)

Medical 10 (41.7%) 36 (36.4%)

Obstetrics 0 (0%) 2 (2.0%)

Other 0 (0%) 2 (2.0%)

Location

ICU, intubated 2 (8.3%) 7 (7.1%)

ICU, not intubated 3 (12.5%) 10 (10.1%)

Non-ICU 19 (79.2%) 77 (77.8%)

Unknown 0 (0%) 5 (5.1%)

Abbreviation: ICU, intensive care unit.

T AB L E 3 Product and donor details of transfusion-related acute
lung injury (TRALI) cases

Products associated with TRALI cases

Product Number of products
Average
age of product (days)

Red cells 25 17.1

Pooled platelets 6 4.2

Apheresis platelets 3 3.5

Fresh frozen plasma 26 59.3

Cryoprecipitate 2 54.0

Donors associated with TRALI cases

Total number of donors associated 81

Donor gender

Male 49 (60% of donors)

Female 32 (40% of donors)

Cases with single donor versus multiple donors

Single 8 (33% of cases)

Multiple 16 (67% of cases)

2 donors 6

3 donors 2

≥ 4 donors 8

Donor outcomes

Donor deferred 33 (40% of donors)

Gender of deferred donor

Male 18

Female 15

Antibody detection

Donors with antibodies detected 28

Donors with no antibodies detected 5

Donor cleared 41 (51% of donors)

Did not present for testing 6 (7% of donors)

Not applicable (cadaveric) 1 (1% of donors)
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TRALI case series

Details of the 24 TRALI cases under the current 2004 CCC definition

were extracted from the database (Table A1). In total, 62 blood prod-

ucts from 81 donors were associated with these cases (Table 3). Of

these donors, 60% were male and 40% were female. In approximately

one-third of cases a single donor was implicated. A total of 33 donors

(40%) were deferred, including 18 males and 15 females. Of the

remaining donors, 41 (51%) were cleared to donate again, 6 (7%) did

not present for testing and 1 (1%) was a cadaveric liver donor. In

terms of recipient outcomes, there were 3 deaths, 21 recoveries and

3 unknowns resulting in a case fatality rate of 14%.

There were eight cases where no antibodies were detected

(Table 4). Of the 16 cases where antibodies were identified, recipient-

specific antibodies were found in 8 cases and only non-concordant

antibodies were detected in the remaining 8 cases. In 3 cases, only

one class of antibody was identified, whereas in 13 cases multiple

antibody classes were detected. The most frequently identified anti-

bodies were non-concordant anti-HLA class I (14 cases) and anti-HLA

class II antibodies (12 cases). Recipient-specific anti-HLA class I and

anti-HLA class II antibodies were detected in six and seven cases,

respectively. Anti-HNA antibodies were detected in only three cases,

with two demonstrating recipient specificity (anti-HNA-1a and anti-

HNA-2).

There was no difference in the incidence of antibody detection

between blood products with low plasma volume (red cells, pooled

platelets and cryoprecipitate) compared with products with high

plasma volume (apheresis platelets and fresh frozen plasma) (45%

vs. 34%, p = 0.44). There was a trend towards higher antibody detec-

tion rates in female donors (46%) compared with male donors (29%),

but this was not statistically significant (p = 0.10).

DISCUSSION

The new TACO definition [4] has already been accepted for use inter-

nationally [9] and from late 2019, in Australia by Lifeblood. In con-

trast, the proposed TRALI re-definition [5] has not yet been widely

accepted due to the lack of validation studies. This study provided fur-

ther evidence that the new TACO definition improves upon the 2011

definition [2] in terms of usability and capturing of cases. This is the

first study to provide validation data for the TRALI re-definition.

The 2018 TACO definition [4] was found to be broader and more

encompassing than the former definition [2]. Sixteen cases did not

meet the 2011 definition due to insufficient clinical information, com-

pared with only two cases for the 2018 definition. A further six cases

clinically judged to represent TACO did not meet the stringent 2011

definition but met the 2018 definition. This was consistent with the

intention of the revised definition, which was developed because

many haemovigilance users felt that the 2011 definition was failing to

capture cases consistent with TACO clinically [8]. Several SHOT

reports highlighted that one of the issues with the 2011 definition

was the requirement for at least one of hypertension or tachycardia

to be present [19–21]. This was problematic as TACO cases can be

accompanied by hypotension rather than hypertension, tachycardia is

frequently non-specific, and both can be confounded by other clinical

variables [19–21]. For example, one case in this study that did not

meet the 2011 definition despite a presentation typical for TACO

involved a patient who had concurrent gastrointestinal bleeding. The

other restricting criterion of the 2011 definition was the limitation of

T AB L E 4 Antibody investigation results of transfusion-related
acute lung injury (TRALI) cases

Antibody detection in TRALI cases

Frequency of antibody detection

Cases with no antibodies 8

Cases with antibodies (HNA and/or HLA) 16

Cases with concordant antibodies 8

Cases with only non-concordant antibodies 8

Cases with one class of antibody 3

Cases with more than one class of antibody 13

Frequency of antibody classes

Cases with HNA antibodies 3

Concordant 2

Non-concordant 1

Cases with HLA class I antibodies 20

Concordant 6

Non-concordant 14

Cases with HLA class II antibodies 19

Concordant 7

Non-concordant 12

Product type and antibody detection

Product type

Number

of
products

Number
of cases

with
antibodies

Incidence of
antibodies

Low plasma volume

Red cells 25 8 15/33 (45%)

Pooled platelets 6 6

Cryoprecipitate 2 1

High plasma volume

Apheresis platelets 3 1 10/29 (34%)

Fresh frozen plasma 26 9

Donor gender and antibody detection

Total

donors,
n (%
total)

Male

donors, n
(% male
donors)

Female

donors, n (%
female
donors)

No. of donors 81 49 32

No. of donors with

antibodies

29 (36) 14 (29%) 15 (46%)

Abbreviations: HLA, human leucocyte antigen; HNA, human neutrophil

antigen.
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reaction onset time to within 6 h of transfusion (one case in this study

was excluded on this basis). However, a small but significant proportion

of TACO cases (12%–16%) develop beyond this timeframe [19, 20].

To reflect this, the onset time was increased to 12 h in the 2018 defi-

nition. Overall, the number of TACO cases reported will likely increase

under the broader 2018 definition and be more reflective of the real-

world incidence of TACO.

This study did not find any significant variation in the number of

TRALI cases between the 2019 [5] and 2004 definitions [3]. Inclusion

of patients with mild pre-existing stable ARDS as Type II TRALI

patients, after previously being excluded as possible TRALI patients,

did not result in a substantial increase in the number of TRALI cases.

There are some subtle differences in terms of ALI/ARDS risk factors

between the two TRALI definitions, but these had limited impact.

A limitation of our study is the potential for selection bias as data

were obtained from a passive haemovigilance system. Clinicians may

not have reported cases which did not qualify under the former defi-

nitions but would under the new definitions. TACO cases are under-

represented in Lifeblood’s data, but our study corroborates previous

validation work of the 2018 TACO definition [4]. For TRALI cases, the

potential of selection bias is likely considerably lower. As Lifeblood is

responsible for the clinical and laboratory assessment of suspected

TRALI cases, the number of suspected cases reported is substantially

higher than confirmed cases. A previous retrospective review of

TRALI cases reported to Lifeblood at a state level over a 20-year

period identified only 48 cases of TRALI or possible TRALI of 91 cases

referred [22]. Comparison of Lifeblood’s ATR database with the

Australian Haemovigilance Report, published by the National Blood

Authority Australia, during the same period shows that more cases

were reported to Lifeblood (24 vs. 18 cases) [23–26]. In the absence

of a single national haemovigilance system in Australia, this is likely

the most complete dataset for TRALI cases.

Patients with malignancies, particularly haematological malignan-

cies, were overrepresented in our study (40%). This is consistent with

previous studies identifying cancer as a risk factor for TRALI [27–30].

Recently, a study has also shown that oncology patients are at higher

risk of developing TACO [31]. Interestingly, whilst another series

described that 15% of TRALI cases occurred in patients with postpar-

tum haemorrhage [28], we did not observe any cases in obstetric

patients. The 14% fatality rate observed was similar to other

reports [32].

Amongst the 24 TRALI cases, antibodies were not detected in

8 cases. Of the 16 cases where antibodies were detected, recipient-

specific antibodies were only found in 8 cases. This proportion of

cases with antibodies was lower than the 80% previously reported

[33, 34], and might reflect the impact of risk-reduction strategies, such

as male exclusive plasma [18, 22, 35, 36]. The 33% frequency of cog-

nate antibodies was also lower than the data from SHOT, where cog-

nate antibodies were identified in 103 of 187 (55%) of TRALI

cases [37]. The most frequently detected antibodies in this case series

were anti-HLA class I and II antibodies without cognate recipient anti-

gens. Anti-HNA antibodies were detected in only three cases, with

only two of these being against cognate recipient antigens. This is

similar to most other case series, where anti-HLA class I and II anti-

bodies were seen more frequently than anti-HNA antibodies (67%–

97% vs. 1%–33% of antibody-positive cases) [27, 38, 39].

In conclusion, this study described the impact of the new TACO

and TRALI definitions. It provided further evidence that the 2018 def-

inition for TACO is an improvement over the former definition. It also

provides the first data to validate the proposed TRALI re-definition.

Larger follow-up studies will help finalize this validation.
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Abstract

Background and Objectives: Current manual and automated phenotyping methods

are based on visual detection of the antigen–antibody interaction. This approach has

several limitations including the use of large volumes of patient and reagent red

blood cells (RBCs) and antisera to produce a visually detectable reaction. We sought

to determine whether the flow cytometry could be developed and validated to per-

form RBC phenotyping to enable a high-throughput method of phenotyping using

comparatively miniscule reagent volumes via fluorescence-based detection of anti-

body binding.

Materials and Methods: RBC phenotyping by flow cytometry was performed using

monoclonal direct typing antisera (human IgM): anti-C, -E, -c, -e, -K, -Jka, -Jkb and

indirect typing antisera (human IgG): anti-k, -Fya, -Fyb, -S, -s that are commercially

available and currently utilized in our blood transfusion services (BTS) for

agglutination-based phenotyping assays.

Results: Seventy samples were tested using both flow-cytometry-based-phenotyping

and a manual tube standard agglutination assay. For all the antigens tested, 100%

concordance was achieved. The flow-cytometry-based method used minimal reagent

volume (0.5–1 μl per antigen) compared with the volumes required for manual tube

standard agglutination (50 μl per antigen)

Conclusion: This study demonstrates the successful validation of flow-cytometry-

based RBC phenotyping. Flow cytometry offers many benefits compared to common

conventional RBC phenotyping methods including high degrees of automation, quan-

titative assessment with automated interpretation of results and extremely low vol-

umes of reagents. This method could be used for high-throughput, low-cost

phenotyping for both blood suppliers and hospital BTS.

Keywords
antigen typing, flow cytometry, phenotyping, RBC phenotyping, transfusion

Highlights
• We have developed and validated a flow-cytometry-based-phenotyping method using exist-

ing, commercially available reagents.

• This methodology uses 1%–2% of the antisera that would be used with the conventional

agglutination-based phenotyping method and can test multiple samples simultaneously.
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• This low-cost, high-throughput method of phenotyping will allow hospitals and blood sup-

pliers to greatly increase the proportion of phenotyped patients and red blood cell units,

which presents many potential advantages.

INTRODUCTION

Red blood cell (RBC) phenotyping for non-ABO antigens is commonly

performed by both blood suppliers and hospital-based blood transfusion

services (BTS) on either donor or recipient RBCs. In Canada, this includes

the clinically significant antigens to which alloimmunization is most likely

to occur. Rhesus D (D) and Kell are universally evaluated on donor RBCs

by Canadian Blood Services (CBS), our national blood supplier. Similarly,

hospital BTS routinely test for D and, in selected cases, may phenotype

for K (e.g., in patients of childbearing potential). Many other RBC anti-

gens are known to contribute to alloimmunization in some transfused

patients and this may complicate future RBC transfusions, result in hae-

molytic transfusion reactions or haemolytic disease of the foetus and

newborn. Common clinically significant antigens associated with alloim-

munization include D, C, c, E, e, K, Fya, Fyb, Jka, Jkb, S and s [1].

The extent to which blood suppliers and hospital BTS test for addi-

tional antigens is variable. CBS routinely provides phenotype information

beyond D and K on donor RBCs in Canada for several additional antigens

(Table 1). Hospital BTS phenotyping practice varies. Some hospital BTS

will phenotype patient RBCs at the time of antibody identification in

those with a current or historical antibody. In certain clinical scenarios,

when the provision of phenotype-matched blood is required, phenotyping

of patient RBCs would also occur. These circumstances include patients

with pan-reactive autoantibodies or those with clinical indications for pro-

phylactic phenotype matching to avoid alloimmunization, such as sickle

cell disease [2]. Some centres have adopted a broader approach to patient

antigen typing with routine use of phenotype-matched blood in other

scenarios or in all chronically transfused patients [3–5].

Presently, RBC phenotyping is performed using techniques that rely

on visual detection of RBC agglutination. This assessment is typically

performed through the incubation of the test RBCs (donor or patient) with

a known antibody corresponding to a single RBC antigen of interest. This

can be performed in a variety of detection methods including tubes, gel

cards or ‘solid phase’ plates [6–8]. The latter two detection methods have

been automated with instruments including readers that employ photo-

graphs and standard interpretation models based on the pattern within

the gel card or solid phase plate. All these methods use relatively large vol-

umes of patient RBCs and reagent antisera and the antibodies in order to

create visibly detectable agglutination.

Flow cytometry is widely used both as a research and clinical tool. It

is commonly used in clinical laboratories to characterize neoplastic cell

populations in haematopathology and in the assessment of immune defi-

ciency. Therefore, this technique, including the equipment and expertise

to perform it, is already widely available to clinical laboratories. This

makes it ideally suited as a potential tool for use in transfusion medicine.

Moreover, flow cytometry uses lasers and fluorescent detectors to iden-

tify the antigen–antibody interaction, allowing for potential assessment

of this endpoint with miniscule amounts of reagent compared to sero-

logical methods, while providing a quantitative measurement of fluores-

cence intensity, which is related to the antigen density and the amount

of antibody binding to the antigen. With the advent of 96-well micro-

plates, flow cytometers have the potential for high-throughput, auto-

mated testing, which could make the provision of full phenotyping of

donor RBCs and a high proportion of phenotyped patient samples more

viable from an economic and logistical perspective. This technique could

serve both blood suppliers and hospital-based BTS. Despite the wide-

spread availability of flow cytometry in clinical laboratories and potential

benefits, use in transfusion medicine has been largely confined to assess-

ment of foetal maternal haemorrhage [9, 10]. The literature does also

describe the utility of flow cytometry in resolving ABO discrepancies

and in assessment of weak ABO and D antigens [11, 12].

The purpose of this research is to develop a novel and scalable

flow-cytometry-based RBC phenotyping method that uses low

reagent volumes to achieve a low-cost, high-throughput phenotyping

method for common RBC antigens most frequently associated with

alloimmunization, on patient RBC samples.

STUDY DESIGN AND METHODS

Reagents

RBC phenotyping by flow cytometry was performed using direct

typing antisera (IgM): anti-C, -E, -c, -e, -K, -Jka, -Jkb and indirect typing

antisera (IgG): anti-k, -Fya, -Fyb, -S, -s (Table 2). All antisera utilized are

commercially available and are currently used by the Nova Scotia

Health Authority Central Zone Blood Transfusion Service (CZ-BTS)

T AB L E 1 Percentage of units with phenotypic information
provided to hospitals by Canadian Blood Services

Antigen Percent reported (%)

C 35.19

E 38.48

c 38.9

e 40.56

K 99.96

Jka 21.2

Jkb 20.28

Fya 31.34

Fyb 29.46

S 30.18

s 20.54
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for routine phenotyping of patient and blood donor samples with con-

ventional manual tube standard agglutination techniques. Secondary

detection antibodies used for RBC phenotyping by flow cytometry

were allophycocyanin (APC) conjugated polyclonal goat anti-human

IgG (Jackson ImmunoResearch Laboratories Inc., West Grove, PA,

USA) and phycoerythrin (PE) conjugated polyclonal donkey anti-

human IgM (One Lambda, Canoga Park, CA, USA). Flow wash buffer

(FWB) composed of Dulbecco’s phosphate-buffered saline (DPBS; Life

Technologies Inc.) and 2% (v/v) foetal calf serum (Life Technologies

Inc.) was used for all washes during the phenotyping procedure. RBC

suspensions(3%–5%) and all antisera and secondary antibody cocktails

were prepared in DPBS (Life Technologies Inc.). Panel RBCs (3%–5%

suspension) were purchased from Ortho Clinical Diagnostics.

Patient RBC preparation

To prepare a 5% RBC suspension from patient samples, 6 ml of EDTA

anticoagulated whole blood was centrifuged for 10 min at 1800g. Ten

microlitre of packed RBCs were collected from the bottom of the cen-

trifuged tube and added to 190 μl of DPBS.

Antiserum cocktail and secondary antibody cocktail
preparation

Reagent antisera cocktails consisted of an IgM component and an IgG

component as follows: anti-C with -S, -c with -s, -K with -k, -Jka with

-Fya, -Jkb with -Fyb and were diluted in DPBS (Table 3). Anti-E and

anti-e antisera (IgM) were diluted in DPBS individually (Table 3).

Secondary antibody cocktail consisted of anti-human IgG-APC (1:200)

and anti-human IgM-PE (1:100) diluted in DPBS.

As most of the antisera used were combined into a cocktail con-

sisting of an IgM component and an IgG component (anti-E and -e

were diluted in DPBS individually), the number of wells in the micro-

plate used for each patient was reduced from 12 to 7 wells. Thus,

12 patient samples could be phenotyped on a single 96-well tray

simultaneously.

RBC phenotyping by flow cytometry

RBC phenotyping was performed in 96-well U-bottom Falcon

microplates. Briefly, 5 μl of the appropriate antisera cocktail or DPBS

(background control) were manually added to the bottom of each well.

Next, 2.5 μl of appropriate 5% RBC suspension were manually added

to the side of each well. Trays were centrifuged at 1800g for 10 s and

agitated by vortexing to ensure appropriate mixing of the cells and anti-

sera. Trays were incubated at room temperature (RT) for 5 min and

manually washed three times in 200 μl of FWB at 1800g for 1 min. A

quantity of 20 μl of the secondary antibody cocktail (anti-IgM PE and

anti-IgG APC in DPBS) were added to each well, mixed by vortexing

and incubated at RT for 5 min. Cells were manually washed twice in

200 μl of FWB at 1800g for 1 min and resuspended in 200 μl of FWB

before acquisition by flow cytometry. Controls consisted of RBC panel

cells with positive and negative antigen expression for antigens being

evaluated in each well. Heterozygous controls are used when possible,

though for certain antigens homozygous cells may be used.

Cell acquisition and analysis by flow cytometry

RBC events were acquired using the FACSCanto II flow cytometers

(BD Biosciences) and analysed with BD FACSDIVA™ software

(BD Biosciences) on the 1024 fluorescence channel scale. Data were

expressed as the median channel fluorescence shift (MCFS) from the

DPBS background control. For all IgM antisera, a cut-off of >100

MCFS from background control was used to classify positive

T AB L E 2 List of commercially available blood bank reagents used
in flow cytometry validation

Reagents

Anti-human IgG allophycocyanin (Cedar Lane Cat: 109-136-098)

Anti-human IgM phycoerythrin (One Lambda Cat: IGM-PEC1)

Anti-C BioClone® (Ortho. Cat: 713080)

Anti-c BioClone® (Ortho. Cat: 714080)

Anti-E BioClone® (Ortho. Cat: 713180)

Anti-e (Bio-Rad Cat: BT802370)

Anti-K monoclonal IgM BioClone® (Ortho. Cat: 713129)

Anti-k (Ortho. Cat: 721030)

Anti-Jka monoclonal BioClone® (Ortho. Cat: 721105)

Anti-Jkb monoclonal BioClone® (Ortho. CAT: 721480)

Anti-Fya monoclonal IgG Gamma-Clone® (Immucor Cat: 4816)

Anti-Fyb (Ortho. Cat: 725230)

Anti-S (Ortho. Cat: 723030)

Anti-s (Ortho. Cat: 721830)

Dulbecco’s phosphate-buffered saline (Life Tech. Cat: 14190250)

Foetal bovine serum, heat inactivated (Life Tech. Cat: A3840301)

Isotonic saline 0.85% w/v, pH >5.5 (Thermo Scientific)

Flow wash buffer

T AB L E 3 Antisera cocktail suspensions

Cocktail Anti-IgM antibody Anti-IgG antibody DPBS

a Anti-C 10 μl Anti-S 20 μl 70 μl

b Anti-c 10 μl Anti-s 10 μl 80 μl

c Anti-E 10 μl – – 90 μl

d Anti-e 10 μl – – 90 μl

e Anti-K 10 μl Anti-k 20 μl 70 μl

f Anti-Jka 10 μl Anti-Fya 20 μl 70 μl

g Anti-Jkb 10 μl Anti-Fyb 10 μl 80 μl

Note: A quantity of 5 μl of diluted antisera is required for each test. This

recipe provides enough reagent to test approixmately 20 patients.

Abbreviation: DPBS, Dulbecco’s phosphate-buffered saline.
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reactions. The positive cut-off for IgG-based anti-k, -Fyb, -S and -s IgG

antisera was >50 MCFS and anti-Fya antisera was >40 MCFS from

background control. Cut-offs were chosen to ensure clear separation

between the maximum fluorescence observed for antigen-negative

cells and minimum fluorescence observed for antigen-positive cells

(see Tables 4 and 5 ranges of channel shifts observed).

T AB L E 4 Test results for red blood cells negative, heterozygous or homozygous for C, c, E, e, Jka, Jkb and K analysed using IgM-based
antisera

Antigen Zygosity N Mean shifta SD Min shift Max shift Median shift Shift cut-off % neg. % pos.

C Homozygous 17 422 66 294 524 433 100 0 100

C Heterozygous 19 349 57 241 425 356 100 0 100

C Negative 34 3 13 �12 59 0 100 100 0

c Homozygous 34 297 43 205 396 294.5 100 0 100

c Heterozygous 19 218 47 150 328 215 100 0 100

c Negative 17 18 21 �6 60 9 100 100 0

E Homozygous 9 392 22 363 436 393 100 0 100

E Heterozygous 11 383 44 320 478 374 100 0 100

E Negative 50 1 6 �20 14 0 100 100 0

e Homozygous 50 443 62 296 600 447.5 100 0 100

e Heterozygous 11 400 42 335 483 389 100 0 100

e Negative 9 �2 7 �13 7 �3 100 100 0

Jka Homozygous 25 497 28 435 561 501 100 0 100

Jka Heterozygous 25 445 35 353 484 456 100 0 100

Jka Negative 20 3 9 �12 22 2.5 100 100 0

Jkb Homozygous 20 353 61 264 470 334 100 0 100

Jkb Heterozygous 25 273 56 200 394 265 100 0 100

Jkb Negative 25 �1 7 �15 12 0 100 100 0

K Homozygous 2 447 4 444 449 446.5 100 0 100

K Heterozygous 9 382 24 347 423 382 100 0 100

K Negative 59 6 12 �10 51 4 100 100 0

Abbreviations: max, maximum; min, minimum; neg, negative; pos, positive; SD, standard deviation.
aMedian channel fluorescence shift.

T AB L E 5 Test results for red blood cells negative, heterozygous or homozygous for Fya, Fyb, k, S and s analysed using IgG-based antisera

Antigen Zygosity N Mean shifta SD Min shift Max shift Median shift Shift cut-off % neg. % pos.

Fya Homozygous 20 258 57 130 362 254.5 50 0 100

Fya Heterozygous 23 228 45 155 353 225 50 0 100

Fya Negative 26 4 5 �6 14 2.5 50 100 0

Fyb Homozygous 26 278 57 110 368 280 40 0 100

Fyb Heterozygous 23 237 64 44 312 266 40 0 100

Fyb Negative 20 2 5 �7 15 2 40 100 0

k Homozygous 59 224 47 103 359 230 50 0 100

k Heterozygous 9 176 48 129 241 148 50 0 100

k Negative 2 15 8 9 21 15 50 100 0

S Homozygous 12 285 37 232 353 281 50 0 100

S Heterozygous 24 241 51 128 379 241 50 0 100

S Negative 33 3 9 �18 25 2 50 100 0

s Homozygous 33 430 54 257 548 435 50 0 100

s Heterozygous 24 323 56 174 432 330.5 50 0 100

s Negative 12 2 5 �8 9 1 50 100 0

Abbreviations: max, maximum; min, minimum; neg, negative; pos, positive; SD, standard deviation.
aMedian channel fluorescence shift.
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The antigen antibody binding on the RBCs was detected by using

fluorescently labelled anti-human IgM PE and anti-human IgG APC

secondary antibodies. The amount of fluorescence produced as the

cells are interrogated by the flow cytometry analyser was measured

on the 1024 fluorescence channel scale and expressed as MCFSs from

the background control. Presently, results are manually entered into

the laboratory information system. Figures 1 and 2 demonstrate

examples of the gating strategy employed and representative

histograms of the results.

Standard tube agglutination method

The same reagents were used for comparative agglutination-based

assays according to the manufacturer’s instructions. Briefly, a 5%

RBC suspension was prepared from EDTA anticoagulated patient

whole blood samples following centrifugation for 10 min at 1800g,

by mixing RBCs and normal saline. The manufacturer specified vol-

ume of sample was mixed with 50 μl of commercial antibody prep-

aration (one tube per antisera). The antisera included human

F I GU R E 1 The forward and side scatter dot plots showing red blood cell event acquisition, and histograms of channel shift for IgM-based
antisera in two patients are shown. A patient with negative expression of E antigen and homozygous positive expression of e antigen (panel a),
and a patient with heterozygous expression of E and e antigens (panel b) are shown. PE, phycoerythrin; ctrl, control; neg, negative.
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monoclonal IgM blends with the following specificities: anti-C,

anti-e, anti-E, anti c, anti-K, anti -Jka, anti -Jkb, anti-S, anti-s and

anti -Fyb. All direct typing reagents were from Ortho Clinical

Diagnostics with exception of anti-e (Bio-Rad). Following incubation

for 15 min at 37�C, the tubes were washed in a cell washer and

the agglutination was read and individually graded. Phenotyping for

Fya and k were performed using an indirect antiglobulin test (IAT)

in micro typing system (MTS) gel cards (Ortho Clinical Diagnostics)

according to manufacturer’s instructions using anti-Fya (Immuncor)

and anti-k (Ortho Clinical Diagnostics) indirect antisera.

RBC panel cells with heterozygous and negative antigen

expression were used for positive controls and negative controls,

respectively (Immuncor).

Statistical analysis

Mean, median and standard deviation of MCFS values from

background control as well as Student’s t-test calculations were

performed using Microsoft Excel software.

F I GU R E 2 The forward and side scatter dot plots showing red blood cell event acquisition, and histograms of channel shift for IgG-based
antisera in two patients are shown. A patient with homozygous positive expression of Fya antigen and negative expression of Fyb antigen (panel a),
and a patient with heterozygous expression of Fya and Fyb antigens (panel b) are shown. APC, allophycocyanin; ctrl, control; neg, negative.
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RESULTS

Red cell phenotyping by flow cytometry involved mixing the RBCs

(reagent panel or patient cells) and reagent antisera in 96-well micro-

plates. The volumes used for the purposes of this validation were

20 μl of 5% RBC suspension and 5 μl of the appropriately diluted anti-

sera cocktail or DPBS for the background control. Each 5 μl uses 0.5

or 1 μl (anti-S, anti-Fya and anti-k) of antisera per reaction. This com-

pares with 550 μl of 3%–5% RBC suspension and 50 μl of antisera for

the comparable tube agglutination technique. This represents 50–100

times reduction in volume of antisera used compared to the manual

tube standard agglutination assay. Most of the antisera used for the

flow cytometric method were combined into a cocktail consisting of

an IgM component and an IgG component (-C with -S, -c with -s, -K

with -k, -Jka with -Fya, -Jkb with -Fyb) diluted in DPBS. Anti-E and

-e were diluted in DPBS individually. This reduced the number of

wells in the microplate used for each patient from 12 to 7 wells. Thus,

12 patient samples could be phenotyped on a single 96-well tray

simultaneously.

A total of 40 reagent panel RBCs and 30 patient RBC samples

were phenotyped to validate the assay. The results for IgM-based

(Table 4 and Figure 3 panel a) and IgG-based (Table 5 and Figure 3

panel b) reagents are shown. There was a clear distinction between

positive and negative reactions using both the 100 MCFS and

50 (40 for anti-Fya) MCFS for both IgM and IgG reagents, respectively,

for both heterozygous and homozygous patient and panel cells tested.

(a) (b)

F I GU R E 3 Mean median channel fluorescence shift (MCFS) and one standard deviation for homozygous, heterozygous and antigen-negative
RBCs tested using IgM-based antisera (panel a) and IgG-based antisera (panel b).

(a) (b)

F I GU R E 4 Day 1 (fresh cocktail) versus 7-day-old (aged cocktail) antiserum cocktails shown on the x-axis and y-axis showing median channel
shift of specimens negative, heterozygous and homozygous for Jka antigen (panel a) and s antigen (panel b) for 18 samples. MCFS, median
channel fluorescence shift.

FLOW-CYTOMETRY-BASED PHENOTYPING 213

 14230410, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13401 by C

ornell U
niversity E

-R
esources &

 Serials D
epartm

ent, W
iley O

nline L
ibrary on [23/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The results of phenotype testing by flow cytometry method

indicate a 100% concordance with phenotype results reported by

the vendor on panel cell worksheets and with the conventional

agglutination-based testing performed on patient samples. Homozy-

gous antigen expression on test RBCs showed significantly higher aver-

age MCFS when compared to heterozygous cells for all antigens tested

(p < 0.05) except for E, but ranges of MCFS overlapped significantly for

all antigens, which precludes assessment of zygosity based on MCFS.

The comparison of fresh (Day 1) and aged (stored at 4�C for Day

7) antisera cocktails indicated that there was no appreciable differ-

ence between the freshly prepared and stored antisera cocktails.

These results are shown in Figure 4.

In addition, this procedure is very fast and requires approximately

30 min to perform the test method outlined in this paper on an avail-

able specimen. In addition, multiple patients can be added with

minimal marginal increase in test time required.

DISCUSSION

We demonstrated that the monoclonal IgM- and IgG-based antisera

used by our blood bank for routine agglutination-based RBC pheno-

typing using manual tube standard agglutination and IAT methods can

be successfully applied to phenotyping by flow cytometry when used

in conjunction with fluorescent-labelled secondary anti-human IgM

and IgG antibodies as detection reagents. In this paper, we show the

successful validation of this phenotyping method which showed

100% concordance with phenotyping results obtained by comparison

with both traditional agglutination-based phenotyping method per-

formed in our institution and RBC phenotyping results provided by

manufacturers of RBC reagent panel cells.

Due to the small size of each well and because of the sensitive

fluorescence-based detection system afforded by flow cytometry, a sig-

nificantly smaller volume of patient’s cells and antisera can be used com-

pared to agglutination-based techniques and multiple patient samples

can be phenotyped simultaneously on a single plate. The small volume of

sample required may be beneficial in certain situations such as testing on

limited patient samples or donor segments from referring institutions.

Conventional techniques based on the visual detection of agglutina-

tion require large volumes of donor or recipient RBCs, antisera and other

costly reagents, such as gel cards, rely on visual observation with semi-

quantitative grading of results, and allow for automation to various

extents based on the testing medium employed (i.e., tube vs. gel). Flow-

cytometry-based phenotyping used minimal antisera (0.5–1 μl depending

on antigen) compared to 50 μl used in our agglutination-based testing,

can be easily batched, with reagent cocktails prepared in advance, and

allows for automation, with quantitative results reporting contributing to

reproducible interpretation. Additionally, the relatively miniscule amount

of patient sample (1 μl) required provides potential benefits with respect

to reduction of patient sample volumes required for testing when com-

pared with 27.5 μl used in the conventional technique.

Comprehensive cost analysis is beyond the scope of this article

and is impacted by a variety of factors which will vary significantly

between institutions such as testing volume, technologist salaries,

vendor contracts, existing test methods and availability of flow

cytometry, currencies, among other things. Given the vast reduc-

tion in reagents required using this method compared to conven-

tional agglutination-based assays, it is reasonable to conclude that

this method may provide substantial cost benefits to centres with

sufficient testing volume. For example, in our centre, the cost of

reagents and consumables required to perform our agglutination-

based assay on a single patient is $90.60 Canadian (CDN), while

testing a single patient using our flow cytometry assay is estimated

to cost $17.24 CDN including controls and the tray which was the

largest contributor to cost in running a single patient ($6.92 CDN).

If batching patients and maximizing the capacity of a tray the cost

of reagents and consumables can be reduced to $4.28 CDN per

patient.

Problems with agglutination were not encountered during this

validation. We speculate that this is likely due to the lower ratio of

reagent antisera to RBCs used in this method compared to agglutina-

tion assays. Additionally, vortexing was performed as described in the

methods which helps to disrupt agglutination.

At CZ-BTS, we have implemented this technology in collaboration

with our human leukocyte antigen (HLA) laboratory who provide

access and regular care and maintenance for the flow cytometers and

trains the BTS technologists in their use. Our current approach is to

batch all patients who receive a transfusion and perform phenotyping

on the pretransfusion specimen once a transfusion has occurred. This

aids in antibody identification following transfusion for those patients

who become alloimmunized by transfusion.

A highly phenotyped RBC component inventory provided by

blood suppliers in conjunction with a highly phenotyped recipient

population has many potential benefits. With regard to blood sup-

pliers, this would aid in identification of units to be used in alloimmu-

nized patients, may lead to identification of rare RBC donors and

allows for increased phenotype matching in patients with a recog-

nized indication. From the hospital BTS perspective, having a highly

phenotyped recipient pool would allow for faster antibody identifica-

tion in patients who develop antibodies and prophylactic matching of

RBC units for patients with an appropriate indication.

Additionally, the emergence of low-cost, high-throughput pheno-

typing could be the first step towards a transfusion system where

phenotype matching for patients is more broadly utilized. Studies

have demonstrated the effectiveness of phenotype-matched blood in

reducing immunization following transfusion. In a study of chronically

transfused myelodysplastic syndrome patients, matching for C, E and

K was associated with lower immunization rates (11% vs. 23%) [3]. It

is noted that prevention of alloimmunization in those of childbearing

potential by matching for C, E and K may prevent up to 40% of cases

of hemolytic disease of the fetus and newborn (HDFN). This routine

phenotype matching is performed in the Netherlands [4, 13]. A study

of surgical patients, randomized to receive either phenotype-matched

or unmatched blood, showed a reduction in alloimmunization of 64%

following a single unit transfused in the phenotype-matched

group [5].
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The two main barriers to universal phenotype matching include

the cost of phenotyping for recipient and donor RBCs and the proce-

dural complexity around unit selection and inventory management uti-

lizing this type of approach. The advent of high-throughput, cost-

effective phenotyping using flow cytometry techniques widely avail-

able to hospital-based BTS largely removes the former of these

barriers.

Future directions for this work include the evaluation of flow

cytometry to phenotype patients with positive direct antiglobulin test-

ing (DAT), evaluation of additional RBC antigens and a full range of

available antisera using this method and flow cytometric RBC antigen

phenotyping of RBCs from donor unit segments. All DAT-positive

samples showed increased background with anti-IgG negative controls

while anti-IgM background was not affected. Therefore, any sample

showing increased anti-IgG background would automatically be tested

using our routine agglutination-based assay. There is also potential for

using flow cytometry as an antibody identification technique utilizing

patient plasma and panels of reagent RBCs with a flow cytometric

detection system for the antigen–antibody reactions.

Limitations of this technique are that flow cytometers are only

likely to be available in a medium or large hospital BTS or blood sup-

pliers. The technique would be impractical in a small hospital as a flow

cytometer and/or the attendant expertise and training are unlikely to

be available. For maximal cost efficiency, the BTS would have to

either access flow cytometry resources elsewhere in the hospital, or

purchase and maintain a flow cytometer for dedicated use in BTS,

which would introduce considerable cost and complexity only justifi-

able with high-volume testing.

RBC antigen genotyping for prediction of phenotype using low-

cost, high-throughput next-generation sequencing (NGS) and other

probe-based genetic assays is a rapidly emerging field [14]. While

these techniques may supplant high-volume donor antigen phenotyp-

ing in the future, it will only be feasible and cost-effective in a high-

volume setting and will likely be best suited for blood suppliers where

the volume of testing is high and the turnaround time for testing is

less critical than in a hospital transfusion service.

A fully genotyped donor RBC inventory utilizing NGS performed

by the blood supplier could be combined with a fully phenotyped

pretransfusion patient population using flow cytometric RBC antigen

typing at the hospital. This could allow for routine, full phenotype

matching of donor and recipient with an expected reduction in

alloimmunization and its associated complications.

Finally, the development of directly conjugated antibodies would

allow massive volumes of phenotyping for large BTS and blood sup-

pliers that could allow nearly universally phenotyped RBC inventories

for common immunogenic antigens, which would represent a major

step forward in transfusion medicine.
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5. Schonewille H, Honohan Á, van der Watering LM, Hudig F, Te

Boekhorst PA, Koopman-van Gemert AW, et al. Incidence of alloantibody

formation after ABO-D or extended matched red blood cell transfusions:

a randomized trial (MATCH study). Transfusion. 2016;56:311–20.
6. Derr DA, Dickerson SJ, Steiner EA. Implementation of gel column tech-

nology, including comparative testing of Ortho ID-MTS with standard

polyethylene glycol tube tests. Immunohematology. 1998;14:72–4.

7. Eduardo D, Vladislav C. Implementation of gel testing for antibody

screening and identification in a community hospital, a 3-year experi-

ence. Lab Med. 2005;36:489–92.

8. Weisbach V, Kohnhäuser T, Zimmermann R, Ringwald J, Strasser E,

Zingsem J, et al. Comparison of the performance of microtube col-

umn systems and solid-phase systems and the tube low-ionic-

strength solution additive indirect antiglobulin test in the detection

of red cell alloantibodies. Transfus Med. 2006;16:276–84.

9. Farias MG, B�o D, Castro SM, da Silva AR, Bonazzoni J, Scotti L, et al.

Flow cytometry in detection of fetal red blood cells and maternal F

cells to identify fetomaternal hemorrhage. Fetal Pediatr Pathol.

2016;35:385–91.

10. Davis BH, Davis KT. Laboratory assessment of fetomaternal hemor-

rhage is improved using flow cytometry; ortho (United States). Lab

Med. 2007;38:365–71.

11. Arnoni CP, Muniz JG, Vendrame TAP, Medeiros R, Cortez AJP,

Latini FRM, et al. Correlation among automated scores of agglutina-

tion, antigen density by flow cytometry and genetics of D variants.

Transfus Apher Sci. 2019;58:680–4.

12. Arndt PA, Garratty G. A critical review of published methods for

analysis of red cell antigen-antibody reactions by flow cytometry,

FLOW-CYTOMETRY-BASED PHENOTYPING 215

 14230410, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13401 by C

ornell U
niversity E

-R
esources &

 Serials D
epartm

ent, W
iley O

nline L
ibrary on [23/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-7738-3378
https://orcid.org/0000-0001-7738-3378
https://orcid.org/0000-0002-6579-4185
https://orcid.org/0000-0002-6579-4185


and approaches for resolving problems with red cell agglutination.

Transfus Med Rev. 2010;24:172–94.
13. Dajak S, Culi�c S, Stefanovi�c V, Lukačevi�c J. Relationship between previous
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Abstract

Background and Objectives: Data about collection efficiency 1 (CE1), which

takes into account blood cell counts before and after collection, thus providing a

more accurate estimate, in the collection of autologous T lymphocytes by aphe-

resis for chimeric antigen receptor (CAR) T-cells remain scarce. We evaluated

donor- and procedure-related characteristics that might influence the CE1 of

lymphocytes.

Materials and Methods: We retrospectively reviewed all mononuclear cell (MNC)

collections) performed for CAR T-cell manufacturing in our institution from May

2017 to June 2021 in adult patients. Age, gender, weight, total blood volume

(TBV), prior haematopoietic cell transplant, diagnosis, days between last treat-

ment and apheresis, pre-collection cell counts, duration of apheresis, TBV pro-

cessed, vascular access, inlet flow and device type were analysed as potential

factors affecting CE1 of lymphocytes.

Results: A total of 127 autologous MNC collections were performed on 118 patients

diagnosed with acute lymphoblastic leukaemia (n = 53, 45%), non-Hodgkin lym-

phoma (n = 40, 34%), multiple myeloma (n = 19, 16%), and chronic lymphocytic leu-

kaemia (n = 6, 5%). The median CE1 of lymphocytes was 47% (interquartile range:

32%–65%). In multiple regression analysis, Amicus device was associated with higher

CE1 of lymphocytes (p = 0.01) and lower CE1 of platelets (p < 0.01) when compared

with Optia device.

Conclusion: The knowledge of the MNC and lymphocyte CE1 of each apheresis

device used to collect cells for CAR T therapy, together with the goal of the number

of cells required, is essential to define the volume to be processed and to ensure the

success of the collection.
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Highlights
• There was a positive correlation between the number of total lymphocytes, CD3+, CD4+

and CD8+ cells in peripheral blood before starting the apheresis procedure and the number

of respective collected cells.

• The Amicus device was associated with higher lymphocyte collection efficiency 1 (CE1) and

lower platelet CE1 when compared with the Spectra Optia device in non-mobilized donors

for autologous chimeric antigen receptor (CAR) T-cell manufacturing.

• When peripheral veins were used, lymphocyte CE1 was equal to that achieved using a cen-

tral line in non-mobilized donors for autologous CAR T-cell manufacturing.

INTRODUCTION

Mononuclear cell (MNC) collection is an apheresis procedure in which the

blood of the donor is passed through a medical device, which separates

and collects white blood cells and returns the remainder to the donor [1].

In the complex manufacturing process of producing chimeric antigen

receptor (CAR) T-cells, autologous T lymphocytes (CD3+ cells) are

required to be collected during the first step of the process [2].

Physicians working in an apheresis unit are familiar with MNC

collections performed to collect autologous haematopoietic progeni-

tor cells after mobilization from bone marrow to peripheral blood.

However, the collection of autologous CD3+ cells in non-mobilized

donors is challenging because it could be technically difficult when

performing the apheresis procedure [2]. First, some donors have a

complete blood count (CBC) with low number of leukocytes, a fre-

quent situation among refractory non-Hodgkin lymphoma (NHL) and

acute lymphoblastic leukaemia (ALL) patients, making it difficult to

establish red blood cell (RBC)–white blood cell (WBC) interface. Sec-

ond, little is known about the collection efficiency 1 (CE1) of CD3+

cells in this setting. Moreover, optimal storage condition, T-cell expan-

sion or final CAR T-cell product could be influenced by the rest of

peripheral blood cells in the collected bag [3, 4].

We, therefore, performed this retrospective study at our

institution to calculate the CE1. CE1, in contrast to CE2, takes into

consideration blood cell counts immediately before and after

the procedure, thus providing a more accurate estimate of the

efficiency of the procedure. CE1 was calculated in different

lymphocyte populations and other peripheral blood cells that are

present in the final collected bag, in patients who underwent MNC

apheresis for the collection of T-cells required for CAR T-cell

therapy. We also evaluated donor- and procedure-related charac-

teristics that might influence this CE1.

MATERIALS AND METHODS

Patients

We reviewed consecutive MNC collections performed from May

2017 to June 2021 in patients who had indication for autologous pro-

duction of CAR T-cells in the Apheresis and Cellular Therapy Unit at

Hospital Clínic, Barcelona. Patients who were less than 18 years old

were not included in this analysis. The study was approved by the

Ethics Committee of the Hospital Clínic. All donors signed an

informed consent to undergo MNC and consented to data release.

Apheresis

Patients were medically assessed before performing apheresis collec-

tion. Angiotensin-converting enzyme inhibitors [5], beta blockers and

anticoagulant medications [6] were suspended the day before the

apheresis procedure. In 94% of cases, a chemotherapy and immuno-

suppressive treatment wash-out period was performed, defined as at

least 2 weeks from the last dose.

Apheresis nurses evaluated peripheral vein access. If they were

inadequate to perform the apheresis procedure, a central venous

catheter (Softcell catheter 12.5 F, Bard, Access Systems, Inc., Salt

Lake City, UT, USA) was placed under ultrasound guidance. MNC

collections were performed either continuous MNC (cMNC) with the

Spectra Optia v12.0 (Terumo BCT, Lakewood, CO, USA) or with the

Amicus v6.0 (Fresenius Kabi, Bad Homburg, Germany) apheresis

platforms, following manufacturer’s instructions. Amicus was oper-

ated through intermittent collection, during a cycle, and MNCs were

separated by density centrifugation [7]. Automatically, at a certain

volume, the enriched buffy coat was pumped into the chamber to lift

and transferred into a collection bag. By contrast, whole blood was

separated into RBCs, buffy coat (leukocytes), platelets and plasma by

continuous spinning of the centrifuge in cMNC Optia. Manually the

place where to suck the buffy coat was established and was continu-

ously collected. Total blood volume (TBV) was calculated according

to Nadler et al [8]. We used adenine-citrate-dextrose (ACD-A) as

anticoagulant at a rate of up to 1.2 ml/min/L of TBV and at a ratio of

1:12. Routinely, patients received intravenous magnesium sulphate

(Mg) and calcium chloride (Ca) solution (1 mol Ca and 0.5 mol Mg

per 10 mol citrate), prepared in 100 ml 0.9% saline solution [9].

Adverse events during apheresis, such as hypotension, bleeding,

symptomatic hypocalcaemia or allergic reactions, were collected

from medical records. TBV to process was calculated, either using

the CE1 formula previously reported by our group [10] when a target

CD3+ cell quantity was desired or a fixed number of TBVs according

to manufacturer’s CAR T-cell protocols.
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EstimateTBV¼ 100�Desired lymphocytes yield
Pre-collection lymphocyte count� CE1¼39:7ð Þ :

Laboratory testing

On the day of the apheresis collection, blood samples were obtained

from the patient immediately before starting and immediately after

finishing the apheresis procedure. Furthermore, a sample was

obtained from the collected bag diluted 1/10 in saline and the col-

lected volume of the product was recorded using device information.

From all these samples, a CBC was performed using an autoanalyser

(Advia 2120, Siemens AG, Madrid, Spain) as well as lymphocyte popu-

lations (CD3+, CD4+ and CD8+ cells) were analysed by flow cytome-

try (FACSCanto, BD Biosciences, Barcelona, Spain).

Statistical analysis

The CE1 of different cell populations (lymphocytes, CD3+, CD4+, CD8

+, MNCs and platelets) was calculated using the following formula:

CE1 %ð Þ¼ Product cell count�Product volume
Pre-collection cell countþpost-collection cell count

2

� ��Whole blood processed
�100:

Qualitative and quantitative data are reported as number (frequencies)

and median (interquartile range [IQR]), respectively. Pearson coeffi-

cient and longitudinal linear regression were used to correlate contin-

uous variables.

Potential variables contributing to predict CE1 of different cell popu-

lations were identified using multiple regression analysis. Dependent var-

iables taken into consideration were as follows: CE1 of lymphocyte,

CD3+, CD4+, CD8+, MNCs and platelets. Potentially, predictors of cell

collection efficiencies included (independent variables) donor clinical

characteristics (gender, age, weight, TBV, prior haematopoietic cell trans-

plant [HCT], diagnosis, days between last treatment and apheresis), pre-

collection cell counts (haemoglobin, WBCs, total lymphocyte count,

CD3+, CD4+, CD8+, MNCs—sum of monocytes and lymphocytes—

platelet count) and procedure-related characteristics (duration of cell col-

lection, TBVs processed, vascular access, inlet flow and device type).

Data were analysed with software (IBM SPSS Statistics 23, IBM

Corporation, Armonk, New York, USA). A p value of less than 0.05

was considered significant.

RESULTS

Our series comprises 118 patients whose main clinical characteristics

are shown in Table 1.

Patients underwent 127 apheresis procedures, with no major

adverse events occurred during MNC collections. Two and three MNC

collections were performed in seven and one patients, respectively.

Reasons for second collections were excess of blasts in collected bag,

3 (33%), bacterial contamination, 3 (33%) and insufficient viral

transduction, 1 (11%), during academic manufacturing process, change

of therapeutic decision towards another CAR T-cells product, 1 (11%)

and unknown failure during industrial manufacturing process, 1 (11%).

Table 2 shows the main parameters of apheresis procedures. Of

note, 92 (72%) procedures were performed with Amicus (Fresenius

kabi) and peripheral lines were used as vascular access in 101 (80%)

cases. According to the need for a second collection (excluding con-

tamination and therapeutic decision) by device, Amicus were involved

in three (3%) cases and Optia in two (5%) cases. The volume of

ACD-A and Ca-Mg infused was 331 (272–482) ml and 93 (71–158)

ml, respectively. Haematocrit calculated in the collection bag was

Optia 1 (0–3)% and Amicus 6 (3–12)%. Table 3 shows cell blood

counts performed from peripheral blood and calculation of CE1.

T AB L E 1 Main characteristics of patients

Clinical characteristic Patients (n = 118)

Gender

Male 62 (53%)

Female 56 (47%)

Age (years) 51 (30–63)

Weight (kg) 68 (59–80)

Total blood volume (L) 4.4 (3.7–5)

Prior haematopoietic stem cell transplant

Allogeneic 45 (38%)

Autologous 31 (26%)

None 42 (36%)

Diagnosis

Acute lymphoblastic leukaemia 53 (45%)

Non-Hodgkin lymphoma 40 (34%)

Multiple myeloma 19 (16%)

Chronic lymphocytic leukaemia 6 (5%)

Days between last treatment and apheresis (days) 50 (25–125)

Note: Values are expressed as number (frequencies) or median

(interquartile range).

T AB L E 2 Main characteristics of apheresis procedures

Characteristic All collections (n = 127)

Device

Amicus 92 (72%)

Optia 35 (28%)

Vascular access

Peripheral veins 101 (80%)

Central line 26 (20%)

Whole blood processed (L) 4.8 (3.4–7.7)

Number of total blood volume processed 1 (0.8–1.9)

Inlet flow (ml/min) 70 (61–78)

Duration of apheresis procedure (min) 87 (65–146)

Note: Values are expressed as number (frequencies) or median

(interquartile range).
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We observed a positive correlation between the number of

lymphocytes, CD3+, CD4+ and CD8+ cells in peripheral blood

before starting the apheresis procedure and the number of respective

collected cells (r2 = 0.05, 0.23, 0.09 and 0.31, respectively; p < 0.05)

and between the TBV processed and lymphocytes, CD3+, CD4+ and

CD8+ yield (r2 = 0.04, 0.13, 0.22 and 0.09, respectively; p < 0.05).

Variables contributing to the variance of CE1 of different cell popu-

lations were identified using multiple regression analysis. Table 4 shows

the variables with predictive value in our multivariate regression model.

Interestingly, Amicus device was associated with a higher CE1 of lympho-

cytes (β = 0.36; R2 = 0.17; p < 0.001) and a lower CE1 of platelets (β =

�0.6; R2 = 0.39; p < 0.001) when compared with Optia. However there

was no differences between the two separators in the CE1 of MNC,

CD3+, CD4+ and CD8+. [Correction added on 07 March 2023 after

first online publication: the preceding sentence was added in this

version.]

DISCUSSION

We report for the first time a comprehensive study of CE1 of different

lymphocyte cell populations in a group of non-mobilized patients who

underwent MNC collections by apheresis to produce CAR T-cells.

We observed in the current study, as previously reported [11–14]

and because it is somewhat intuitive [15], that higher yield of desired

cells is associated with higher pre-collection cells in peripheral

blood in the donor and higher TBV processed. However, in order to

maximize the collection efficiency of our apheresis procedure and to

personalize collection variables for each donor, it is essential to know

the CE1 of the apheresis platform.

Collection efficiency refers to the number of cells that are

collected from the total number of cells processed by the apheresis

device. CE1 is more accurate than CE2, because CE1 is calculated

using both pre-collection and post-collection cell counts, not only pre-

collection cell count [16]. In our study, median CE1 of lymphocytes

was 47% (IQR: 32%–65%) similar to previous data reported in a group

of non-mobilized adults diagnosed with ALL, chronic lymphocytic leu-

kaemia (CLL) and NHL (median CE1 of 43%) [12]. When analysing the

collection of CD3+ cells, we observed a median CE1 of 38% (IQR:

20%–54%). Other authors reported higher values in children and

young adults [11, 14, 17].

Our main finding was that the apheresis device used to collect

cells might have an impact in the CE1 of lymphocytes. We report in

this study that Amicus device used for collection of MNCs was associ-

ated with higher CE1 of lymphocytes and lower CE1 of platelets when

compared with Optia. Our group has already published lower CE1 of

T AB L E 3 Cell blood counts from peripheral blood and collection efficiency 1 (CE1)

Blood count n Before collection After collection CE1 (%)

Haemoglobin (g/L) 127 112 (96–123) 99 (85–113) -

Platelets (�109/L) 127 145 (72–203) 111 (54–168) 6 (4–12)

Mononuclear cells (�109/L)a 127 1.4 (1–2.3) 1.2 (0.8–1.7) 50 (38–67)

Lymphocytes (�109/L) 127 1.1 (0.6–1.8) 0.8 (0.5–1.5) 47 (32–65)

Monocytes (�109/L) 127 0.3 (0.2–0.5) 0.3 (0.2–0.4) 22 (12–39)

CD3+ cells (�109/L) 120 0.8 (0.4–1.3) 0.6 (0.4–1.1) 38 (20–54)

CD4+ cells (�109/L) 120 0.3 (0.2–0.4) 0.2 (0.1–0.4) 37 (20–56)

CD8+ cells (�109/L) 120 0.5 (0.1–0.8) 0.4 (0.2–0.7) 36 (19–53)

Note: Values are expressed as median (interquartile range).
aMononuclear cells is the sum of lymphocytes and monocytes.

T AB L E 4 Multiple regression analyses of patient- and procedure-related variables affecting collection efficiency 1 (CE1) of cells

CE1 (%) of cells Variable β standardized R 2 p value

WBCs Diagnosis (MM vs. other diseases) �0.26 0.12 0.001

WBC count before collection �0.25

MNCsa MNC count before collection �0.34 0.15 <0.001

Diagnosis (MM vs. other diseases) �0.21

Lymphocytes Apheresis device (Amicus vs. Optia) 0.36 0.17 <0.001

Lymphocytes count before collection �0.29

Diagnosis (NHL vs. other diseases) 0.25

Platelets Apheresis device (Amicus vs. Optia) �0.6 0.39 <0.001

Weight �0.23

aMononuclear cells are the sum of lymphocytes and monocytes.

Abbreviations: MNC, mononuclear cell collection; WBC, white blood cell.
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platelets with Amicus when compared with Optia in the setting of

MNC collections for different cellular therapy protocols [10]. In con-

trast, other authors did not find a relationship between device type and

collection efficiency of MNCs [11, 12], but these results cannot be com-

pared because Amicus was not used in those studies. However, we

report here that CE1 of lymphocytes is higher when compared with

Spectra Optia in the setting of MNC collections for CAR T-cell

manufacturing. This is an important finding because the goal of the aphe-

resis procedure is the collection of enough lymphocytes to produce CAR

T-cells. The low content of platelets is also desired to avoid issues with

storage conditions, T-cell expansion and characteristics of the final CAR

T-cell product, as previously reported [3, 4]. A possible explanation could

be a greater collection of MNCs and RBCs with Amicus, as suggested by

the higher haematocrit in the collected product. Despite these results, no

recommendation can be made on the use of one device over another for

two reasons: the strength of correlation between the CE1 of lympho-

cytes and the device was low and external validation of these results is

required.

We also found that patients with multiple myeloma (MM) com-

pared with patients with other diagnoses had lower CE1 of WBCs and

MNCs in multivariable regression model, in contrast with a previous

report [13]. However, this association was not observed when analys-

ing the CE1 of lymphocytes, CD3+, CD4+ and CD8+ cells, in line

with other studies that did not find differences by diagnosis [18].

Moreover, multivariable regression model shows that patients with

NHL compared with other diagnoses had higher CE1 of lymphocytes.

Similarly to previous research that reported worse lymphocyte CE1

donors diagnosed with ALL versus NHL and CLL [12].

In our study, CE1 of different cell populations was not associated

with previous HCT [12, 17] or days between last treatment and aphe-

resis procedure [17]. We must be careful when interpreting timing

from last treatment to apheresis procedure result because, in our

institution, it was tried to stop chemotherapy administration 2 weeks

before starting cell collection. In the present study, only eight patients

received chemotherapy within 2 weeks before apheresis.

In a previous study, our group observed that collection of cells

using a central line was associated with lower CE1 of MNCs [10].

However, this association has not been observed in the current study.

The reasons for the discrepancies between the two articles were

unknown. We speculated about the sample difference, n = 770 versus

127. Perhaps the strength of the association was smaller and needed

a large sample to be observed. Another possible reason was that the

characteristics of the samples were not the same. Patients with

normal lymphocyte counts were included in the first article and the

proportion of apheresis performed with the Optia (63%) and Spectra

(21%) devices were higher than the present article. In any case, in

light of the absence of statistical differences, as well as to avoid risks

associated with central line placement, peripheral vein access

should be chosen, if possible. Implementation of ultrasound-guided

placement of peripheral venous access and knowledge of experienced

nurses are essential to achieve this goal [19].

Our study has some limitations. It was a retrospective study and

selection and information biases were possible. Moreover, MNC

procedures were performed using different devices and different

collection parameters. Of note, in some cases, TBV to be processed

was calculated using the CE1 formula when a CD3+ cell target

was desired. However, in other cases, TBV was a predefined collec-

tion parameter included in the apheresis manual of the CAR T-cell

manufacturing process.

In conclusion, Amicus device was associated with higher CE1 of

lymphocytes and lower CE1 of platelets when compared with Spectra

Optia platforms. The knowledge of the MNC and lymphocyte CE1 of

each apheresis device used to collect cells for CAR T therapy, together

with the goal of the amount of cells required, is essential to define the

volume to be processed and to assure the success of the collection.

Amicus device was associated with higher CE1 of lymphocytes

and lower CE1 of platelets when compared with Spectra Optia device.

This observation might be useful when collecting MNCs from non-

mobilized donors with the aim of preparing CAR T-cells because it will

allow us not only to personalize collection parameters for each donor

but also to select the optimal apheresis device to collect the desired

product with the desired cell content.
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INTRODUCTION

Blood transfusions are critical therapeutic interventions practiced in

hospitalized paediatric and neonatal patients. Red blood cells (RBCs),

platelets, plasma and cryoprecipitate are frequently transfused for var-

ious indications. Preparation of these blood products for paediatric

and neonatal patients includes special considerations surrounding unit

selection, preparation of aliquots, neonate-specific unit allocation

(e.g., dedicated units), irradiation, use of additive solutions and selec-

tion of units based on storage age, especially for foetuses and new-

borns. Other considerations include the mode of infusion, such as the

use of gravity versus syringe/pump, as well as concern for potassium

(K+) levels in RBCs. In this forum, we aim to describe the practice vari-

ations in the preparation of small-volume aliquots to paediatric and

neonatal patients around the world.

Respondent demography

Responses to the survey were received from 17 institutions, repre-

senting a wide geographical distribution over five continents, includ-

ing the following countries: Argentina, Brazil, Canada, India, Israel,

Italy, Malaysia, The Netherlands, Oman, Saudi Arabia, Singapore,

South Africa (two responses), Spain, Uganda, United Kingdom

(UK) and United States (US). All respondents represent institutes

located in urban areas that provide tertiary care services and serve as

teaching institutes/hospitals.

The responding institutions include hospitals providing services

to both adults and paediatric patients (n = 10); maternal and children

institutions (n = 3; Canada, Argentina and Singapore) and dedicated

paediatric and neonatal centres (e.g., children’s hospitals, n = 4; UK,

US, The Netherlands and Spain). The median number of neonatal

intensive care unit (NICU) beds in the responding institutes is 30.5

(mean = 31.4) and ranges from 12 beds (South Africa) to 65 beds

(Canada). The respondent from Spain reports only paediatric intensive

care services without NICU beds.

Aliquoting availability

All of the responding institutions provide small-volume aliquots of

blood components to paediatric and neonatal patients. The type of

blood components aliquoted varies among the institutions. RBCs are

aliquoted at all centres using a sterile connecting device (SCD).

Most of the responding institutions prepare aliquots of most of

the blood components with the exception of the respondent from
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Uganda where only RBC aliquots are prepared (Table 1). Thirteen

institutions prepare plasma aliquots and 11 prepare apheresis

platelet aliquots. Platelets from whole blood are aliquoted by only six

institutions, probably because the volume of whole-blood-derived

platelets is already small. Cryoprecipitate is not aliquoted by any par-

ticipating centre, possibly due to the availability of single cryoprecipi-

tate units of small volume. The National Health Service Blood and

Transplant in the UK specifically reports that they provide compo-

nents as per adults to paediatric patients above 1 year of age [1].

Selection of blood components

The age of the blood component is one the most important factors

considered for selecting a unit for transfusion to neonates. Release of

K+ by aging RBCs is considered clinically significant for neonates

receiving large-volume transfusions [2]. The majority of responding

institutions select units less than 3–7 days of age for RBC transfusion

to neonates. The respondents from Spain and Uganda did not report

an age consideration for selecting these units for transfusion.

Anticoagulant with additive solution is used in various parts of

the world for extending the shelf life of stored RBCs. Due to mannitol

being one of the components of additive solutions, some have

expressed reservations regarding its use in neonatal patients [1].

Similar variability in practice is highlighted by responding institutions.

Respondents from Malaysia, Saudi Arabia and Israel report the use

of anticoagulant alone, whereas the remaining respondents report the

use of additive solutions (e.g., Saline, adenine, glucose, mannitol

[SAGM]) for neonatal and paediatric transfusions. The respondent

from Spain did not report on the use of anticoagulant and additive

solutions.

The selection of blood group for blood components used in cases

of ABO incompatibility between the mother and the neonate is impor-

tant to avoid the risk of haemolysis due to passively transferred anti-

A/anti-B antibodies. The majority of respondents use group O RBCs

(Rh type specific to the neonate) or RBCs that are ABO compatible

with both the mother and the newborn. Respondents from the UK,

Oman, Singapore, India, Saudi Arabia and Brazil also report the selec-

tion of blood group type based on various scenarios depending on the

ABO group of the mother and the newborn as well as in case the

mother blood group is not known/not available. The respondent from

Italy reports the use of group O RBCs for children until 12 years

of age.

Leukoreduction (LR) is a blood component modification pro-

cess that is used to reduce the risk of febrile non-haemolytic trans-

fusion reactions and decrease the risk of cytomegalovirus (CMV)

transmission. The majority of responding centres report the univer-

sal use of LR for transfusion in paediatric and neonatal patients.

The respondent from India reports the use of LR blood products as

per availability, while Singapore reports use as per request. The

respondent from Uganda reported that LR is not done at their cen-

tre. The respondent from Spain did not provide a response to this

question. T
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Transfusion-transmitted CMV is a concern, especially when trans-

fusing a foetus or a premature neonate as they are at greater risk for

severe disease. The majority (9 of 17) of the respondents report that

they do not screen for CMV serology with two respondents specifying

that they consider leukoreduced RBCs as CMV safe hence do not test

further (Table 2). Respondents from Italy, UK, Canada and The

Netherlands report selected or specific scenarios for providing CMV

seronegative units. Only the respondent from Israel reports universal

screening of CMV for all units. The respondent from Spain did not

report on this question.

Irradiation of blood components is performed to prevent the

transfusion-associated graft-versus-host disease. Policies for the use

of irradiated blood products in paediatric and neonatal patients are

variable. Timing of irradiation is very important with respect to small-

volume aliquots as irradiated units may contain higher level of K+ and

a greater degree of haemolysis in RBCs, increasing over storage [1].

The majority (12 of 17) of respondents report that they irradiate the

aliquots just before issue. Respondents from Israel, Spain and Brazil

report that they keep pre-irradiated aliquots as part of their available

inventory. The respondent from Canada specifies that ‘When the

patient is at particular risk from hyperkalaemia, it is recommended that

red cells be transfused within 24 h of irradiation or that cells have at

least undergone centrifugation and supernatant plasma removal’ [3].

The respondent from Spain reports that their centre does not have an

irradiation facility onsite and thus all units are pre-irradiated. The

respondent from Uganda reports that they do not have irradiation

available at all.

Pathogen reduction (PR) is a technology developed to improve

blood safety. While its use is standard in some countries, others are

assessing feasibility for implementation. Many of the responding cen-

tres (10 out of 17) report that the PR technology is not yet available

or not yet in use at their institutions (Table 2). Respondents from UK

and The Netherlands are using PR blood components but not for pae-

diatric or neonatal patients. The Netherlands also provide parvovirus

B19 safe units to extremely premature and very low birth weight

infants. Respondents from Italy, The Netherlands and UK report the

use of solvent detergent plasma for paediatric and neonatal patients.

Respondents from US and Saudi Arabia report the use of PR platelets

for paediatric and neonatal patients.

Aliquot preparation

Fifteen of 17 respondents report that small-volume aliquots are pre-

pared by the blood centre resulting in standardized and uniform ali-

quots. Respondents from US and Spain report that aliquots are

prepared at the clinical facility (e.g., hospital blood bank). Five of

17 responding centres follow both the strategies of keeping a ready

inventory of aliquots as well as preparing them when they receive a

specific request. Of the remaining 12 responding centres, 6 of them

reported that they keep them ready as part of their inventory and

6 centres prepare them based on the request received (Table 3). Eight

of 17 respondents report that they prepare the volume of the aliquot

based on the volume requested by the clinician. The remaining nine

respondents report that they keep prepared aliquots of ‘prefixed’/
standard volumes, which may range from 45 to 90 ml. Three respon-

dents report dividing the RBC bag into equal parts (India: 3; Canada:

4; UK: 6).

When preparing a small-volume aliquot, a discard volume may be

added to compensate for the loss of the blood component in the tub-

ing or the filter of the transfusion set. Twelve of 17 respondents

report that they do not add any standard discard volume when pre-

paring a small-volume aliquot (Table 3). The remaining respondents

report adding a prefixed blood volume to the small-volume aliquot

(ranging from 10 to 30 ml).

Aliquots for small-volume transfusion may be prepared using a

SCD with transfer to a satellite bag or syringe. The majority of respon-

dents (14 of 17) report the use of satellite/transfer bags of varying

volumes. The respondent from Uganda reports the use of a compo-

nent bag (already attached to the mother bag, without the use of

SCD) to prepare the aliquot. Respondents from US and Brazil report

the use of syringes to prepare the small-volume aliquots (<45 and

50 ml, respectively).

Two respondents report quality control testing for small-volume

aliquots in addition to routine quality control measures done as per

the regulatory requirements (UK: measures volume, haematocrit and

haemoglobin content and checks for haemolysis; Argentina: measures

K+ for aliquots prepared for Intrauterine Transfusion (IUT) and checks

for haemolysis). The remaining respondents report the use of available

inventory of blood components for aliquot preparation, without addi-

tional quality control screening.

Unit allocation and transfusion/infusion practices

Policies and factors which influence RBC units allocated for small-

volume transfusion are variable. Some respondents use any RBC unit

available in the inventory, whereas 12 of the 17 respondents provide

a dedicated unit for multiple future aliquoting for a single patient

whenever possible (Table 3).

Small-volume aliquot preparation may result in change in date of

expiry for the aliquot and/or the mother bag. There is some variability

in this practice due to the method adopted for aliquot preparation.

The majority of respondents (15 of 17) report that they do not change

the date of expiry. Two respondents report that they do change the

date of expiry after aliquot preparation since they use a manual

method for providing the aliquots in syringes (Brazil: 4 h since aliquot

is prepared manually; South Africa: 21 day from donation).

The majority of respondents (15 of 17) report the use of the

remaining volume of blood component in the mother bag for further

aliquoting after they prepare the initial aliquots. Respondents from

Israel and Uganda report that they discard the remaining volume after

preparing the aliquots.

Transfusion of small volumes may be done using gravity or by

infusion/syringe pumps. Various type of infusion and syringe pumps

are used. For neonates, all respondents report the use of infusion/
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syringe pumps. In contrast, aliquot transfusions in paediatric patients

are variable. Nine of 17 respondents report the exclusive use of infu-

sion pumps with five reporting the use of infusion pumps for all blood

components except platelets and remaining three respondents report

the use of gravity as sole method to transfuse aliquots to paediatric

patients. Very small-volume transfusions are only given by syringe

pump in Malaysia (<10 ml), UK and US (<50 ml) and Brazil (<50 ml).

Details of the use of pumps or gravity were not specified by the

reporting centre from Israel.

Significant variability was seen in the rate of transfusion of ali-

quots within the respondents based on the type of blood component

used as well as the clinical condition. Some centres start transfusion

for RBCs at 1 ml/kg/h for first 15 min and then gradually increase the

rate of transfusion, as compared to 10–20 ml/kg/h for other blood

components. Other centres report a standard rate of 5 ml/kg/h with

transfusion over 2–4 h. Many respondents also report that they mod-

ify the rate of transfusion based on the clinical condition of the

patient.

DISCUSSION

Neonatal and paediatric transfusions are provided by hospitals and

blood centres around the world. With advances in component therapy

for neonates, blood product modifications (irradiation, LR, CMV

screening, aliquoting, PR, etc.) along with improved understanding of

transfusion outcomes improve the ability to provide safe and effective

transfusion support to paediatric and neonatal patients. Blood centre

practices for neonatal transfusion are variable [4, 5]. This forum illus-

trates the current status of these practices around the world.

New et al. published one of the most comprehensive guidelines

for supporting the transfusions in foetus, newborns and young chil-

dren [1]. Respondents report that they refer to these guidelines for

their centres. However, this forum highlights that adaption of these

guidelines has not been uniform and local/regional practices may be

variable. The types of blood component aliquoted vary significantly

among our respondents and likely reflect the demand, clinical practice

and resource availability.

Most of the responding centres used Citrate-phosphate-dextrose

solution with adenine/Citrate-phosphate-dextrose (CPDA/CPD) anti-

coagulant for collection and SAGM as the additive solution to store

the RBCs used for routine neonatal transfusions (e.g., ‘top up’). Selec-
tion of ABO blood group for neonatal transfusion also shows marked

variation. Many respondents maintain a ready inventory of group O

RBCs while others provide RBCs based on ABO compatibility of the

mother and infant.

Practices also vary for the use of irradiated blood products, LR

and CMV screening of donors. Most of the responding centres report

that they do not consider CMV serological status for providing blood

to neonates since the seropositivity in donors in their region is very

high. This is a significant finding since most of the guidelines from

western world recommend using ‘CMV safe’ units for neonatal trans-
fusions [1].

Irradiation practices are also highly variable as some respondents

report that they use irradiated cellular blood components for all neo-

nates below the age of 4 or 6 months, whereas other respondents

report the use of irradiated components only for specific indications.

Similarly, majority of respondents report irradiating aliquots just

before the issue of the units while others report that they maintain a

pre-irradiated inventory. LR is standard for most respondents but only

provided on request or based on availability by some.

PR is not available in most of the responding institutions. In coun-

tries where PR technology is available, a few respondents provide PR

units to both adults and paediatric and neonatal patients (Italy, US and

Saudi Arabia), whereas others provide PR units to adults only (The

Netherlands and UK).

These is variability with respect to aliquoting practices. Almost

all the respondents report that the aliquots are prepared at the

blood centre and few respondents add a discard volume to the ali-

quots. A change of date of expiry is made only when components

are aliquoted in syringes using a manual method. SCD use is uni-

formly available with all responding institutions using a SCD to pre-

pare an aliquot using transfer/satellite bags. Some responding

institutions report the use of syringes for providing small volume of

transfusions. None of the responding institutions report screening

for supernatant electrolytes (mainly K+) and majority responding

institutions do not perform any additional quality control testing

for prepared aliquots.

Allocation of unit is also a variable since very few responding

institutions report the use of a dedicated donor unit and instead allo-

cate units based on other factors. Transfusion of aliquots occurs

mainly by infusion/syringe pumps at most responding institutions for

neonates and by gravity for paediatric patients.

CONCLUSION

This forum summarizes the responses from large academic institutions

in 16 countries (17 institutions) across the five continents who sup-

port paediatric and neonatal patients. It highlights an immense degree

of variation in issues like consideration of unit age for preparation of

aliquots, anticoagulant additive solutions used, selection of ABO

blood group for aliquot preparation, volume of aliquot prepared, irra-

diation, unit allocation, mode of transfusion (gravity vs. pumps) and

rates of transfusion. In general, uniformity is seen in the site of aliquot

preparation, LR, CMV serology screening practices, expiry date of the

aliquots, types of aliquot prepared (syringe and bags), quality control

screening of aliquots and the fate of the remaining volume in the

mother bag. The information from this international forum is probably

just the ‘tip of an iceberg’ regarding the degree of variability in com-

ponent preparation or manipulation by blood centres for paediatric

and neonatal patients. To completely understand this variability, a

more detailed survey is recommended. This information may help to

identify and guide research as well as inform the development or

refinement of existing guidelines, which may be adaptable to all

regions of the world.
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SULTANATE OF OMAN

Arwa Z. Al-Riyami, Abdul Hakim Al-Rawas & Saif Al Hosni

Section 1

Our hospital is located in the capital city of the country.

This hospital is a tertiary care referral and teaching hospital that is

university affiliated. It has its own hospital-based blood transfusion

service/blood centre responsible for recruiting donors; screening

and selecting blood donors; whole blood (WB) and apheresis col-

lection; testing, processing and storage of blood components; pre-

transfusion testing, and provide clinical transfusion exclusively for

use within the hospital. In addition, the hospital gets a fraction of

its blood supply from an external blood supplier.

The hospital treats adult, paediatric and neonatal patients.

The hospital has a neonatal intensive care unit (NICU) with 18 beds.

Section 2

a. Our centre supports aliquoting/small-volume transfusions in neo-

nates and paediatrics.

b. We provide small-volume transfusions for red blood cell (RBC) and

plasma components by aliquoting the requested volume of RBCs

and plasma in addition to a small volume to account for tubings.

For platelet (PLT) and cryoprecipitate components, no aliquoting

is performed due to the small volume of the units and the requested

transfusion volume. Most PLT units in our inventory are buffy coat-

random donor PLTs.

Section 3A

i. For neonatal transfusion: fresh units that are <5 days old are

used. However, units within 7 days of the collection can be used

if needed.

For paediatric transfusion: fresh units (<10–14 days old) are used

for patients with underlying haemoglobinopathies (e.g., thalassemia

patients).

ii. All packed red blood cell (PRBC) units stored in the blood bank are

collected in citrate-phosphate-dextrose solution with adenine

(CPDA) anticoagulant and stored in Saline, Adenine, Glucose,
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Mannitol (SAGM) additive solution, whether if used for adults or

paediatric/neonatal patients.

iii. All neonates get ABO/D blood group typing and a direct anti-

globulin test (DAT) performed to determine the type of units to

be selected. Material samples are tested for blood group, anti-

body screen and antibody identification if needed. Historical

records are also checked and compared.

iv. All neonates (<4 months old) receive group O RBC units, regard-

less of their blood group results. If the neonatal and maternal

blood group is O positive, O-positive RBC units are selected. If

neonatal blood group is of any other blood group, or if maternal

blood group is unknown/sample is unavailable, O-negative RBC

units are selected.

If the mother has a previously detected antibody, neonatal DAT test

is positive and/or the antibody screen on the mother is positive, addi-

tional testing is performed to identify the present antibody. Antigen(s)-

negative units for the implicated antibody(ies) are selected, and full indi-

rect antiglobulin test (IAT) cross-match is performed using the maternal or

neonatal sample prior to issue. In the absence of a maternal sample, a full

IAT cross-match is performed using the neonatal sample and O-negative

RBC units. For the rest of paediatric patients, RBC units selected are

either ABO-matched or identical and antigen-negative for any historical

or detectable antibodies. Type of cross-match performed is as per the

procedure done for adult patients (immediate spin in the absence of cur-

rent/historical antibody, full IAT cross-match in the presence of either).

v. All cellular blood components used for neonates are

leukoreduced.

vi. Cytomegalovirus (CMV) testing is not performed on blood

donors at our centre or other blood suppliers in the country.

However, all cellular blood components used for adults and pae-

diatric/neonatal patients in our hospital are leukoreduced.

vii. All cellular blood components issued for neonates are irradiated.

For other paediatric patients, irradiation is performed upon

request from the ordering physician and according to existing hospital

guidelines for irradiation of blood and blood components. Unit irradia-

tion is performed prior to issue.

viii. Pathogen reduction in our centre is not used for paediatric/

neonatal transfusion. All in-house collected PLT components

are tested for bacterial contamination using BacT/Alert micro-

bial identification system.

Section 3B

a. In our centre, unit aliquots are prepared by trained blood bank

staff.

b. Unit aliquots are prepared upon receiving the request. These ali-

quots are made from a pre-set neonatal inventory of reserved RBC

components. This inventory includes group O-positive and

O-negative RBC units that are pre-storage leukoreduced, fresh

<5–7 days old, and negative for sickle cell and G6PD screen tests.

c. The volume to be aliquoted is based on the requested volume with

an additional volume to account for the tubings.

d. A pre-fixed additional volume of 25 ml is added to account for the

tubings.

e. Irradiation is performed on the unit aliquoted to be issued, while

the remainder of the un-irradiated unit is returned to the inventory

for future use.

Irradiation is performed before issue of the cellular blood compo-

nents. This is facilitated by having an irradiator in-house.

f. Unit aliquots are prepared in a separate satellite/transfer bag. A

new sterile satellite/transfer bag is connected to the original bag

using the sterile docking device. For neonates, aliquots are pre-

pared in syringes.

g. A sterile docking device is used to maintain the sterility of the units

during aliquoting in a bag.

h. No additional quality testing is done on the aliquots. All units

stored in the blood inventory are tested for all quality require-

ments as per local standard operating procedures. All units

reserved for neonates in the neonatal inventory of RBC units are

additionally screened for G6PD and sickle cells.

i. Aliquots are not tested for K+ levels. Instead, all units used for neo-

nates are selected to be fresh (<5 days), and irradiation is per-

formed only prior to issue.

Section 4

a. Once an aliquot is prepared from a PRBC unit, the unit is reserved

for future use for the same neonate, until it passes the 5-day

period. Thawed plasma units are kept for 5 days from time of thaw.

Plasma units can, however, be used for another neonate if needed.

b. Once aliquoted and irradiated, the expiration date of the aliquot is

the same as for any irradiated blood component (28 days for

RBCs). However, considering that aliquoting is done when blood is

requested for transfusion and the units are irradiated prior to issue,

units are transfused on the same day of irradiation.

c. The remaining volume is reserved for use for the same neonate

until it passes 5 days from time of collection. After that, it is taken

out of the neonatal inventory and added to the general inventory

of PRBC components for use for other patients. Thawed plasma

units are kept for 5 days from time of thaw, before they are dis-

carded. It, however, can be used for other neonates if needed.

Section 5

a. For neonates: syringes are infused using a syringe pump.
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For paediatrics: PLT units are transfused by gravity. PRBCs and

thawed fresh frozen plasma (FFP) units are infused using infusion

pumps.

b. For neonatal: Alaris™ CC Plus Syringe Pump with Guardrails™

(BD) are used for the syringes.

For paediatrics: Hospira Plum A+ (Abbott) are used for the units.

c. PRBC components: Units start at a slow rate; 1 ml/kg/h, for the

first 15 min. Infusion rate is then increased to 4–5 ml/kg/h if well-

tolerated. Infusion should be completed within 4 h.

PLTs: 10–20 ml/kg/h over 30 min.

Thawed FFP: 10–20 ml/kg/h over 2–4 h.

Cryoprecipitate: 10–20 ml/kg/h over 30–60 min.
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ITALY

Mauro Montanari & Benedetta Costantini

Section 1

The hospital is located in a city, and the catchment area can be

considered as urban.

This hospital is a tertiary centre affiliated with the local medical

school; hence, it is a teaching hospital.

Our trust is made by three hospitals, one of which is a dedicated

maternity/children hospital.

The children hospital has a dedicated NICU with 31 beds.

Section 2

a. Yes, our centre does aliquot of blood components.

b. Yes, we do provide small-volume transfusions for RBC and PLT,

not for FFP.

Section 3A

i. The unit chosen is generally freshly collected. If it needs to be

irradiated, the limit is 14 days prior the irradiation day (e.g., if it

is requested and needs to be irradiated on 14 February), we

choose a unit collected from 01 February onwards [1].

ii. SAGM for RBC, 70% platelet additive solution (PAS) for PLT.

iii. For children up to 12 months of age, the blood group assigned is O

(Rh positive or Rh negative according to the child’s blood group).

iv. All our blood components are leukoreduced pre-storage.

v. For children younger than 12 months and for all the haemato-

oncology paediatric patients, we try to give CMV-negative units.

vi. Irradiation is upon request. For any child younger than 6 months,

we irradiate RBC and PLT. Blood components are irradiated for

all paediatrics haemato-oncology patients.

vii. Ultraviolet light (UV light) and solvent/detergent for FFP

(Kedrion).

Section 3B

a. The blood centre prepares the paediatric aliquots.

b. There are no paediatric aliquots kept in the inventory. Each paedi-

atric aliquot is prepared upon request, based on the volume

needed by the patient.

c. The volume to be aliquoted is prepared upon request by the clinical

team. There are no paediatric aliquots kept in our repository.

d. Generally, an amount of 10 ml is added for the tubing.

e. We do not keep pre-irradiated units in our repository. The units

are irradiated just before transfusion.

f. We do prepare paediatric aliquots in a satellite bag, which is

attached in a sterile way to the mother bag.

g. The satellite bag is attached by a sterile docking device. We do not

manually puncture the bag, hence no need to work under a laminar

flow hood.

h. We do not conduct quality control (QC) testing of the aliquot pre-

pared. If there is a blood transfusion reaction (febrile or not), we

follow our local protocol.

i. We do not routinely screen the aliquots for supernatant electrolyte

levels (the reason is that we always use fresh ‘mother units’ and we

do not pre-emptively irradiate blood components).

Section 4

a. When a newborn needs a blood transfusion (RBC), we routinely

allocate a single unit in all cases.

b. The aliquot prepared has the same expiration date of the mother

bag. The expiration date of the mother bag never changes, We do

not irradiate mother bag older than 14 days.

c. The volume in the mother bag is kept in a separate inventory along

with mother bags for other infants. Further aliquots are provided from

the same mother bag till there is enough volume and/or for maximum

14 days since the date the bag was collected (date of donation).
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Section 5

a. Our NICU uses a pump to transfuse the aliquots.

b. The type of pump is Braun.

c. The infusion rate depends on the clinical conditions of the patients.
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MALAYSIA

Christina Lee Lai Ling, Norliza Mustafa & Chan Kok Joo

Section 1

Our hospital is a 1600 bedded University Hospital, located in a city.

It is a tertiary teaching hospital.

Our hospital treats both adults and children.

Our NICU has 27 beds.

Section 2

a. Yes, our centre support aliquoting/small-volume transfusions in

neonates and paediatrics.

b. We provide small-volume transfusions for RBCs and random donor

PLTs.

Section 3A

i. Our unit age is less than 5 days.

ii. Anticoagulant/additive solution is citrate-phosphate-dex-

trose (CPD).

iii. For neonates and infants less than 4 months:

Group O RhD-positive aliquoted units are provided for all infants

if they require small-volume transfusions. If either the mother or neo-

nate is O RhD negative, we will provide group O RhD-negative units.

For paediatric patients above 4 months:

We will provide group specific units.

iv. For units issued to infants less than 4 months, we provide leukor-

educed units.

For patients above 4 months of age, leukoreduced units are sup-

plied based on clinical needs and indications.

v. CMV testing is not performed routinely.

vi. Blood products issued for neonatal exchange transfusion are irra-

diated on-site. Irradiated blood is also provided for any indica-

tions that fall within specified guidelines.

vii. Not applicable.

Section 3B

a. Aliquots are prepared in the blood component preparation facili-

ties, which are attached to the transfusion laboratory.

b. We aliquot a set of RBC pedipack (split 4–6), group O RhD-

positive minimum of one set, at any time for inventory usage.

Whenever we have special case request (i.e., RhD-negative infant,

or other blood group request, we will prepare on demand).

c. We prepare a standard volume of 50–60 ml.

d. No, we do not add a standard discard amount in aliquots to

account for the tubing and so forth.

e. We irradiate on demand, as per indication, right before

transfusion.

f. We prepare aliquot RBC concentrate (RCC) in satellite/transfer

bag. We will use PLT transfer bag if there is a clinical request of

smaller volume PLT.

g. We use sterile docking device during aliquoting.

h. We do not conduct any QC testing of the aliquots prepared. QC is

based on testing of the parent RBC units.

i. We do not screen the PRBC unit aliquots for potassium level.

Section 4

a. We do allocate a single adult unit for one newborn, when there is

special request, especially in a frequently transfused newborn.

b. As we aliquot using close system, the expiration date and time

remain the same as the mother bag. However, if we perform irradi-

ation on the blood bag, we will shorten the expiry date as per irra-

diation protocol.

c. We keep providing further aliquots until expiration date.

Section 5

a. Both methods are employed. For blood volume 10 ml and less, we

will use the infusion/syringe pump method. For blood volume

exceeding 10 ml, we will use the gravity method.
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b. We are currently using Terumo, Nur Medic and Agilia infusion/

syringe pumps.

c. We aim to complete the transfusion over 4 h. For example, if 10 ml

of blood volume is required, we will administer at a rate of 2.5 ml/h.
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INDIA

Hari Krishan Dhawan, Sheetal Malhotra & Ratti Ram Sharma

Section 1

Our hospital is a regional tertiary care teaching and training hos-

pital catering to seven neighbouring states in North India.

It is tertiary care hospital with teaching courses for specialization

and superspecialization in all medical and surgical branches.

Our hospital treats both adults and children, but we have an

advanced paediatric centre for catering exclusively to children.

We also have a dedicated neonatal unit including NICU and a

thalassemia unit.

Yes, we have NICU with 40 beds.

Section 2

a. Yes, our centre provides PRBC aliquots for small-volume transfusion.

b. We prepare PRBC aliquots, and for PLT transfusion, we provide ran-

dom donor PLTs derived from WB. In addition, we also prepare ali-

quots from single-donor apheresis platelet (SDAP) units mainly for

haemato-oncology paediatric patients, usually three paediatric units

(volume 70–80 ml each) from one SDAP unit (volume 220–240 ml).

Section 3A

i. We use less than 7-day-old units for aliquots [1].

ii. We prefer additive solution bags as they are also leukoreduced.

iii. Neonatal group: for paediatric patients until 4 months of age, we

issue blood components that are ABO compatible with both

maternal and the neonatal blood group [1]. Pre-transfusion com-

patibility testing is also done with both maternal and neonatal

blood sample. In addition, we perform DAT on the neonatal sam-

ple and antibody screen on the maternal sample. In case it is pos-

itive, further immunohaematology work-up is performed.

iv. We prefer leukoreduced bags, but as we are not doing universal

leukoreduction, we sometimes use non-leukoreduced PRBC.

v. We do not check for CMV seronegative status.

vi. We irradiate for intrauterine transfusion (IUT) but not for top-up

transfusions. Irradiation is also done for exchange transfusions in

patients for whom IUT was performed [2]. We sometimes issue irra-

diated units if requested by the clinicians for specific indications.

vii. We do not perform pathogen reduction.

Section 3B

a. The blood centre prepares the aliquots.

b. For Rh-positive groups, we maintain the inventory of aliquots, but

for Rh-negative groups, we prepare them on-demand.

c. As we maintain an inventory of Rh-positive groups, we usually

divide the adult unit into three equal parts so the volume of our

pedibags varies from 70 to 90 ml. For Rh-negative groups, we pre-

pare volume of the pedibag as requested by the clinical team.

d. We have pre-fixed aliquot volumes and the transfusion service

uses as much volume as needed. For paediatric patients less than

1 year of age, the volume for pedi units is 70–90 ml. For patients

in the age group of 1–3 years, the volume is 100–120 ml, that is

two units are prepared from a single adult PRBC unit.

e. We irradiate the aliquots for IUT right before the transfusion.

f. We either use a new sterile transfer bag or two satellite bags sepa-

rated from a new sterile triple bag having Y port attached to two

bags. (This save us on the cost of one sterile connection.)

g. We use a sterile connecting device.

h. We do not perform QC for paediatric aliquots as we are testing

1% of our adult bags for QC.

i. We do not screen the PRBC units for supernatant electrolyte levels

(K+) before transfusion in newborns, unless specified. In our setting,

the transfusion practice is to issue fresh (up to 7 days old) PRBC

units for neonatal transfusion.

Section 4

a. We allocate a single adult unit for a newborn if multiple transfu-

sions are anticipated as in severe anaemia, top-up transfusions for

haemoglobin build-up for a major surgery (cardiac/abdominal sur-

gery), coagulopathies, disseminated intravascular coagulation,

patients on extracorporeal membrane oxygenation (ECMO). As we

prefer relatively fresh units for neonatal transfusions, it is not feasi-

ble to routinely reserve dedicated donor units for all the neonates

except for the above indications.
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b. As we prepare the RBC aliquots by close system using sterile con-

necting device, the expiry date of the units is not altered.

c. We use the entire volume of the adult unit for preparing the paedi-

atric units. Some volume (10–15 ml) is left in the tubing of the main

bag that is discarded. We store the aliquots until the expira-

tion date.

Section 5

a. We use an infusion/syringe pump for transfusion in neonates.

b. We use a syringe pump at our centre.

c. The infusion rate of RBC aliquot is 1–2 ml/min, over 4 h.
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UNITED KINGDOM

Helen New, Rachel Moss & Jane Davis

Section 1

Our hospital is located in a city. The blood service supplier (NHS

Blood and Transplant [NHSBT]) is national, located in several cit-

ies across England.

The hospital is a national paediatric tertiary referral centre.

The hospital is a dedicated children’s hospital. NHSBT supplies

blood products for both adults and children.

The hospital has a NICU with 14 beds, a cardiac intensive care

unit with 21 beds that takes newborns for cardiac surgery

and ECMO.

Section 2

a. NHSBT provides small-volume components with a ‘neonatal/
infant’ specification for neonates and infants [1]. Children from the

age of 1 are provided with the same components as adults.

b. NHSBT provides small-volume RBCs (six splits from a single donation

pack), PLTs (four splits from a single apheresis donation), FFP (four

splits from a single donor) and cryoprecipitate (single donation).

Section 3A

i. Routinely, NHSBT will choose the freshest units available to split

into aliquots to fulfil hospital requests and stock requirements.

RBCs can be split at any time up to Day 35 of the primary compo-

nent shelf life. If irradiation is required, it must not occur past Day

14 following donation. Apheresis PLTs can be split at any time up

to Day 7 of the primary component shelf life, in practice the earli-

est is Day 2 after donation, following receipt of bacterial screening

results (irradiation can take place at any time during the split com-

ponent shelf life). Plasma can be split at any time during the shelf

life of the primary component (1095 days) and the split compo-

nent retains the same shelf life. Plasma is frozen (pending testing

results) and defrosted prior to splitting and re-freezing.

ii. RBCs for small-volume aliquots are in SAGM (saline–adenine–

glucose–mannitol). PLTs for neonates and infants are in plasma

with 20% SSP + PAS.

iii. RBCs for small-volume aliquots are mostly provided to hospitals

as group O D-negative. A small proportion are group O D-posi-

tive, and even fewer are group A or B, requested by only a few

hospitals. Our national transfusion guidelines [1] specify that

units must be ABO and D compatible with both maternal and

infant groups for infants less than 4 months of age.

PLTs for neonates and children are recommended to match the

recipient ABO group wherever possible and to be compatible for D. If it is

necessary to use non-identical ABO PLTs, they should have tested nega-

tive for high-titre anti-A and anti-B. A hierarchy of alternative choices of

ABO group is given, minimizing the use of PLTs with minor ABO incom-

patibility, in particular avoiding group O for non-O recipients [1].

Plasma components for neonates and children are recommended to

be compatible with recipient ABO group. If in emergency alternative

groups are given, the principles of the alternative choices are as for

PLTs, but group O plasma is only given to group O paediatric recipients.

iv. Blood components in the United Kingdom are universally

leukoreduced.

v. RBCs and PLTs for neonates and infants are provided from CMV

seronegative donors.

vi. RBCs for small-volume transfusions and PLTs for neonates and

infants are irradiated if there has been a previous IUT (for up to

6 months of life) or if there is evidence of a severe congenital T-

cell immunodeficiency [2]. Other indications that apply to older

recipients also apply to infants where relevant.
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vii. NHSBT does not provide pathogen-reduced blood components

for neonates and infants, However, solvent/detergent FFP is

commercially available and is used by this hospital. Further infor-

mation on blood components provided for neonates and children

in the United Kingdom is in our national guidelines [1, 3].

Section 3B

a. The aliquots are prepared by the blood centre (NHSBT).

b. The aliquots prepared by NHSBT will mostly be held in stock for

issue but will be prepared on request if the appropriate component

is not available.

The hospital requests and holds in stock six group O D-negative ali-

quots from the same donation, and issues them as required to patients.

c. For RBCs, a standard volume, mean 45 ml, is prepared by evenly split-

ting the volume from a single donation into six. Similarly, for PLTs and

plasma, the volumes are determined by evenly splitting individual dona-

tions. However, the PLTs are split after the addition of PAS to the origi-

nal apheresis PLT donation, giving a mean final aliquot volume of 63 ml.

d. See above.

e. At this hospital, irradiation is done immediately before the aliquot

is issued for transfusion. However, it is important to note that the

majority of hospitals in the United Kingdom do not have the facility

to irradiate blood components.

NHSBT irradiates either single aliquots or sets of six RBC aliquots

from the same donor at the time of the request from the hospital,

depending on the number of aliquots requested. The process is the

same for small-volume PLTs.

f. All aliquots are prepared by docking a set of connected transfer

bags (four for PLTs and plasma or six for RBCs) to the primary com-

ponent using a sterile connection device.

g. Neonatal/infant small-volume components are all produced by NHSBT

in a closed system using integrated blood sets designed for the purpose,

attaching them to the primary pack with a sterile connection device.

h. Quality monitoring by NHSBT is undertaken for all blood components

according to the ‘Guidelines for the Blood Transfusion Services in the

UK’ [4] at a sampling frequency determined by statistical process con-

trol rather than the alternative option of a fixed 1% of the total com-

ponents produced. Testing for parameters not impacted by splitting is

performed on the primary pack, for example, residual white cell counts

to confirm conformance to leukodepletion specification.

The individual components have specific additional quality moni-

toring parameters:

RBCs for neonatal small-volume aliquots: Volume, haematocrit

and haemoglobin content. Haemolysis is only measured at expiry with

annual process revalidation of 20 units.

PLTs: Volume and PLT yield. pH is only measured at expiry on 1%

of units (a minimum of 90% tested should be at least pH 6.4).

FFP: Volume and factor VIII. The primary adult-dose FFP having

additionally been tested for total protein, residual PLT count, and

residual RBC count.

Cryoprecipitate: Volume, factor VIII and fibrinogen, factor VIII.

i. The hospital does not screen.

Section 4

a. For the majority of general hospitals with neonatal patients requir-

ing transfusions, the transfusion laboratory will usually allocate a

number of aliquots from the same donation, based on the baby’s

gestational age (e.g., born before 30 weeks), as these patients may

require repeated RBC top-ups (often due to iatrogenic causes). The

hospital used for this survey is a dedicated children’s hospital,

which manages a high number of neonates, both pre-term and

term, requiring treatment for a number of medical and surgical con-

ditions. These patients are complex requiring frequent support of

blood (both aliquots and large-volume packs) and blood compo-

nents. Therefore, this hospital issues aliquots from the same dona-

tion for each transfusion episode but does not allocate dedicated

units for each patient in advance.

b. The expiration date/time of the aliquots prepared are the same as

that of the original donation—while splitting occurs during the shelf

life of the primary component, the aliquot shelf life must not

extend past the expiry of the original component. For small-

volume RBCs, it is 35 days; for PLTs, it is 7 days and for FFP and

cryoprecipitate are 36 months while frozen.

If RBCs are irradiated, the shelf life is reduced to 14 days fol-

lowing irradiation (a maximum of 28 days following donation,

depending on the date of irradiation). PLT shelf life is unaffected by

irradiation.

c. As described above, the mother bag is entirely split between the

individual aliquots during preparation.

Section 5

a. Small-volume transfusions are delivered using a small-volume

blood giving set (1.5-ml prime) with a 200-μM filter, which is then

attached to a syringe and the blood is given using a syringe pump.

b. We use a Becton Dickinson Alaris neXus CC syringe pump.

c. The infusion rate recommended at our centre is:

RBCs 5 ml/kg/h.

PLTs 10–20 ml/kg/h.

Plasma 10–20 ml/kg/h.
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CANADA

Nancy Robitaille & Valérie Arsenault

Section 1

The Centre Hospitalier Universitaire (CHU) Sainte-Justine is

located in a metropolitan area.

It is a tertiary academic hospital affiliated to the Université de

Montréal.

The hospital is a dedicated mother and child facility; the main

patient population is paediatric, but pregnant women and

women with reproductive issues are also treated.

The hospital has a 65-bed NICU.

Section 2

a. CHU Sainte-Justine’s blood bank performs its own aliquoting in neo-

nates and paediatrics. We have two sterile docking devices on site. In

the event we could not support aliquoting, our local blood supplier,

Héma-Québec, can provide a container with five satellite bags

attached to the AS-3 RBC bag or to a unit of apheresis PLTs. The

hospital can divide the volume as required using a sterile connection.

b. We provide small-volume transfusion for RBCs and PLTs. Aliquoting

is performed for PLTs as they are received as apheresis PLTs or as

buffy-coat-derived PLTs pooled from five different donors.

Section 3A

i. There is no restriction regarding the age of the unit for perform-

ing aliquoting.

ii. For RBCs units, either AS-3 RBC prepared from WB collected in

a CP2D anticoagulant or SAGM RBC collected in CPDA antico-

agulant are distributed by our blood centre. Pooled PLTs are pre-

pared from WB collected in a CPDA anticoagulant solution,

whereas apheresis PLTs are collected in acid citrate dextrose

(ACD)-A [1]. All the anticoagulant/additive solutions are deemed

adequate to perform small-volume aliquots.

iii. There is always one group O Rh-positive and one group O Rh-

negative RBC unit aliquoted ready for distribution for newborns

in the NICU. For neonates, group O RBC units are used for the

majority of patients except for patients undergoing cardiovascu-

lar surgery where same group RBC transfusion is allowed if there

is no anti-A and/or anti-B of maternal origin in the newborn’s

plasma/serum in accordance with CSA-Z902:20CSA Standards

[2]. For recipients other than neonates, aliquoting with respect

to blood group is performed on demand provided that the

patient’s blood group has been determined on two different

samples.

iv. Since 1999, all labile blood products, except for granulocytes,

are leukoreduced pre-storage by the blood supplier.

v. Since all RBC units and PLTs are leukoreduced, the risk of CMV

transmission through transfusion is negligible. The only indica-

tion for the use of CMV seronegative products suggested by

The National Standard of Canada on Blood and Blood Compo-

nents, CAN/CSA-Z902:20 is IUT [2].

vi. As our institution has an irradiator on site, irradiation of aliquots

is performed prior to distribution to the ward to avoid hyperka-

laemia. However, in the event that aliquoting occurs post-irradia-

tion, our local policy is to remove the supernatant if the unit has

been irradiated for more than 24 h and the recipient is less than

10 kg. This policy is aligned with the recommendations for use

of irradiated blood components in Canada, which states that

‘Where the patient is at particular risk from hyperkalaemia, it is

recommended that RBCs be transfused within 24 h of irradiation

or that cells have at least undergone centrifugation and superna-

tant plasma removal’ [3].
vii. At the time of this survey, pathogen reduced blood components

are not available in the province of Quebec.

Section 3B

a. The aliquoting is done in the hospital blood bank by accredited

medical laboratory technologists.

b. There is always one group O Rh-positive and one group O Rh-

negative RBC unit aliquoted and ready for distribution for new-

borns in the NICU. Apart from these two units, aliquoting with

respect to blood group is performed on demand.

c. For RBCs intended for paediatric patients, the volume to be ali-

quoted is based on the volume requested by the clinical team. The
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usual volume is 15 ml/kg. For neonates, our procedure is to split

the unit in four equal parts. An aliquot can be divided again in two

other parts if clinically indicated.

For PLTs, the volume in the transfer bag is also based on the vol-

ume requested by the clinical team with the caveat that a minimum of

100 ml must be kept in the mother bag, as per the manufacturer’s

package insert. Therefore, the clinical team knows that the aliquot

may contain a greater quantity than what was ordered. Since all trans-

fusions are done by infusion pump, the exact amount to be transfused

is programmed by the nursing staff.

d. For RBCs, the volume in each aliquot is pre-fixed in the sense that

the volume in the mother bag is split equally between the satellite

bags (usually two or four satellite bags). Thus, no discard amount is

added, but the technologists verify that the volume of the aliquot

is slightly above the volume requested. The nursing staff programs

the volume on the infusion pump according to the physician’s

order. The procedure is similar for PLTs, but we split only into two

aliquots.

e. As our institution has an irradiator on site, irradiation of aliquots is

performed prior to distribution to the ward to avoid hyperkalaemia.

However, in the event that aliquoting occurs post-irradiation, our

local policy is to remove the supernatant if the unit has been irradi-

ated for more than 24 h and the recipient is less than 10 kg or for

massive transfusions.

f. For RBCs and PLTs, aliquots are prepared by attaching a new sterile

transfer bag. Aliquots in a syringe were prepared in the past for

NICU patients, but this procedure was abandoned many years ago.

The pentabag is available from our blood supplier, but we do not

use it routinely.

g. All aliquoting procedures are performed at the blood bank

using a sterile docking device to attach the transfer or satellite

bag to the mother bag. If the sterile connection is compromised

during the procedure, then the bag will be punctured manually

under a laminar flow hood and transferred into a new trans-

fer bag.

h. The National Standard of Canada on Blood and Blood Compo-

nents, CAN/CSA-Z902:20, clause 7.3 provides regulatory guide-

lines on sterile connecting devices [2]. At our institution, QC for

the sterile docking devices is provided by the manufacturer and is

done 3 times/year. As per the CSA Standard, each sterile weld is

tested for integrity.

i. As per CSA-Z902:20 Standard, clause 7.12, RBCs shall be irradiated

only up to 28 days after collection and should be transfused as

soon as possible. They shall be transfused no later than 14 days

after irradiation and no later than 28 days after collection [2]. RBCs

are not screened for supernatant electrolyte levels before transfu-

sion in newborns. However, if the RBC unit has been irradiated for

more than 24 h, the supernatant will be removed by centrifugation

for children less than 10 kg to avoid hyperkalaemia. Supernatant

removal is also done for massive transfusions in children less

than 10 kg.

Section 4

a. Routine dedicated donor units for one newborn were used rou-

tinely until February 2014. Based on the publication of the ARIPI

study [4], we changed our procedure to the following: one group O

Rh-positive and one group O Rh-negative RBC unit are aliquoted

and ready for distribution for newborns in the NICU. The units

chosen are usually less than 7 days of age when aliquoting is per-

formed, but it is allowed up to 15 days. Given the high demand for

RBC units, newborns in the NICU are transfused with relatively

fresh units. If requested by the clinical team, a dedicated unit for a

specific newborn is available. However, no requests have been

made since we changed our procedure in 2014.

b. The expiration date/time of the aliquot prepared is the same as for

the mother bag if the aliquoting is done using a sterile docking

device and if the weld maintains its integrity. If the weld is unable

to maintain its integrity, the blood component is considered an

open system and the expiration time is reduced to 24 h for RBCs

and to 4 h for PLTs.

c. For RBCs and PLTs, we keep providing aliquots until the expiration

date. For PLTs, we aim to keep 100 ml or more in the mother bag,

as per the manufacturer’s package insert. If there is less than a

100 ml in the mother bag, it is discarded.

Section 5

a. As per our hospital policy, all transfusions should be infused through an

infusion pump, including aliquots for neonates and paediatric patients.

b. At our institution, the infusion pumps currently in use are the

BBraun (Infusomat).

c. The recommended infusion rate is 1 ml/kg/h for the first 15 min,

and after that, the infusion rate is calculated by dividing the

remaining volume to be transfused by the duration of the transfu-

sion ordered by the physician (usually 3 h for elective top-up

transfusion).
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UNITED STATES

Nabiha H. Saifee & Ann-Marie Taroc

Section 1

Our hospital is located in a city. As the only academic paediatric

medical centre for five states (Washington, Wyoming, Alaska,

Montana and Idado), our hospital services the largest geographic

area of any children’s hospital in the United States.

Our hospital is a tertiary care/teaching hospital with over

370 beds and over 1000 total physicians in training. We are a

major paediatric extracorporeal life support (ECLS) referral cen-

tre with about 50 children per year receiving ECLS support in

our intensive care units (ICUs). We perform over 500 heart sur-

geries in paediatric patients per year. We also have active solid

organ transplant services with over 40 liver, kidney and small

bowel transplants per year and about 10–20 heart transplants

per year. We support ABO-incompatible heart, liver and haema-

topoietic progenitor cell transplants. We support over 100 hae-

matopoietic progenitor cell transplants per year and a growing

number of patients receiving CAR T-cell therapies for both blood

and solid organ tumours.

Our hospital is primarily a dedicated children’s hospital, but does

treat a small number of young adults with cancer for both hae-

matopoietic progenitor cell transplants and CAR T-cell therapies.

Yes, we have a 36-bed level IV NICU that can provide multiple

services for complex conditions and complications that present

at birth or develop soon after delivery including ECMO, thera-

peutic hypothermia, continuous renal replacement therapy, peri-

toneal dialysis, paediatric medical and surgical subspeciality

services.

Section 2

a. Yes, we support aliquoting of RBCs and PLTs. Generally, aliquots

are provided for volumes less than 150 ml.

b. We provide small-volume transfusion for all blood components,

but only aliquot RBCs and PLT on-site. Small-volume RBC and PLT

orders less than 45 ml for the NICU are provided in syringes with

10–20 ml extra volume provided for priming of tubing. We receive

divided group AB plasma with about 50 ml per paediatric plasma

unit from our blood supplier. Our blood supplier also provides sin-

gle cryoprecipitate units with volumes of about 10–20 ml. Granu-

locyte transfusion orders are usually �10 ml/kg and a request for

smaller volume collection can be made to blood supplier.

Section 3A

i. Fresh RBC units less than 7 days from collection are generally

used for small-volume aliquots unless a patient has a RBC unit

already allocated (or dedicated) to them.

ii. We utilize RBC units stored in AS-1 or AS-3 for all transfusion

indications whether small-volume or large-volume transfusion

expected.

iii. For patients less than 4 months of age, we provide group O Rh-

type specific blood components that are negative for detected

antibodies (presumed to be passively acquired from mother). For

patients ≥4 months of age, ABO-type-specific or compatible

RBCs may be provided.

iv. All of our RBC and PLT units are leukoreduced by the blood

supplier.

v. We consider leukoreduced RBCs to be CMV safe and do not

provide CMV-negative RBCs for any indications at our institu-

tion [1].

vi. All of our PLTs are either irradiated or psoralen-treated. All

patients at our institution will receive irradiated RBCs until irradi-

ation requirement is removed from patient transfusion profile by

a transfusion service physician. Irradiation requirement is kept

on patient record for patients less than 4 months of age, with

known immunodeficiency, with diagnosis of malignancy, with

congenital heart disease under 2 years of age, or with haemato-

poietic progenitor cell transplant.

vii. We do not have pathogen-reduced RBCs, but we do utilize

pathogen-reduced psoralen-treated PLTs in patients. We do not

limit pathogen-reduced psoralen-treated PLTs to any particular

patient group and use them interchangeably with conventional

PLTs. We preferentially utilize PLTs in plasma instead of PLTs in

PAS-C for massive transfusion, cardiac surgery, liver surgery and

patients otherwise coagulopathic receiving plasma transfusions.

If patients are noted to receive poor increment with a psoralen-

treated PLT in PAS-C, we may recommend utilizing PLTs in

plasma to improve increments.

Section 3B

a. We prepare aliquots on-site in our clinical facility.

b. We prepare the aliquots when we receive the request.

c. The volume to be aliquoted is based on the volume requested by

the clinical team for RBCs and PLTs. For small-volume orders of

plasma or cryoprecipitate, we provide a paediatric 50-ml plasma

unit or a number of single cryoprecipitate units with about 10–

20 ml per single cryoprecipitate.

d. For RBC and PLT aliquots, we provide extra 10–20 ml to account

for losses in tubing. For plasma orders, we can provide a fixed vol-

ume of about 50 ml per paediatric plasma unit. Our blood supplier

only divides group AB plasma; thus, a full-size adult ABO-type-

specific plasma unit may be provided for patients requiring fre-

quent plasma transfusion.
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e. We irradiate RBC units and aliquots right before transfusion and

consider RBC units freshly irradiated if irradiated within 8 h from

expected transfusion time. Apheresis PLTs that are not psoralen-

treated are pre-irradiated.

f. We generally prepare aliquots of RBCs and PLTs by sterile welding

a single new sterile transfer bag to the parent bag. After irradiation

of RBC aliquot in the transfer bag, the RBC aliquot less than 45 ml

may be transferred to a syringe using a syringe set including a

150-μm filter. For small-volume PLT orders less than 45 ml, a

syringe set may be directly sterile welded to the parent bag.

g. We always sterile weld the transfer bag or syringe to the parent

bag. Each weld is visually inspected for alignment and leakage to

ensure that the systems remain closed.

h. We do not routinely conduct any QC testing on the prepared ali-

quots other than the examination of each sterile weld.

i. We do not screen RBC units or aliquots for supernatant electrolyte

levels (K+) before transfusion.

Section 4

a. Yes, we do allocate single adult RBC units for neonates when

requested and for patients receiving antigen-matched RBC transfu-

sions (e.g., patient receiving transfusions for haemolytic disease of

the foetus and newborn or sickle cell anaemia). Two patients may

be assigned to the same dedicated RBC unit to allow for better

inventory utilization. Rarely, we aliquot a PLTs for a patient less

than 20 kg receiving HLA- or HPA-matched PLTs.

b. Our RBC units are in either AS-1 or AS-3 additive solutions. We allow

aliquoting of dedicated non-irradiated RBC units up to Day 42 and

retain 42-day expiration of non-irradiated parent and divided RBC units.

RBC aliquots that are irradiated will have expiration shortened to

28 days from date of irradiation if the component has more than a

28-day shelf life at the time of irradiation; otherwise, if RBC aliquot is

irradiated after aliquoting from a unit with 28 days or less shelf life, then

the original shorter expiration is retained. Two patients may be assigned

to a dedicated RBC unit to allow for better inventory utilization.

We currently only have apheresis PLTs in our inventory. Our

apheresis PLTs with psoralen-treatment in PAS-C or plasma have a

5-day shelf life, and we retain the 5-day shelf life as long as the parent

Intercept® blood system bag has minimum volume of 170 ml. This

minimum volume is conservative and based on personal communica-

tion from Cerus. We are considering internal validation of a lower

minimum volume for PLTs suspended in PAS-C or plasma in the Inter-

cept® bag to maintain 5-day shelf life as the bag surface area to vol-

ume ratio can impact PLT quality. PLTs collected in the Fenwal

Amicus® separator system and suspended in PAS-C with large volume

delayed sampling for mitigation of bacterial contamination have a

5-day outdate, and we utilize a minimum storage fluid volume of

100 ml for these Amicus® PLTs collected in PAS-C to retain 5-day

shelf life of the parent bag. For PLTs suspended in plasma stored in

the Terumo BCT extended life PLT storage bags, we retain a 7-day

shelf life per Terumo BCT bag manufacturer instructions/validation.

Since our PLT aliquots are divided into transfer bags that are not gas

permeable or divided into syringes, we assign a 4-h outdate to each

PLT aliquot. In accordance with the U.S. Food and Drug

Administration–recognized Circular of Information for the Use of

Human Blood and Blood Components, our transfusion service allows

the care team to start the aliquot transfusion before expiration and

then allows 4 h after start of transfusion to complete the transfusion.

c. We will continue to aliquot RBCs from the parent bag until it is

exhausted or expired. We will continue to aliquot PLTs from the

parent bag until the date of expiration as long as the minimum stor-

age volume for our institution is met: 100 ml for PLTs in the Fen-

wal Amicus® or Terumo BCT PLT storage bags and 170 ml for

PLTs in Intercept® blood system PLT bags. If the parent bag vol-

ume falls below the minimum storage volume, then the parent bag

is given a 4-h outdate and must be issued for transfusion before

expiration or discarded.

Section 5

a. Our organization’s policy recommends administration of ali-

quots via an infusion pump. The procedure may vary, depend-

ing on the aliquot volume. Small volumes (less than 50 ml) may

require the transfusionist to draw the products through a neo-

natal/paediatric syringe set to filter into a syringe. RBCs pre-

pared in a pre-filtered syringe, and aliquots drawn into a

syringe infuse via the pump through macrobore tubing. Larger

volume aliquots are delivered via an infusion pump with blood

tubing set.

b. Our organization currently uses BD Alaris™ PC unit with both the

large volume and syringe modules.

c. At our centre, the rate of transfusion starts at 2 ml/kg/h (limited to

120 ml/h) for at least the first 15 min. If transfusion is tolerated

without signs of transfusion reaction after 15 min, the transfusion

rate can be increased to a maximum of 8 ml/kg/h for PLTs, cryo-

precipitate or plasma. For RBCs, the maximum transfusion rate is

5 ml/kg/h up to 300 ml/h.

REFERENCE
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Patel R, et al. Postnatal cytomegalovirus infection: a pilot compara-

tive effectiveness study of transfusion safety using leukoreduced-
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ISRAEL

Naomi Rahimi-Levene & Victoria Peer

Section 1

The hospital is located in a city.

It is a teaching hospital.

The hospital treats both adults and children.

Yes, we have a NICU, with 19 beds.

Section 2

a. Yes. The centre supports small-volume transfusions.

b. We provide small-volume transfusions for plasma and for packed

cells.

Section 3A

i. Unit age: Up to 1 week from donation.

ii. Anticoagulant/additive solution: CPDA.

iii. Packed cells: Only O positive/negative. PLTs: random blood

group. Plasma: AB.

iv. Leukoreduced packed cells and PLTs.

v. CMV seronegative status: CMV negative or CMV-safe blood

products.

vi. We use irradiated packed cells and PLTs.

vii. Pathogen reduction status: Not in use.

Section 3B

a. The aliquots are prepared by the National Blood Services, Magen

David Adom.

b. The aliquots are the part of the inventory.

c. The standard volume aliquots are prepared in the National Blood

Services, Magen David Adom.

d. We have fixed aliquot volumes and the medical personnel uses as

much volume as needed.

e. All units are pre-irradiated by Magen David Adom, Israeli Blood

Services Organization.

f. Aliquots are prepared by using new sterile satellite bags. They are

not attached with the mother bag but connected by sterile connec-

tor device.

g. The aliquots are prepared by the National Blood Services, Magen

David Adom. They ensure sterility by using a sterile connector

device.

h. Magen David Adom performs QC testing of the

mother bags.

There are regulatory guidelines for QC parameters.

The parameters for packed cells are: volume (1% of all packed

cells being tested), haematocrit (at least four bags a month), haemo-

globin (at least four bags a month) and haemolysis at the end of stor-

age (at least four bags a month).

i. No, we do not screen K+ levels before transfusion.

Section 4

a. Yes, we make efforts to dedicate one adult packed cell unit divided

into four satellite bags for one newborn.

b. We do not determine the expiration date and do not change the

expiration date of mother bag.

We try to use an aliquots for a week after the donation of

mother bag.

c. We discard the main bag with remaining volume.

Section 5

a. The hospital unit uses the regular infusion method for transfusion.

b. Not applicable.

c. Transfusion rate is 10–15 ml/kg for 2–3 h and the transfusion

should be completed within 3 h.

Naomi Rahimi-Levene

Blood Bank, Shamir (Assaf Harofeh) Medical Center, Zerifin, Israel

Email: nrlevene@shamir.gov.il

Victoria Peer

Blood Bank, Shamir (Assaf Harofeh) Medical Center, Zerifin, Israel

Email: victoriap@shamir.gov.il

SAUDI ARABIA

Maha Badawi

Section 1

Our hospital is located in the city of Jeddah, Saudi Arabia.

Our hospital is a tertiary care academic centre.

Our hospital treats adults and children.

Yes. The NICU has 25 beds.

Section 2

a. Yes. Our centre supports aliquoting for neonates and paediatric

patients using sterile techniques.
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b. We provide aliquoting mostly for RBCs. Whole-blood derived

PLTs are not typically aliquoted because of their small volume,

and plasma is rarely aliquoted as this is not cost effective in our

centre with a shelf life of 24 h after thawing plasma from frozen

state.

Section 3A

i. For neonatal transfusions (<4 months of age), we aim to provide

units that are less than 7 days from collection. For older children,

we do not have a similar restriction apart from the expiry date of

the unit.

ii. For neonatal transfusions, our policy states use of CPD collected

blood (without adenine or SAGM). We do not specify similar

requirements for older children.

iii. When the maternal and neonatal samples are both available,

our policy states providing RBCs that are compatible with

both blood groups. If the maternal sample is not available, O

RBCs are chosen. For PLT transfusions, the donor plasma in

the PLTs unit should be compatible with ABO of the

neonate.

iv. All of our blood components are leukoreduced. Leukoreduc-

tion is required according to our policy for transfusion of

neonates.

v. We consider our blood components of low risk for CMV given

they are leukoreduced.

vi. We require irradiation of cellular blood components to all neo-

nates who received IUTs, in addition to those with T-cell defi-

ciency. We follow the British Society of Haematology Guidelines

regarding indications for irradiated blood components [1].

We do not irradiate PLTs that undergo pathogen reduction.

vii. Most of the PLT units in our inventory undergo pathogen reduc-

tion either with riboflavin/UV light or amotosalen/UV-light-based

technologies. We do not routinely perform pathogen reduction

of plasma.

Section 3B

a. Our hospital blood bank/transfusion service performs all the steps

starting from blood collection to issuing.

b. Aliquots are only prepared on demand.

c. The volume of aliquots is based on the volume requested by the

clinical team.

d. We do not routinely add a standard discard amount.

e. Irradiation is performed on-demand within 24 h before the

transfusion. No irradiator is available on-site, and units must be

transported to a neighbouring hospital for irradiation based

on need.

f. We routinely use new sterile satellite/transfer bags for aliquoting.

g. Satellite/transfer bags are attached using a sterile docking device.

h. No specific QC testing is performed on aliquots. All other compo-

nents undergo QC testing according to the most recent edition of

the Standards for Blood Banks and Transfusion Services published

by Association for the Advancement of Blood & Biotherapies.

i. We do not screen RBC units for supernatant potassium levels.

Section 4

a. Specific adult units are set for certain newborns if they are

expected to use many units (e.g., cardiac surgery patients and

patients on ECMO).

b. Since the aliquot is prepared in a closed system, the aliquot is

assigned the expiration date/time of the mother bag.

c. The main mother bag undergoes additional aliquoting according to

patient need until expiration.

Section 5

a. Infusion pumps are used around the whole hospital for administra-

tion of all units including to paediatric patients.

b. Most of the pumps used in the hospital are volumetric infusion

pumps.

c. We recommend the following rates for non-emergency transfusion

in paediatrics:

RBCs: 1–5 ml/kg/h (maximum 150 ml/h).

PLTs, plasma, cryoprecipitate: 10–20 ml/kg/h.

REFERENCE

1. Foukaneli T, Kerr P, Bolton-Maggs P, Cardigan R, Coles A,

Gennery A, et al. Guidelines on the use of irradiated blood compo-

nents. Br J Haematol. 2020;191:704–24.

Maha Badawi

King Abdulaziz University, Jeddah, Saudi Arabia

Email: mbadawi2@kau.edu.sa

THE NETHERLANDS

Pauline M. Snijder & Elise J. Huisman

Section 1

Our hospital is located in a city.

Our hospital is a University Medical Centre, this means it is a ter-

tiary and teaching hospital.

Our hospital is a dedicated children’s hospital. Our children’s

hospital is part of the University Medical Centre where adults

are also treated.

Yes, there is a NICU. We have 30 beds available.
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Section 2

a. Our centre supports aliquoted/small-volume transfusions in neo-

nates and paediatrics. There are units available with a smaller

volume.

b. Our hospital provides small-volume transfusions for RBCs

(4 � 1/4 U), plasma (FFP 150 ml for neonates instead of normal

300 or 200-ml solvent/detergent plasma) and PLTs (2 � 1/2).

Section 3A

i. The preparation of all small-volume units for neonatal or paediat-

ric patients is done by the National Blood Supply. The transfusion

laboratory from our hospital then orders these units at the

National Blood Supply. In specific groups, the age of the unit is

of importance, mainly because of potassium levels. RBC units are

<14 days when used for premature/very low birthweight infants;

<5 days for infants on ECMO or if an exchange transfusion is

needed. PLTs are aged <7 days, for quarantine plasma this is not

applicable (max storage is 2 years).

ii. RBC units in SAGM [1].

PLTs in Pas-E [1].

Plasma, not applicable.

iii. For RBC units, small aliquots are prepared from units with blood

groups O and A, both positive and negative.

For PLTs, all blood groups are selected.

For FFP, all blood groups are selected.

The blood group of the products should be compatible with the

blood group of the baby. IAS screening is performed in mother and

baby until the age 3 months [1].

Donors have anti-A and anti-B titres <1:128 for PLT donations.

iv. All transfusion products prepared in our country are leukore-

duced, so automatically the smaller units are leukore-

duced [1].

v. Since all products are leukoreduced, products are not prepared

according to their CMV sero status. In our hospital, the only two

indications for CMV seronegative products are IUTs or infants

with severe severe combined immunodeficiency before a haema-

topoietic bone marrow transplantation [1].

vi. The irradiation status does not determine the unit selection from

which small-volume aliquots are to be prepared. There are sepa-

rate (clinical) criteria for irradiation, for example, IUTs. Small vol-

umes though can be irradiated on indication [1].

vii. No pathogen reduction strategy is used in our country other

than in SD plasma, which is not primarily given to neonates due

to larger unit volume. Parvo B19 safe blood is given to extreme

premature and very low birthweight infants [1].

Section 3B

a. The aliquots are prepared by the National Blood Supply. In our

hospital, the transfusion laboratory only orders these units. The

transfusion volume is then prescribed by a physician.

b. Aliquoted RBC units and FFP in smaller volumes are on stock, neonatal

apheresis PLTs should be ordered at the National Blood Supply.

c. Standard (pre-determined) volumes are prepared by the National

Blood Supply. From these standard volumes, the physician decides

the volume that is transfused to the patient.

d. No, not applicable.

e. We can irradiate in our own hospital because it is a large University

Hospital. Therefore, it is irradiated right before use. This is not the

case in other Dutch hospitals, they order irradiated products at the

National Blood Supply.

f. The smaller volumes are prepared at the National Blood Supply

in new, sterile satellite bags (splitted in new units). On the

NICU, the nurses draw the tight volume from the standard bags

in syringes.

g. A sterile docking device is used, no laminar flow hood is used. This

preparation can only be done by trained National Blood Supply

employees.

h. QC checks are performed only on the mother bag.

i. No, we do not, but we do not allow neonatal units to be >14 days

old to avoid extremely elevated potassium levels.

Section 4

a. Allocating a single adult unit for one newborn is not done routinely.

We consider this if we have to give many transfusions for a longer

period of time.

b. Not applicable for the mother bag. The new, satellite units have an

expiration date and are scanned before given out to the clinic.

c. Not applicable, because we do not make aliquots from the mother bag.

Section 5

a. We use syringe pumps for transfusing the aliquots to newborn

patients on the NICU. The units are delivered in bags to the

department by the transfusion laboratory. The exact amount that

needs to be transfused to the patient is determined by the physi-

cian. That amount is transferred to a syringe by the nurse.

On the contrary, babies on the general wards receive their trans-

fusions from the satellite bag through gravity.

b. We use the Braun Space perfusor pump for the neonates on the

NICU, and for term babies on the wards, the Braun gravity system

+ safeline (large filter) is used.

c. For children, the advised infusion rate is 5 ml/kg/h during 3 h [1].
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SPAIN

Josune Zubicaray Salegui, Julia Ruiz Pato & Julián Sevilla Navarro

Section 1

Our hospital corresponds to a health service located in a city.

It is a teaching hospital.

Our hospital treats only paediatric patients.

No, we just have a paediatric intensive care unit.

Section 2

a. Yes, we use small or adjusted volume transfusions, so that we sup-

port aliquoting.

b. We use small-volume transfusions for all the blood components [1].

Section 3A

i. No response given.

ii. No response given.

iii. We only aliquot O blood group units.

iv. No response given.

v. No response given.

vi. No response given.

vii. No response given.

Section 3B

a. Aliquot preparation is done onsite in the clinical facility, blood transfusion

service of the hospital, there is a general blood centre for the region.

b. We prepare aliquot on demand.

c. We have pre-fixed aliquot volumes.

d. We have pre-fixed aliquot volumes.

e. We usually have pre-irradiated units in your inventory.

f. We usually attach a new sterile satellite bag to divide different ali-

quots for a unit.

g. We attach the satellite bag using a sterile docking device.

h. Quality transfusion standards (CAT - Certificaci�on de Calidad en

Transfusi�on) [2].

i. Not applicable.

Section 4

a. No, we do not allocate a single adult unit for one newborn.

b. We use the same expiration date (mother bag) for the aliquot.

c. We keep the mother bag as the B0 aliquot with the original and

the same expiration date.

Section 5

a. We usually use a gravitymethod for PLTs and infusion pump for RBC [3].

b. PLUM 360™ ICU MEDICAL.

c. The infusion rate will depend on the patient.
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BRAZIL

José Mauro Kutner & Ana Paula Hitomi Yokoyama

Section 1

Our hospital is located in the city of Sao Paulo, Brazil.
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Our hospital is a tertiary/teaching hospital.

We treat both adults and children at our hospital.

We have a 22-bed NICU.

Section 2

a. Yes, we do provide aliquots/small-volume transfusion in neonates

and paediatrics units.

b. We provide small-volume transfusions for all the blood components.

Section 3A

i. For neonates and infants undergoing cardiac surgery, large-

volume transfusions (>80 ml/kg over 24 h), IUTs and neonatal

exchange transfusions, RBC units up to the end of Day 5 are

selected [1].

ii. Our standard additive solution is SAGM. In case of large-volume

transfusions, IUTs and neonatal exchange transfusions, RBC

units are washed to reduce mannitol toxicity.

iii. Regarding ABO selection, for neonates and infants less than

4 months of age, RBC units are compatible with maternal and

neonatal ABO and clinically significant maternal antibodies. For

infants older than 4 months of age, selected RBC units must be

compatible with recipient’s ABO and any RBC alloantibodies.

iv. All units are pre-storage leukoreduced.

v. We do not provide CMV seronegative units. Since in Brazil

more than 90% of the population is CMV seropositive,

Brazilian National Health Agency recommends pre-storage

leukoreduced units as a surrogate for CMV seronegative

units [2]. In our hospital, we provide universal pre-storage

leukoreduction.

vi. All units are irradiated. In case of neonatal exchange transfusion

and IUTs, a 24-h shelf life after irradiation is the standard, in

order to reduce hyperkalaemia.

vii. We do not provide any pathogen-reduced units.

Section 3B

a. The blood centre prepares the aliquots.

b. We prepare the aliquots on demand.

c. The volume of the aliquot is based on the request provided by the

clinicians.

d. We do add a standard discard amount in our aliquots for the tub-

ing, as follows:

Set for infusion pump for syringe = 2 ml.

Set for infusion pump with transfer bag = 20 ml.

Regular tubing set = 10 ml.

e. Units for IUT, neonatal exchange or large-volume transfusions are

irradiated right before issue because of the 24-h expiry period

after irradiation. Units for top-up transfusions are pre-irradiated.

This pre-irradiation is performed daily on Day 13 or 14 of collec-

tion date.

f. For prescriptions of up to 50 ml of RBCs, we prepare the aliquots

in syringes.

For prescriptions above 50 ml, we prepare the aliquots in transfer

bags using sterile connection devices.

g. To ensure sterility while preparing aliquots in syringes, we have a

two-step procedure: (1) volume is transferred to a transfer bag

using sterile connection device, so that the system in mother bag

remains closed and (2) the transfer bag is manually punctured

under laminar flow to transfer the volume for the syringe.

To ensure sterility when preparing aliquots in transfer bags, they

are prepared using sterile connection devices.

h. No, we do not conduct any QC testing of the aliquots.

i. No, we do not screen PRBC for supernatant electrolyte levels for

transfusions in newborns.

Section 4

a. Yes, we routinely allocate a single unit for top-up transfusions for

newborns in order to avoid multiple donor exposure. However, we

contact the clinicians by the time the unit reaches 7 days of collec-

tion to check if they prefer a fresher unit or if we can proceed with

the previously allocated unit.

b. Syringes expire within 4 h of preparation, mother bags maintain

the same expiry date because the system remains closed. We

transfer the volume of the aliquot to a transfer bag unit using ster-

ile connection device and the transfer bag is manually punctured

to transfer the volume to the syringe.

Aliquots in transfer bags prepared with sterile connection devices

maintain the original expiry date.

c. For top-up transfusions, we keep providing further aliquots until

the bag reaches 7 days. Then, we contact clinicians in order to

determine if they prefer a fresh RBC unit or if we can proceed with

the primary unit so that multiple donor exposure is avoided.

Section 5

a. For prescriptions of up to 50 ml of RBCs, we prepare the aliquots

in syringes and then an infusion pump for syringe is used for

transfusion.

For prescriptions above 50 ml, we prepare aliquots in transfer

bags and then the gravity method is used. Infusion pumps can also be

used with aliquots in transfer bags, at the clinician’s discretion.
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b. We use the B.Braun® syringe pump.

c. For infusion in syringe pumps, the recommended rate is 25 ml/h.
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SINGAPORE

Joyce Ching Mei Lam, Xin Ni Zhong & Mui Ling Heng

Section 1

My hospital is located in a city.

It is an academic medical centre offering a full suite of tertiary

services.

My hospital is an acute hospital that treats both adults (obstet-

rics and gynaecology) and children.

Yes. 42 beds.

Section 2

a. Yes, our centre supports aliquoting/small-volume transfusions in

neonates and paediatrics.

b. We provide small-volume transfusions for specific components,

for example, leukoreduced RBCs, apheresed paediatric PLTs and

single cryoprecipitate units.

Section 3A

i. Units that are within 7 days from donation will be selected.

ii. The anticoagulant used is SAGM.

iii. If the maternal and neonatal blood groups are the same, group-

specific units will be selected. If the maternal and neonatal blood

groups are different, group O units will be selected.

iv. Leukoreduced units are selected upon request.

v. The blood centre does not test for CMV status from donors.

vi. Routine irradiation is not performed.

vii. Pathogen reduction is not performed.

Section 3B

a. The blood centre prepares the aliquots. For Singapore, this will be

the Blood Services Group at Health Sciences Authority.

b. Aliquots are prepared at the blood centre upon request, but there

is also an inventory of leukoreduced small-volume RBC units on

site at the clinical facility.

c. Each aliquot has a standard (pre-determined) volume.

d. The aliquot volumes are pre-fixed and the transfusing service use

as much volume as needed.

e. The blood centre irradiates the unit/aliquot only upon request, and

the irradiated unit is then transported to the clinical facility for

transfusion.

f. Aliquots are prepared in a satellite/transfer bag. A new sterile satel-

lite/transfer bag is attached for preparation of aliquots.

g. Satellite bags are attached using a sterile docking device.

h. No, we do not conduct any QC testing of the aliquots prepared.

i. No, we do not screen the PRBC unit aliquots for supernatant elec-

trolyte levels (K+) before transfusion in newborns.

Section 4

a. No, we do not allocate a single adult unit for one newborn.

b. The expiration date/time of the aliquot follows the mother bag.

There is no change to the expiration of the mother bag.

c. Further aliquots are provided until the expiration date.

Section 5

a. All three methods are used.

i. Gravity method: Regulate the drop rate according to the drop

factor on the packaging of the blood administration set with

filter. The usual drop rate is 20 drops per minute.

ii. Infusion pump: A compatible blood administration set with

filter is used to transfuse the product via an infu-

sion pump.

iii. Syringe pump: The blood is withdrawn to the syringe via a

blood administration set with filter, then transfused via a

syringe pump. This is commonly used in the neonatal

setting.

b. Infusion pump: B. Braun Infusomat Space pump.

i. Syringe pump: B. Braun Perfusor Space pump.

c. For all blood and blood products, the infusion rate should not

exceed 5 ml/kg/h.

i. RBCs: Transfuse over 2–4 h.

ii. PLTs and plasma: Transfuse over 30–60 min, not exceed-

ing 4 h.

iii. Cryoprecipitate: Transfuse over 30–60 min.

Joyce Ching Mei Lam

KK Women’s and Children’s Hospital, Singapore

Email: joyce.lam.c.m@singhealth.com.sg
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Xin Ni Zhong

KK Women’s and Children’s Hospital, Singapore
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Mui Ling Heng
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ARGENTINA

Oscar Walter Torres

Section 1

Our institution is located in Buenos Aires City.

It is a hospital dedicated for maternal and neonatal health ser-

vices only.

It is the unique maternal hospital in Buenos Aires, which means

we treat only pregnant women and newborns patients. In some

cases, also gynaecologist patients.

The hospital has a NICU with 35 beds.

Section 2

a. The Transfusion Medicine Service is able to provide small-volume/

aliquoting transfusions if it is required.

b. We provide small-volume transfusions for all the blood compo-

nents, specially RBCs or FFP. In case of PLTs or cryoprecipitated

antihemophilic factor (CRYO), we deliver the unit without aliquot-

ing, because the volume to be administered is regulated by the

paediatrician.

Section 3A

i. Although the unit selection according to the age is controversial

[1], we consider the clinic situation in order to choose which is

unit age to be administered (e.g., for IUT: no more than 48 h, up

to 5 days for exchange transfusion) and sometimes up to 10 days

for small volume in other cases.

ii. We use both, CPDA and additive solution indistinctly.

iii. In case of maternal transfusion, we provide RBCs ABO and Rh/

K-compatible phenotype. For PLT transfusion, if the patient is

RhD negative, not immunized to the D antigen and receives RhD

positive PLTs, Rh immune globulin is indicated.

For neonatal transfusions, all the newborns receive RCCs

group O, RhD positive or negative depending on each case. PLT and

CRYO must be ABO compatible.

iv. All of our patients (women and newborns) receive pre-storage

leukoreduced units by filtration.

v. We do not take in account the CMV serological status.

vi. According to the national or international recommendations, we

irradiate cellular components for IUT, exchange transfusion, new-

borns who have received IUT, pre-term neonates, neonates

weight <1200 g and any other patient at risk for transfusion-

associated graft versus host disease [2].

vii. Technique not available in our country.

Section 3B

a. Blood components aliquoting are prepared by the Transfusion

Medicine Service. The phlebotomy is performed in quintuple

blood bags.

b. We prepare the aliquots only when the transfusion is

required.

c. The aliquots are prepared in base of the volume required by the

clinical team, but after consulting with the Transfusion Medicine

Service.

d. The aliquots are prepared taking in account the 30 ml that corre-

sponds to the tubing.

e. As we do not have the irradiator in our institution, we prepare the

aliquot just before being transfused.

f. As mentioned above, we use quintuple blood bags, so aliquots are

taken from the mother bag. Once the aliquot was done, the unit is

reserved for the same patient for 10 more days, for probable future

transfusions (for RCC only).

g. In order to ensure the closed circuit, we attach the satellite. If we

need more aliquots than the blood bag has, we use a transfer bag

with a sterile connection device [3].

h. We have a QC for RBCs only. We measure haematocrit, (K+ in IUT

only), and sometimes haemolysis when unit age is near 10 days

from the phlebotomy.

i. As the K+ level is not an important parameter to consider in RBC

aliquot, we do not screen it routinely [4].

Section 4

a. The purpose of creating small-volume aliquots is to limit donor

exposures, avoiding circulatory overload, and potentially decreas-

ing donor-related risks. So, we have this transfusion practice

routinely.

b. Once the aliquot is done, it is labelled with the same expiration

date and unit number of the original blood bag [5].

c. We maintain the main mother bag up to 10 days from the phlebot-

omy. After that, depending on the remaining volume, it could be

discarded or not. In some cases, the remaining volume, if it is

important, it could be destinated to an adult patient. Note: These

criteria are applicable for RCC only.
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Section 5

a. The transfusion practice is through a gravity method.

b. Not applicable.

c. The rate of infusion depends on the clinical condition, but each unit

must be administered in no more than 2–4 h.
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UGANDA

Aggrey Dhabangi

Section 1

Location: Located in the City, Kampala, Uganda.

Type of hospital: National Referral and Teaching hospital.

Treats both adults and children.

NICU has 46 beds.

Section 2

a. Yes.

b. Whole components from the National Blood Transfusion Service

(NBTS) are WB derived.

i. For RBCs, we receive paediatric blood bags, each 80–100 ml.

ii. For PLTs, we receive single donor PLT bags, each 50–70 ml.

Section 3A

i. Not used.

ii. Both the paediatric RBCs and PLTs bags are made by the NBTS.

The WB from which these components are made is collected in

CPD/SAGM quadruple bags.

iii. Not used.

iv. N/A: All the blood components in the country are not leukocyte

reduced.

v. N/A: CMV testing is not available locally.

vi. N/A: Irradiation of blood is not yet available in the country.

vii. N/A: Pathogen inactivation/pathogen reduction is not yet avail-

able in the country. There is only one ongoing clinical trial using

PRT of WB.

Section 3B

a. The Blood Centre/National Transfusion Services (NBTS).

b. All received from the NBTS and kept as part of the inventory.

c. Standard volumes (ranges) as provided by the NBTS.

d. Pre-fixed volumes, and so, the hospital uses as much volume as

needed.

e. N/A: Irradiation not available in the country.

f. From one WB unit collected into a quadruple bag, three satellite

paediatric RBC bags are made by the NBTS and one PLT bag. The

hospital does not have transfer bags.

g. The NBTS uses sterile docking device and sealant, during prepara-

tions. Also, the quadruple bags have in-tube seals between the

bags; these seals once broken allow blood to flow from the parent

bag, into the satellite bags, then the sealant is used to close the

tubes again.

h. The blood Centre (NBTS) performs QC, following African Society

for Blood Transfusion, ‘AfSBT’ guidelines, namely:

i. For RBC bags (1%); haemoglobin (Hb).

ii. PLT bags (1%); PLT count and bacterial culture (aero-

bic only).

i. No.

Section 4

a. No. The three RBC bags from a single donor may be used to trans-

fuse up to three babies.

b. Expiration dates issued by NBTS remain unchanged.

c. Often, the remaining volume of the RBC bags—each 80–100 ml—is

discarded.

Section 5

a. On the paediatric wards—we use gravity method. In the NICU,

currently we use infusion pumps (previously we used

syringes).

b. Two types:

i. The ‘KellyMed’ type.
ii. The SK-600 II—‘Mindray’.

c. 5 ml/kg/h.
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SOUTH AFRICA—CAPE TOWN

Anel van Zyl, Nadia Mundey & Vernon Louw

Section 1

Tygerberg Hospital is located in the northern suburb of the Cape

Metropole, South Africa.

Tygerberg Hospital is a tertiary/teaching hospital.

The hospital treats both adult and children patients.

There are various neonatal wards at Tygerberg Hospital including

an ICU. The NICU has eight beds and it is linked to a four-bed

high-care area.

Section 2

a. Yes. Tygerberg Hospital Blood Bank supply small volumes of RBCs,

plasma and PLTs to neonatal and paediatric patients.

b. RBC products are produced from an adult WB O-positive or O-

negative unit. The adult unit is made into plasma and RBC compo-

nents. The RBCs are leukodepleted and divided equally into four

smaller bags. The bags are labelled as infant RBC unit 1–4 with an

individual volume of ±55 ml. The RBCs are also available in a

slightly larger volume of ±130 ml, labelled as paediatric RBC units

1 and 2.

c. FFP are made from a male donor that is group AB. The AB plasma

is divided into smaller volumes of ±130 ml each and labelled as

paediatric FFP 1 and 2.

The PLTs are made from an apheresis unit (group O positive) and

divided into four smaller bags with an individual volume of 40–60 ml.

Section 3A

i. The RBC unit is processed into smaller aliquots within 72 h of

collection from the donor.

The FFP are processed within 18 h of collection from the donor.

The PLTs are divided into smaller aliquots within hours of collec-

tion from the donor.

ii. The RBC units have CPD and SAGM as the additive solution.

Plasma products have CPD. The PLTs contain CPDA.

iii. The infant and paediatric units are either group O positive or

negative.

Plasma products are group AB.

PLTs are group O positive, low titre.

iv. The RBCs and PLTs are leukoreduced.

v. Products are not tested for CMV. However, as they are leukore-

duced, the risk is reduced.

vi. Infant and paediatric RBC and PLT units are not irradiated. Any

irradiated units must either be a leukoreduced WB or adult unit

of RBCs or PLTs.

Plasma units are not irradiated.

vii. We do not currently do pathogen reduction or inactivation.

Section 3B

a. The aliquots are prepared by the Blood Service. The units are sent

to the relevant blood bank for distribution to patients as required.

b. Tygerberg Blood Bank have small-volume units available as part of

our inventory.

c. It is a standard volume for each product.

d. In general, the clinicians do not take the tubing waste into consid-

eration for paediatric and neonatal patients as the volume in the

bags supplied by the Blood Service is sufficient for the patients

transfusion needs.

e. Units are irradiated just before transfusion. If that is not possible,

the unit may be irradiated up to 12 h before issue.

f. The Blood Service prepares the RBC aliquots using a transfer

bag set that is attached to the leukoreduced unit via sterile

welding. The bags are weighed as the blood is separated into

each bag.

The paediatric plasma is prepared by dividing the plasma between

the satellite bags that are already present as part of the quad pack

that is used. No additional transfer bags are attached.

In paediatric haematology/oncology, we transfuse from the bag

and rarely waste any blood. When we order, we round off to the

closest unit. We also rarely have small babies who need small

amounts of blood. However, if we had to do that, we would proba-

bly use a buretrol to measure the volume when transfusing from

the bag.

In NICU, the blood is transfused directly from the bag. We do not

draw any blood products into a syringe.

g. Sterile docking or welding is used to maintain sterility.

h. No additional QC is performed on the aliquots as the smaller vol-

umes are prepared from an adult unit. No changes are made to the

content of the aliquots.

i. Not applicable.
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Section 4

a. The Blood Service has a limited donor exposure program also known

as LDEP. An adult RBC unit is divided into four smaller bags. The

units can be reserved two or four units at a time for a single new-

born. The units are usually reserved for those neonates that will

require multiple transfusions in the first few weeks after birth. The

requesting clinician will indicate how many units to reserve for the

neonate. The units can either be kept for the neonate until expiry or

it will be kept for the neonate for 20 days, after which the units will

be cancelled and used for another neonate if required.

b. The RBC product has an expiry date of 42 days from the time it

was bled as it was prepared under sterile conditions.

The plasma is stored at �18�C for a year. Once thawed, it has an

expiry time of 6 h from the time that the thawing process started.

Infant PLTs have an expiry of 5 days as the PLTs were bled into a

closed sterile system.

c. Not applicable.

Section 5

a. Paediatrics—an infusion pump is used.

NICU—The blood will run through an infusion pump where the

amount we want to give is entered into the pump.

b. Aguilla Infusamed infusion pumps.

c. Paediatrics—We usually transfuse over 4 h for a child who is not in

heart failure and over 6 h for a child in heart failure due to the risk

of volume overload and worsening of heart failure.

In an emergency situation (e.g., Hb of 1 or 2 and collapse imminent),

we would initially transfuse faster and then slow the rate to the above.

NICU—Most packed cell transfusions run over 4 h. The volume is

usually between 10 and 20 ml/kg in total, run over the 4 h.

Anel van Zyl

Stellenbosch University and Tygerberg Hospital, Cape Town,

South Africa

Email: vanzyla@sun.ac.za

Nadia Mundey

Western Cape Blood Service, Cape Town, South Africa

Email: nmundey@wcbs.org.za

Vernon Louw

University of Cape Town and Groote Schuur Hospital,

Cape Town, South Africa

Email: vernon.louw@uct.ac.za

SOUTH AFRICA—ROODEPOORT

Karin van den Berg

Section 1

We provide blood transfusion services to hospitals in large met-

ropolitan cities, regional centres as well as small district hospitals

in remote areas.

We provide blood transfusion services to academic, tertiary,

regional and district level hospitals.

Most of the hospitals to whom we provide blood transfusion ser-

vices treat both adults and children, but we have a few dedicated

children’s hospitals as well.

Some of our hospitals do have NICUs, the size of which varies

from a few beds (2–3) to very large units with 20 or

more beds.

Section 2

a. Yes, our centre supports aliquoting/small-volume transfusions in

neonates and paediatrics.

b. We provide small-volume, routinely leukoreduced RBC products.

The small-volume PLT products are produced from aliquots of

SDAPs that are leukoreduced at time of collection.

We also produce small-volume FFP products aliquoted from

plasma recovered from a WB donation.

Section 3A

i. Paediatric small-volume RBC and plasma products are produced

from WB collections processed within 24 h. Small-volume RBC

products less than 5 days old are available on request, but gener-

ally we do not have separate limitations on unit age for small-

volume RBC products.

ii. Small-volume RBC products are produced from WB collections,

which are collected in CPDA. Single-donor apheresis products

are collected using ACD and stored in PAS.

iii. We mostly produce small-volume RBC products from group O

and group A donations, although of these the majority are group

O products.

iv. All small-volume RBC products are produced from leukoreduced

WB donations.

v. We do not test for CMV and do not carry a CMV negative

inventory.

vi. Irradiated small-volume products are produced from irradiated

WB donations, but only upon request.

vii. We do not perform pathogen reduction in South Africa.
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Section 3B

a. We (the blood centre) produce the aliquots.

b. We (the blood centre) maintain an inventory of small-volume RBC,

plasma and PLT products that are issued upon request.

c. Small-volume RBC products are produced by aliquoting a leu-

koreduced RBC collection into three aliquots by equally distrib-

uting the volume between three paediatric bags. The final

volume of these small-volume products are standardized to

120 ± 30 ml.

d. We have a pre-fixed aliquot volumes with the treating clinician

transfusing as much as needed.

e. We do not keep an inventory of irradiated small-volume products.

Both small-volume RBC and PLT products are irradiated upon

request, with the ‘mother’ unit being irradiated and then aliquoted

into the smaller units.

f. After filtration of a fresh adult RBC product, a set of four paediatric

bags are sterile docked on to the ‘mother’ unit and the volume

equally distributed among three of the four bags. The four bag may

be used in cases where we have a directed donation.

g. Sterility is maintained by using a sterile docking device in combina-

tion with a strict infection prevention control policy and procedure

and routine environmental monitoring, including of the sterile

docking devices.

h. Yes, we test 1% of all products produced. We follow the ‘Stan-
dards of Practice for Blood Transfusion in South Africa’ regula-

tions. We measure volume, white cell count and sterility.

i. No, we do not screen for supernatant electrolyte levels.

Section 4

a. If the treating clinician either request that we reserve all three ali-

quots for a specific patient or if (s)he indicates that the patient will

require repeated transfusion, we will reserve all three aliquots for

one specific patient.

b. As we have standardized processes for producing small-volume

products, they have standard expiration dates, based on the

date of donation. For small-volume RBC products, the expira-

tion date is 21 days from date of donation. Small-volume PLTs

and plasma products have the same expiry as the routine

products.

c. For small-volume RBC products, we do not have a remaining vol-

ume. Small-volume PLT products are produced from the remainder

of a SDAP collection that is too little to produce an adult unit.

Section 5

a. Practices in the different hospitals differ, but where available, the

preference is the use of an infusion or syringe pump.

b. Different units use different types of pumps.

c. The rate of transfusion is determined by the treating clinician, as

the blood service we recommend that the transfusion of a particu-

lar unit (or part thereof) should be completed within 4 h of com-

mencing the transfusion [1].
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