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Background and Objectives Despite increasingly meticulous haemovigilance
reporting throughout the world, a systematic assessment of the cost of transfu-
sion reactions is still lacking. This is partly caused by the fact that such an
assessment requires a subjective expert assessment of the additional costs linked
to the adverse reaction. Data on the cost of transfusion reactions could support
decision-making regarding blood transfusion safety measures.

Materials and Methods Thirteen experts from nine hospitals were asked to esti-
mate the additional care required following various types of transfusion reac-
tions. Additional care was quantified as the proportion of reactions requiring
care, and the amount of care required (e.g. hospitalization days, additional physi-
cian’s time). Experts were also asked to provide, per type of transfusion reaction,
an estimate of the proportion of transfusion reactions preventable. Structured
quantitative expert elicitation methods were applied to obtain and combine
expert estimates.

Results The estimated annual in-hospital cost of transfusion reactions in the
Netherlands is €933 356 per year (€1.52 per transfusion). Two-thirds (64%) of
these are incurred by non-serious transfusion reactions. Circulatory overload,
TRALI and anaphylaxis clearly dominate the costs of serious adverse transfusion
reactions (66% in total); non-haemolytic transfusion reactions incur 46% of the
cost of non-serious transfusion reactions. Additional safety measures targeting
circulatory overload and new antibody formation potentially offer the highest
cost reduction.

Conclusion In-hospital costs of transfusion reactions are substantial but con-
tribute to less than 1% of the total cost of transfusion in the Netherlands. A con-
siderable part of these costs (24%) might be preventable.
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Introduction

Patient safety in the Netherlands, as in most countries, is

one of the top priorities of healthcare policy [1, 2].

Reporting and root cause analysis of unintended adverse

reactions and incidents during treatment of patients con-

tributes to patient safety. Since 2003, the TRIP Founda-

tion (Transfusion and Transplantation Reactions In

Patients), the Dutch national haemovigilance and biovigi-

lance office have collated and publicly reported on

adverse reactions and incidents associated with the trans-

fusion of labile blood products [3]. The objective of this

activity is to map risks associated with blood transfusion

and make recommendations to reduce adverse reactions.
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The considerable efforts associated with the implementa-

tion of measures to further increase blood transfusion

safety (e.g. Rhesus phenotype compatible blood compo-

nent selection for multitransfused patients or introduction

of bedside electronic checking of patient and blood com-

ponent) require a careful assessment of costs and benefits,

as there is a limit to what expenditures can be considered

acceptable for increasing patient safety [4, 5]. For the jus-

tification of interventions to reduce transfusion reactions,

it is therefore essential to quantify the associated costs

and health outcomes. Costs consist of additional costs for

diagnosis, patient treatment and follow-up. Such data are

scarce in general and are unavailable for the Netherlands

in particular. Determining the impact of transfusion reac-

tions in terms of costs and patient health is complicated,

as these have to be separated from the costs and health

effects imposed by the condition for which the patient is

being treated. In this study, we describe an expert elicita-

tion approach to estimate costs attributable to transfusion

reactions. In addition, we asked experts to estimate the

proportion of transfusion reactions that might be pre-

ventable, which allows estimation of potential savings

from the implementation of further safety interventions.

Our study highlights areas where transfusion safety may

be improved and can be seen as a first step towards a

complete assessment of the consequences of transfusion

reactions.

Materials and methods

Methodological considerations

Determining the impact of transfusion reactions is complex

in part because they are unintentional and occur unpre-

dictably, which means that they can only be evaluated post

hoc. More importantly, however, their impact has to be sepa-

rated from the impact that the primary treatment has on the

patient. For example, if a transfusion reaction occurs in a

patient undergoing heart surgery, the additional costs of the

transfusion reaction have to be determined and separated

from the cost of the heart surgery itself. For this study, it

was decided to use expert estimates of the additional

requirements for patients after transfusion reactions. Advan-

tages of this approach are: (1) it is relatively easy to perform,

(2) one obtains input from a broad range of experts, (3) it is

transparent about what has been included in the assessment

and what has not, and (4) one can report reproducible find-

ings in a detailed manner. Formal expert elicitation is a

structured method to systematically consult experts on sub-

jects where there is insufficient knowledge (or where such

knowledge is difficult to extract), which is applied in an

expanding range of applications [6–8].

Haemovigilance reporting

Haemovigilance reporting to TRIP, which functions

under the auspices of the professional societies, is man-

dated as the professional standard in the Netherlands

although the reporting is formally voluntary. The objec-

tive is to collect information and report on the safety

of the clinical use of blood components on a national

level. This allows assessment of trends in transfusion

reactions and effective targeting of areas of highest

concern. Since 2006, more than 95% of the Dutch hos-

pitals have reported transfusion reactions to TRIP each

year [3]. Reporting is anonymous and encompasses both

serious and non-serious transfusion reactions and inci-

dents. Between 1800 and 2400, transfusion reactions

are reported annually, with an average of 2146 reac-

tions [3]. In the Netherlands, there is only one single

blood operator which in the reporting period on aver-

age delivered around 484 000 leucoreduced RBC units,

58 000 buffy coat platelet units (each pooled from five

donations) and 72 000 units of fresh frozen plasma.

Cases of post-transfusion bacteremia/sepsis and cases of

post-transfusion viral infection are among the captured

reactions and require investigation; however, only a

minority of cases are found to be actually caused by

pathogens in the transfused blood component (i.e. can

be confirmed as transfusion-transmitted infections). The

number of reported hospital-based incidents – these

include incorrect blood component transfused, near

misses and other incidents – is substantially smaller,

namely approximately 230 per year [3]. The reports to

TRIP also provide information about reactions which

resulted from or were associated with errors or inci-

dents. Annually, these account for some 15 reactions

(2–3 of grade 2, 3 or 4) which are included in the

results of this study.

To score the severity of reported transfusion reactions

a five-step grading system is in place, of which the

definitions are given in Table 1. Severity grades 2–4
combined are classed as ‘Serious’, in conformity with

the definitions of the International Society for Blood

Transfusion as well as European legislation [9]. In addi-

tion, an assessment is given of the imputability, the

likelihood that the observed reaction can be attributed

to the transfusion. All definitions are available on the

TRIP website (https://www.tripnet.nl/en/hemovigilance/

definitions). Reporting of the serious reactions to the

competent authority and to the national blood service

(Sanquin) is mandatory in case of a product safety

issue. In these cases, hospitals can use the web-based

reporting system to simultaneously report to authorities,

blood service and TRIP.
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Expert elicitation

A group of thirteen volunteer experts who are specialists in

the fields of haemovigilance, haematology and clinical

chemistry was recruited in the haemovigilance network that

supports the reporting system in the Netherlands. The

experts, coming from four general hospitals, three teaching

hospitals and two university hospitals, filled out our ques-

tionnaire on transfusion reactions, one per hospital. The

experts had to estimate the likelihood that a patient with a

specific transfusion reaction would require various addi-

tional diagnostic tests, medication, hospital stay and/or

involvement of hospital staff (nurses, doctors, specialists). A

preliminary list was compiled specifying additional investi-

gations and components of care according to recommenda-

tions in the national transfusion guideline [10] and drawing

on practical experience in one teaching hospital and experi-

ence of the national haemovigilance office. The items were

listed per type of transfusion reaction. As the level of inves-

tigation will be dependent on the severity of reaction or

adverse event, the experts were asked to estimate the propor-

tion of cases where various sub-activities (e.g. haptoglobin/

antibodies/antiglobulin testing/IgA testing) were performed

for both serious and non-serious transfusion reactions. Also,

respondents could add any additional items they felt were

missing in the list of sub-activities provided.

In addition to the questions on activities associated

with transfusion reactions, the experts were asked how

likely they considered various types of transfusion reac-

tions avoidable. This information allows estimation of

potential savings by further safety interventions and can

be used to identify the most viable and most cost-saving

risk reduction strategies. The full set of questions on

transfusion reactions, investigations and preventability of

transfusion reactions is available in the additional online

materials for this study [Data S1].

Costs of transfusion reactions

We used the standard hospital tariffs and 2012 laboratory

tariffs to derive costs associated with all items listed in

the questionnaire [11, 12]. Costs for nursing, medical and

laboratory staff plus costs of laboratory testing and addi-

tional hospitalization were used to determine the total

cost of transfusion reactions. All costs were adjusted to

reflect 2016 Euros using the appropriate national inflation

correction indices [13].

The total costs per item were determined by multiply-

ing the calculated costs per item by the average likeli-

hood that this item was needed as specified by the

experts. The total costs of transfusion reactions in the

Netherlands were calculated by multiplying the costs per

type of transfusion reaction by the total number of cases

reported to TRIP [3]. The total costs per transfusion unit

were calculated in order to enable international compar-

isons to be made. The numbers of blood components dis-

tributed in the Netherlands were obtained from the

Council of Europe reports on blood use [14]. The costs

included in the calculations were limited to hospital and

blood service costs incurred for investigation and treat-

ment of the reaction. Costs for the patient (e.g. travel, sick

leave from work) as well as potentially increased costs for

future transfusions were not included.

Avoidable costs of transfusion reactions

All experts were asked to estimate the proportion of

transfusion reactions which might be prevented by cur-

rently available means. The experts provided values for

their minimum, maximum and most likely estimates. This

provides a means to evaluate consistency among experts

but also shows widely dispersed and even contradicting

estimates of potential reductions. The estimates obtained

may assist in the selection of risk-reducing strategies with

potential to achieve the greatest cost reduction. Avoidable

costs were obtained by multiplying total costs per type of

transfusion reaction by the proportion of cases perceived

to be preventable.

Calculations and sensitivity assessment

As in most health economic assessments, sensitivity anal-

yses were performed to provide insight into the variability

of the obtained cost estimates. Sensitivity of the cost esti-

mates was attained by bootstrapping individual expert

responses [15]. A procedure with 10 000 bootstraps was

performed to obtain robust 95% confidence intervals (CI)

for the estimates, meaning that the error due to sampling

for the confidence intervals was less than 1%. All cost

calculations were performed using Microsoft Excel 2010,

using the Simtools add-in for Excel (Version 3.31a). A

‘maximum cost estimate’ for the cost of transfusion reac-

tions was also calculated using the maximum value pro-

vided by any of the experts for each item.

Table 1 Grading of transfusion reactions

Severity grade Definition

0 No morbidity (only laboratory abnormalities)

1 Minor morbidity, not life-threatening

2 Moderate-to-serious morbidity, may or may

not be life-threatening; or leading to

hospitalization or prolongation of illness; or

associated with chronic disability or incapacity

3 Serious morbidity, directly life-threatening

4 Mortality following a transfusion reaction

© 2017 International Society of Blood Transfusion
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Results

In Table 2, the costs of various items of extra investiga-

tion or treatment associated with transfusion reactions

are shown. The costs for each type of transfusion reaction

were calculated using the estimates on the requirement

for each of the items as obtained from the experts. Details

on the expert estimates are available in the online materi-

als for this study.

In Table 3, the number of transfusion reactions reported

to TRIP over a five-year period (from 2010 to 2014), and

the estimated costs per case of both serious (Table 3A) and

non-serious (Table 3B) transfusion reactions are shown [3].

Costs per case were calculated by multiplying the individ-

ual cost of items by the mean proportion of applicability

or mean duration of additional stay indicated by the

experts per severity level of the reaction.

From the assessment, it is clear that the costs of serious

adverse reactions (€337 222) are dominated by circulatory

overload, TRALI and anaphylaxis, which account for 66%

of the total costs of serious transfusion reactions. The

total costs of non-serious transfusion reactions

(€596 134) are dominated by the costs associated with

non-haemolytic transfusion reactions (46%), which

together with costs of new antibody formation (25%)

comprise 71% of the total costs. Of note, the non-serious

transfusion reactions incur almost twice the costs of seri-

ous transfusion reactions as there are 18 times as many

non-serious reactions whereas the costs of serious reac-

tions are on average only 10 times higher. This means

that non-serious transfusion reactions contribute up to

64% of the cost of transfusion reactions (€933 356).

Out of the total number of serious reactions, 2.6% are

associated with reports of incorrect blood component

transfused (acute or delayed haemolytic transfusion reac-

tions) or other incidents (chiefly transfusion-associated

circulatory overload or other reaction following an

unnecessary transfusion, data not presented here). Among

non-serious reactions, only 0.5% is associated with errors.

These reactions were included in the total numbers per

reaction used in this study. The costs from transfusion

errors, incidents or failures in the transfusion chain will

be topic of a separate study, but this does not affect the

current cost estimates per transfusion reaction.

The proportions of preventable cases, as presented in

Table 4, indicate that acute haemolytic transfusion reac-

tions are consistently perceived to be the transfusion

reaction that may be further reduced. The narrow

interquartile range (IQR, which represents the spread

between the 25% and 75% percentiles of the expected

cumulative probability distribution) indicates the strong

agreement between the experts on this issue. This kind of

reaction occurs with administration of incompatible

transfusions. However, in our data, only 15% of all cases

of AHTR were reported as such. This category contributes

only 5% of the total cost of serious and only 1% of non-

serious transfusion reactions, implying that the financial

impact of a potential reduction in this reaction is limited

(at most 10% of the total cost reduction potential). The

reduction in transfusion-associated circulatory overload

and the formation of new antibodies could have a more

substantial impact: the anticipated median reduction of

64% for circulatory overload would result in a reduction

of €56 871 per annum on serious transfusion reactions,

and the formation of new antibodies in a reduction of

€74 198 per annum on non-serious transfusion reactions.

The potential savings through the reduction in these

transfusion reactions would be €136 315 per annum (62%

of the total cost reduction perceived feasible). However,

there is clearly disagreement among the experts on the

extent of the reduction achievable, which is reflected in

the relatively large interquartile ranges, reflecting both

the experts’ individual uncertainty and the variability

among experts. The disagreement among experts is even

bigger when considering the potential reduction in TRALI

cases: here the IQR is 0–97% indicating that experts are

either convinced that this reaction can be completely pre-

vented or that no further reduction is possible.

The maximum cost estimate for the transfusion reac-

tions was determined by calculating the costs covering

the highest value per item provided by any expert,

Table 2 Estimated costs of elements of additional investigations and

care

Description Cost in Euros (€)

Additional blood product 220�13
Additional hospitalization (per day) 480�41
Additional haemovigilance employee time (per hour)a 28�19
Additional physician time (per hour) 160�63
Additional nurse time (per hour) 28�19
Bacteriology 84�91
Blood group serology 110�47
Broad spectrum antibiotic medication 103�97
Chest X-ray 52�63
ECG 38�11
Hb determination 16�20
Determining biochemical haemolysis parameters 31�02
HLA typing 105�43
ICU admission (per day) 2033�65
IgA diagnostics 69�55
Medication following an anaphylactic reaction 40�31
Ruling out administrative errors 25�64
Virological screening 90�85

aThe haemovigilance employee is the Dutch term for a transfusion safety

officer (transfusion practitioner).
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leading to the highest cost estimate per transfusion reac-

tion. This results in an estimate of €609 724 for the cost

of serious transfusion reactions and €1 218 921 for the

non-serious transfusion reactions. The maximum cost

estimates are 1.8 times higher for serious reactions and

2.0 times higher for the non-serious reactions, which

overall results in a twofold increase in the total cost of

transfusion reactions.

Discussion

Despite the fact that transfusion reactions are common (in

the Netherlands these are reported around 4 per 1000

transfusions), little is known on associated costs and

health effects [3]. Some references to costs of transfusion

reactions are available [17–20], but even in studies where

the cost-effectiveness of measures to prevent transfusion

reactions have been evaluated, explicit information on

costs and effects of such reactions is missing [21–23]. For
insight into the complete impact of transfusion reactions

on hospitals and patients, however, an integral assess-

ment is required. In this study, an estimate was made of

the direct costs associated with investigation and treat-

ment of transfusion reactions. Total annual costs for hos-

pitals and blood service caused by transfusion reactions

in the Netherlands are estimated to be €933 356 per year

Table 3 (A) Frequency and costs per serious adverse transfusion reaction (Grades 2, 3 and 4). (B) Frequency and costs per non-serious adverse transfu-

sion reaction (Grade 0–1)

(A)

Transfusion Reactions Grade 2, 3, 4
Total number of reactions
in 2010–2014

Estimated costs
per case (€)

Estimated total costs per
year (€) (95% CI) % of total costs

Non-haemolytic transfusion reaction

(fever ≥2°C and/or rigours) and

mild febrile reactions (fever >1 and <2)

83 723 14 281 4%

Acute haemolytic transfusion reactiona 32 1539 16 676 5%

Delayed haemolytic transfusion reaction 14 1027 2877 1%

Transfusion-related acute lung injurya 47 6652 71 635 21%

Transfusion-associated circulatory overloada 113 3227 88 860 26%

Anaphylaxis 95 3188 60 569 18%

Other allergic reaction 9 342 615 0%

New antibody formation 3 184 110 0%

Post-transfusion bacteremia/sepsisa 45 1610 21 315 6%

Post-transfusion viral infectiona 13 277 2997 1%

Other reaction 134 1543 57 286 17%

Total 588 574 337 222 (273 604–410 627) 100%

(B)

Transfusion Reactions Grade 0–1
Total number of
reactions in 2010–2014

Estimated costs
per case (€)

Estimated total costs
per year (€) (95% CI) % of total costs

Non-haemolytic transfusion reaction

(fever ≥2°C and/or rigours)

4011 341 273,839 46%

Acute haemolytic transfusion reaction 46 665 6,122 1%

Delayed haemolytic transfusion reaction 25 404 2,021 0%

Transfusion-related acute lung injury 5 2086 2,086 0%

Transfusion-associated circulatory overload 178 228 8,112 1%

Anaphylaxis 225 409 18,418 3%

Other allergic reaction 891 87 15,517 3%

New antibody formation 4124 180 148,396 25%

Post-transfusion bacteremia/sepsis 212 716 30,371 5%

Post-transfusion viral infection 2 257 103 0%

Other reaction 907 502 91,150 15%

Total 10�635 56 596,134 (476,463-673,917) 100%

aDeaths: TRALI 4x, TACO 7x, AHTR 3x, post-transfusion bacteremia/sepsis 3x, post-transfusion viral infection 1x, Other reaction 7x, NHTR 1x. For each of

these cases, additional costs (€2276 per case) have been added to the total costs [16].
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and €1 828 645 for a maximum cost estimate. Almost

two-thirds (64%) of these costs are caused by non-serious

transfusion reactions. With 614 373 transfusions per year

on average in the observation period, the direct costs of

transfusion reactions alone amount to a €1.52 per trans-

fusion in the Netherlands. On basis of the experts’ judge-

ment, it is expected that 24% of these costs might still be

avoidable.

Expert elicitation is increasingly used in health services

research and health technology assessment as a means to

obtain fair estimates of parameters that are difficult or

even impossible to measure, often due to a structural lack

of data [24, 25]. The assessment of the costs of transfu-

sion reactions is an exemplary illustration for such an

application. There are simply too few occurrences of seri-

ous transfusion reactions, and for non-serious transfusion

reactions, the average increase in costs as a result of

transfusion reactions is too small to be measured accu-

rately. A traditional approach would involve reviewing

the dossiers of patients with transfusion reactions and

identifying those interventions that resulted from the

transfusion reaction. However, this would not only

require a substantial research effort, but also detailed

clinical (expert) knowledge in order to separate activities

related to the transfusion reaction from those associated

with regular treatment. The approach adopted here –
where experts estimate the additional treatment required

by patients suffering from various transfusion reactions –
overcomes these hurdles to a certain extent and assump-

tions and outcomes can be easily communicated and veri-

fied. This enables a discussion on the validity of various

assumptions and expert estimates, which allows for an

improvement of the estimates obtained. Another clear

advantage of the expert elicitation approach is that speci-

fic expert knowledge can be drawn upon, for example

their estimate of the proportion of transfusion reactions

that might potentially be avoided.

Finally, the fact that additional care required for vari-

ous types of transfusion reactions is made explicit,

enables calculation of costs of transfusion reactions in

completely different settings, for example for a country

with a completely different cost structure. Also, extending

the expert base internationally might provide information

on differences in transfusion reactions in different coun-

tries which could again lead to the identification of areas

where treatment of patients, or measures taken for the

prevention of transfusion reactions, may be improved.

Note that in our assessment, only the direct costs of

transfusion complications were considered (costs of addi-

tional hospitalization, hospital diagnostics and additional

care). Long-term costs, such as the costs of treatment of

viral infections, as well as indirect costs (e.g. costs of pro-

ductivity loss), were not considered. These may however

constitute a substantial part of the adverse effects of in

particular serious transfusion reactions. Another cause for

underestimating the total costs is that transfusion reactions

and incidents are likely to be underreported. For instance,

not all hospitals report red cell antibody formation as

transfusion reaction. Also, experts were asked to provide

estimates of the proportion of patients that would require

additional clinical treatment and estimates on additional

length of stay. Such estimates might be biased as a result

of framing of the questions [26, 27]. An example of fram-

ing is asking for additional length of hospitalization in

days. This will generally result in estimates in the order of

days rather than weeks or hours. In practice, rare

Table 4 Estimation of preventability and avoidable costs per year

Transfusion Reactions

Estimated proportion
preventable
(interquartile range)

Estimated preventable
costs associated with
serious transfusion
reactions (% of total)

Estimated preventable
costs associated with
non-serious transfusion
reactions (% of total)

Estimated preventable
total costs associated with
transfusion reactions
(% of total)

Non-haemolytic transfusion

reaction (fever ≥2°C and/or rigours)

2.5% (0–6%) 357 (0%) 6846 (6%) 7203 (3%)

Acute haemolytic transfusion reaction 95% (85–99%) 15 842 (14%) 5816 (5%) 21 658 (10%)

Delayed haemolytic transfusion reaction 8.0% (4–73%) 231 (0%) 163 (0%) 394 (0%)

Transfusion-related acute lung injury 30% (0–97%) 21 490 (19%) 626 (1%) 22 116 (10%)

Transfusion-associated circulatory overload 64% (26–91%) 56 871 (50%) 5192 (5%) 62 062 (28%)

Anaphylaxis 18% (9–30%) 10 600 (9%) 3223 (3%) 13 823 (6%)

Other allergic reaction 30% (3–80%) 185 (0%) 4655 (4%) 4840 (2%)

New antibody formation 50% (10–75%) 55 (0%) 74 198 (69%) 74 253 (34%)

Post-transfusion bacteremia/sepsis 15% (3–90%) 3197 (3%) 4556 (4%) 7753 (4%)

Post-transfusion viral infection 70% (3–98%) 2098 (2%) 72 (0%) 2170 (1%)

Other reaction 3.1% (0–24%) 1790 (2%) 2848 (3%) 4639 (2%)

Total 112 716 108 194 220 910
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transfusion reactions with severe consequences will

strongly affect the average costs and length hospitaliza-

tion, even if these only occur seldom. However, as such

cases are hardly ever observed experts are likely not to

include these in their assessment which may lead to

experts underestimating the average length of stay and

patients’ additional medical needs. On the other hand,

experience with such extreme cases might also bias esti-

mates towards the high end as such experiences are likely

to be remembered, possibly also as more severe than actu-

ally was the case [25, 28]. Also, the selection of experts

with specific fields of expertise is a potential source of

bias. For instance, our expert group consisted largely of

transfusion specialists of which only a minority are prac-

ticing clinicians. A further limitation of our study is that

future costs, such as premedication after a serious allergic

reaction or additional costs for component selection after

new antibody formation, are not included. This will also

result in an underestimation of the total cost. Finally, in

this study, we only considered the direct costs of investiga-

tion and treatment of transfusion reactions. A study on the

impact of transfusion reactions would be more complete if

it included an estimate of health effects, most commonly

expressed in Quality Adjusted Life Years (QALYs) [29, 30].

These health effects might also be estimated using expert

opinion. Such an assessment is a topic for future research.

Our study shows that circulatory overload, TRALI and

anaphylaxis clearly dominate the costs of serious adverse

transfusion reactions. These contribute almost equally to

66% of the total costs of serious adverse transfusion reac-

tions whilst representing 43% of all serious transfusion reac-

tions. The total costs of non-serious transfusion reactions

are dominated by the cost associated with non-haemolytic

transfusion reactions, covering 38% of all non-serious trans-

fusion reactions but contributing 46% of the total cost.

Our results allow selecting transfusion reactions that

would be good targets for increasing blood transfusion

safety: these would be those transfusion reactions that

would be considered preventable and have a substantial

financial impact. The two most eligible types of transfusion

complications would therefore be circulatory overload,

which contribute substantially (26%) to the cost of serious

transfusion reactions, and new antibody formation, con-

tributing substantially (25%) to the cost of non-serious

transfusion reactions. These two transfusion reactions com-

bined account for 62% (28% + 34% respectively) of the total

cost savings potential anticipated by the experts. Whether

interventions that would increase transfusion safety would

be cost-effective, however, would require further study.

The estimated total costs of transfusion reactions in

this study are modest, in the order of 1% of the direct

cost of blood components for transfusion. Avoiding trans-

fusion reactions, however, not only reduces hospital

expenditure, but also improves the recovery and well-

being of patients. A haemovigilance system contributes to

the body of knowledge on transfusion reactions, which

not only enables the reporting of reactions by physicians,

but also provides insights into the risks of transfusion

reactions and possibilities for preventing them. This over-

view of the costs per type of transfusion reaction and the

likelihood of preventability will support clinicians, hospi-

tals and blood services in prioritizing their efforts to

reduce transfusion complications. Furthermore, it enables

organizations in the transfusion chain to take informed

decisions to refrain from adopting certain technologies or

justify the costs of additional safety measures.
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EXPERT QUESTIONNAIRE AND RESPONSE SUMMARY 

The mean expert response is provided per item, as well as the range of answers given (in brackets). 

 

Respondent information 

Respondent name 

Institution 

Function 

E-mail address 

Phone number 

      

Section A: Transfusion reactions 

Non-hemolytic transfusion reaction 

(Fever ≥2
o
C and/or rigors) 

Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 88 (1-100) 89 (1-100)  

Hemolysis Investigation (%) 75 (0-100) 62 (0-100)  

Blood group serology investigation (%) 88 (1-100) 87 (1-100)  

Bacteriology (%) 85 (1-100) 82 (1-100)  

Longer hospital stay (in days) 0.8 (0-1.5) 0 (0-0)  

Additional Hb check(s) (average) 0.6 (0-1) 0.3 (0-1)  

Extra nurse time (minutes) 38 (10-60) 33 (10-120)  

Haemovigilance co-worker time (minutes) 46 (0-120) 44 (0-120)  

Extra physician time (minutes) 17 (4-30) 14 (5-30)  

Other 60 (60-60) 75 (60-90) Additional analyst 

time (minutes) 

     

Acute transfusion Hemolytic 

Transfusion Reaction 

Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 88 (1-100) 89 (1-100)  

Hemolysis Investigation (%) 88 (1-100) 89 (1-100)  

Blood group serology investigation (%) 88 (1-100) 89 (1-100)  

Bacteriology (%) 71 (1-100) 42 (0-100)  

Additional check(s) blood biochemistry 

(average) 
2.8 (1-5) 1.9 (0-5)  

Additional check(s) antibody screening / 

blood group serology (average) 
1.4 (0-2) 0.9 (0-2)  

Longer hospital stay (in days) 1 (0-2) 0.3 (0-1)  

Additional Hb check(s) (average) 2.6 (1-4) 1.4 (0-2)  

Extra nurse time (minutes) 181 (15-1050) 52 (10-180)  

Haemovigilance co-worker time (minutes) 46 (0-120) 44 (0-120)  

Extra physician time (minutes) 37 (15-120) 20 (5-60)  



 

2 

 

Additional blood transfusion(s) (average) 1.8 (1-4) 0.4 (0-2)  

Other 60 (60-60) 75 (60-90) Additional analyst 

time (minutes) 

     

Delayed Hemolytic Transfusion 

Reaction 

Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 75 (0-100) 69 (0-100)  

Hemolysis Investigation (%) 88 (1-100) 88 (1-100)  

Blood group serology investigation (%) 88 (1-100) 88 (1-100)  

Bacteriology (%) 75 (0-5) 13 (0-1)  

Additional check(s) blood biochemistry 

(average) 
1.5 (1-3) 0.8 (0-2)  

Additional check(s) antibody screening / 

blood group serology (average) 
1.4 (0-2) 1 (0-2)  

Longer hospital stay (in days) 0.8 (0-2) 0 (0-0)  

Additional Hb check(s) (average) 2.1 (1-4) 1.1 (0-2)  

Extra nurse time (minutes) 19 (0-60) 10 (0-30)  

Haemovigilance co-worker time (minutes) 43 (0-120) 38 (0-120)  

Extra physician time (minutes) 34 (5-120) 14 (0-30)  

Additional blood transfusion(s) (average) 0.7 (0-2) 0.3 (0-2)  

Other 60 (60-60) 60 (60-60) Additional analyst 

time (minutes) 

     

Transfusion-Related Acute Lung 

Injury 

Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 100 (100-100) 100 (100-100)  

Hemolysis Investigation (%) 65 (0-100) 65 (0-100)  

Blood group serology investigation (%) 78 (0-100) 78 (0-100)  

Bacteriology (%) 46 (0-100) 36 (0-100)  

Chest X-ray (%) 96 (75-100) 83 (25-100)  

HLA investigation (%) 82 (0-100) 59 (0-100)  

Longer hospital stay (in days) 3 (2-5) 1 (0-3)  

Admission to ICU (in days) 2.3 (1-3) 0.6 (0-2)  

Extra nurse time (minutes) 74 (20-120) 34 (15-60)  

Haemovigilance co-worker time (minutes) 84 (0-300) 81 (0-300)  

Extra physician time (minutes) 61 (30-120) 36 (5-120)  

Other    

     

Transfusion-associated Circulatory 

overload 

Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 83 (1-100) 75 (0-100)  

Hemolysis Investigation (%) 27 (0-100) 28 (0-100)  

Blood group serology investigation (%) 27 (0-100) 28 (0-100)  

Bacteriology (%) 15 (0-100) 15 (0-100)  
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Chest X-ray (%) 78 (20-100) 48 (0-100)  

HLA investigation (%) 5.6 (0-50) 6.3 (0-50)  

Longer hospital stay (in days) 1 (0-2) 0 (0-0)  

Admission to ICU (in days) 1.2 (0-3) 0 (0-0)  

Extra nurse time (minutes) 62 (10-120) 28 (5-60)  

Haemovigilance co-worker time (minutes) 57 (0-120) 41 (0-120)  

Extra physician time (minutes) 41 (15-120) 17 (5-30)  

Administration of diuretics 100 (100-100) 100 (100-100)  

Other    

     

Anaphylactic reaction Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 100 (100-100) 94 (50-100)  

Hemolysis Investigation (%) 40 (0-100) 40 (0-100)  

Blood group serology investigation (%) 55 (0-100) 40 (0-100)  

Bacteriology (%) 49 (0-100) 32 (0-100)  

Chest X-ray (%) 30 (0-100) 7 (0-50)  

HLA investigation (%) 15 (0-100) 14 (0-100)  

IgA investigation (%) 58 (0-100) 44 (0-100)  

Additional medication (antihistamine, 

adrenalin, possibly corticosteroids) 
100 (100-100) 100 (100-100)  

Longer hospital stay (in days) 1.9 (1-3) 0.2 (0-1)  

Admission to ICU (in days) 0.9 (.5-1) 0 (0-0)  

Extra nurse time (minutes) 40 (15-60) 28 (10-60)  

Haemovigilance co-worker time (minutes) 53 (0-120) 38 (0-120)  

Extra physician time (minutes) 42 (15-120) 16 (5-30)  

Other 15 (15-15) 15 (15-15) Additional analyst 

time (minutes) 

     

Other allergic reaction Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 63 (0-100) 63 (0-100)  

Hemolysis Investigation (%) 15 (0-100) 15 (0-100)  

Blood group serology investigation (%) 15 (0-100) 15 (0-100)  

Bacteriology (%) 3.1 (0-25) 0.6 (0-5)  

Additional medication (antihistamine) 100 (100-100) 86 (0-100)  

Longer hospital stay (in days) 0.5 (0-2) 0 (0-0)  

Extra nurse time (minutes) 26 (5-60) 16 (5-30)  

Haemovigilance employee time (minutes) 41 (0-120) 38 (0-120)  

Other    
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New allo-antibody formation Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Blood group serology investigation (%) 88 (0-100) 88 (0-100)  

Hemolysis Investigation (%) 36 (0-100) 29 (0-100)  

Extra nurse time (minutes) 0 (0-0) 0 (0-0)  

Haemovigilance co-worker time (minutes) 28 (0-60) 23 (0-60)  

Inform patient, card, record in national 

registry 
100 (100-100) 100 (100-100)  

Other 60 (60-60) 60 (60-60) Additional analyst 

time (minutes) 

     

Post transfusion bacteremia/sepsis Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 81 (0-100) 75 (0-100)  

Hemolysis Investigation (%) 53 (0-100) 46 (0-100)  

Blood group serology investigation (%) 65 (0-100) 65 (0-100)  

Bacteriology (%) 100 (100-100) 100 (100-100)  

Longer hospital stay (in days) 2.3 (0-5) 0.7 (0-2)  

Extra nurse time (minutes) 56 (15-120) 26 (5-60)  

Haemovigilance co-worker time (minutes) 43 (0-120) 38 (0-120)  

Extra physician time (minutes) 55 (15-120) 29 (10-60)  

Broad-spectrum antibiotics 100 (100-100) 100 (100-100)  

Other 60 (60-60) 60 (60-60) Additional analyst 

time (minutes) 

     

Post transfusion viral infection Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Hemolysis Investigation (%) 0 (0-0) 0 (0-0)  

Extra nurse time (minutes) 14 (0-50) 3.6 (0-15)  

Haemovigilance co-worker time (minutes) 31 (0-60) 26 (0-60)  

Extra physician time (minutes) 58 (15-180) 53 (10-180)  

Virological investigation  100 (100-100) 100 (100-100)  

Treatment and check-ups 100 (100-100) 100 (100-100)  

Other 30 (30-30) 30 (30-30) Additional time out 

patient clinic nurse 

(minutes) 

     

Other reactions Severity grade 2, 

3 of 4 

Severity grade 0-1 Further 

comments 

Exclusion of administrative errors (%) 100 (100-100) 100 (100-100)  

Hemolysis Investigation (%) 86 (50-100) 76 (25-100)  

Blood group serology investigation (%) 83 (50-100) 69 (25-100)  

Bacteriology (%) 68 (25-100) 54 (5-100)  

Longer hospital stay (in days) 1.6 (0-3) 0.3 (0-2)  
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Admission to ICU (in days) 0.2 (0-1) 0 (0-0)  

Extra nurse time (minutes) 28 (5-60) 34 (5-120)  

Haemovigilance co-worker time (minutes) 41 (0-120) 39 (0-120)  

Extra physician time (minutes) 38 (5-120) 20 (5-60)  

Chest X-ray (%) 36 (1-50) 13 (0-50)  

ECG (%) 36 (0-75) 4 (0-10)  

Other 60 (60-60) 75 (60-90) Additional analyst 

time (minutes) 

    

Section B: Complementary investigation 

Ruling out administrative errors Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Identification check of the patient (in bed) (%) 89 (0-100) 89 (0-100)  

Identification of correct transfusion bag (%) 100 (100-100) 100 (100-100)  

Identification check patient (when sampling 

blood) and identification of sample tubes (%) 
94 (50-100) 79 (0-100)  

Check correct selection of blood component 

(+ lab technician) (%) 
94 (50-100) 89 (0-100)  

30 minutes of work for the nurse in total per 

transfusion reaction (%) 
70 (10-100) 53 (0-100)  

Other 30 (30-30) 30 (30-30) Additional analyst 

time (minutes) 

     

Hemolysis diagnostics Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Assess plasma + urine color (%) 86 (0-100) 81 (30-100)  

LDH after 24-48 hours (%) 89 (0-100) 76 (5-100)  

Bilirubin (unconjugated) (%)  89 (0-100) 71 (0-100)  

Haptoglobin (%) 87 (0-100) 76 (5-100)  

Other 0 (0-0) 0 (0-0) LDH determination 2 

hrs post transfusion 

     

Blood group serology diagnostics Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Repeat ABO and Rhesus D blood group 81 (0-100) 92 (25-100)  

Antibody screening in indirect anti-globulin 

test (%) 
79 (0-100) 90 (10-100)  

Direct anti-globulin test (check for mixed 

field) (%) 
79 (0-100) 84 (10-100)  

Full crossmatch with patient samples from 

before and after transfusion (%) 
79 (0-100) 84 (10-100)  

Determination of ABO and Rhesus D blood 

group of all donor RBC units 
75 (0-100) 75 (0-100)  

(if applicable) antibody identification (%) 70 (0-100) 80 (10-100)  

In any case excluding other antibodies 

according to guideline before and after 

transfusion (%) 

79 (0-100) 90 (10-100)  

If (biochemical) hemolysis present, 58 (0-100) 41 (0-100)  
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investigation of eluate in a sensitive technique 

(even if DAT is negative) (%) 

If eluate is positive, testing of patient for the 

cognate antigen (check for to mixed field) (%) 
79 (0-100) 79 (0-100)  

Testing donor unit for the cognate antigen (%) 67 (0-100) 78 (0-100)  

If (biochemical) hemolysis found but negative 

findings in above investigations, consulting 

the reference laboratory (%) 

40 (0-100) 40 (0-100)  

Other    

     

Bacteriological diagnostics Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

Blood cultures (aerobic/anaerobic) from 

patient (%) 
82 (0-100) 86 (30-100)  

Cultures (aerobic/anaerobic) on remaining 

blood and all units administered before or 

during the transfusion reaction (%) 

70 (0-100) 68 (0-100)  

Other 86 (0-100) 93 (50-100)  

     

Chest X-ray Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

When clinical and X-ray TRALI: HLA and 

granulocyte antibodies in donor(s) and patient 

in consultation with Sanquin (%) 

100 (100-100) 88 (0-100)  

Other    

     

IgA diagnostics Severity grade 2, 

3 or 4 

Severity grade 0-1 Further 

comments 

IgA level, anti IgA, possibly IgA subclass 

investigation (%) 
64 (0-100) 58 (0-100)  

Other    

    

Section C: preventability of transfusion reactions 

Transfusion reaction Point estimation Range 

min max 

NHTR (%) 2 (0-5) 0 (0-0) 5 (0-10) 

AHTR (%) 52 (0-100) 71 (0-98) 78 (10-100) 

DHTR (%) 19 (0-80) 19 (0-70) 51 (10-95) 

TRALI (%) 25 (0-99) 35 (0-98) 44 (5-100) 

Transfusion-associated circulatory overload 

(%) 
57 (0-95) 49 (10-90) 68 (20-100) 

Anaphylactic reaction (%) 18 (0-50) 14 (0-40) 30 (20-60) 

Other allergic reaction (%) 23 (0-90) 31 (0-85) 44 (0-95) 

New allo-antibody+B246 (%) 38 (0-80) 38 (0-70) 53 (0-90) 

Post transfusion bacteremia / sepsis 34 (0-90) 41 (0-85) 51 (0-100) 

Post transfusion viral infection (%) 36 (0-99) 45 (0-98) 53 (0-100) 

Other reactions (%) 5 (0-30) 7 (0-20) 13 (0-40) 
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