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Study objective: Perioperative transfusion is associated with reduced survival

and increased morbidity and mortality. Several studies report wide variation

in clinical transfusion practice. However, the influence of simple, practical

factors–such as which blood products are available, and when - is often

disregarded. We hypothesized that these practical issues are relevant

confounders of transfusion decisions.

Design: Web-based survey.

Setting: Multi-institutional.

Participants: Members of the European Association of Cardiothoracic

Anesthesiology and Intensive Care (EACTAIC) society reached by monthly

newsletter in November 2020.

Interventions: No interventions.

Measurements: Survey responses.

Main results: The newsletter was opened by 429 members. We collected 51

complete surveys, resulting in a response rate of 11.9%. 72% of participants

reported having a local algorithm for the use of blood products and

coagulation factors. Latency in the time of blood product delivery / availability

and the possibility to store or return unused products were most often

reported as having an influence on transfusion practice. For point-of-care

test availability, 86% of addressees reported rotational thromboelastometry

/ -elastography, 76% hemoglobin tests, 24% international normalized ratio

(INR) measurement and 22% platelet function testing. Six percent of the

respondents did not have access to point-of-care tests. The majority of

addressees reported that they were able to obtain more than 10 allogeneic
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blood products simultaneously (63%). Packed red blood cells were available

with a delay of 10–15min and platelets with a delay of 15–20 min.

Conclusions: Our survey indicates a wide variability in the logistics of

perioperative transfusion practice. The information gained could provide

a solid basis for future improvements of the guidelines, but also in local

transfusion practices.

KEYWORDS

transfusion, logistics, EACTAIC survey, transfusion algorithm, transfusion variability

Introduction

Perioperative red blood cell (RBC) transfusion has been

associated with increased morbidity and reduced survival in

cardiac surgery [1–3]. As objective measures to determine

global tissue hypoxia are lacking and the identification

of patients needing RBC transfusion is difficult (based

solely on age, hematocrit or co-morbidities), comprehensive

recommendations have been proposed to guide peri-operative

RBC transfusion in this setting [4–6]. Although recent data

from the Society of Thoracic Surgeons show declining blood

product use over the past years [7], several studies have reported

poor adoption of guidelines and wide variation in daily clinical

practice [8–12].

The influence of the following simple factors is usually

disregarded in related studies and guidelines: (1) which blood

products are available to the transfusing physician, and when;

(2) what are the factors influencing the internal algorithms, and

(3) what kind of transfusion behavior exists among physicians?

We hypothesize that local practical issues are an important

contributor to transfusion decisions and may explain some

of the variability in transfusion guideline adoption. A better

understanding of these issues would allow to address them

in upcoming guidelines and to reduce the incidence of

unnecessary transfusions.

Materials and methods

In cooperation with the European Association of

Cardiothoracic Anesthesiology and Intensive Care (EACTAIC)

society, the authors developed a web-based survey addressing

local factors in logistics and organization that may have

an influence on transfusion practice. The survey consisted

of 34 questions on transfusion practice and three additional

questions on place of work, clinical experience of the responsible

physician, and main field of practice. These were optional, to

maintain privacy in small centers if desired. Survey questions

were set up by two authors (Daniel Gerber and Gabor Erdoes)

and reviewed by a senior consultant with more than 30 years

practice in cardiac anesthesia. The estimated completion time

was <7min. The link to the survey was sent to all EACTAIC

members via the association’s monthly newsletter in November

2020. A reminder was sent 4 weeks later, in December

2020. The survey was conducted using the Survey Monkey

web platform [13] and responses were collected between

November 2020 and January 2021. Based on a population

size of 500 subjects, a confidence level of 95% and a margin

of error of 10% we aimed to collect at least 81 responses. No

incentive was offered for completion of the survey. In the

questionnaire, the term “labile blood products” was used for

packed red blood cells [PRBC], fresh-frozen plasma [FFP]

and platelet concentrates [PLTC]. For better international

understandability, the term “allogeneic blood products” will

be used in this article. “Coagulation factor concentrates”

was the category name used for fibrinogen concentrate,

prothrombin complex concentrate [PCC], and recombinant

FVIIa. This nomenclature will be used throughout the article.

Results are reported as percentage or median and interquartile

range (IQR).

Results

Demographic data

We received 66 survey responses including 51 complete

surveys. Fifteen responses were incomplete, mostly consisting

of only two answers, suggesting a technical problem, as there

was a skip logic after question 2 in the survey. Since 429

members opened the newsletter, this resulted in a response rate

of 11.9%. This results in a margin of error of 13% with a 95%

confidence level.

Most responses were collected from participants working in

cardiac surgery (88%). Other respondents came from intensive

care medicine (4%), vascular anesthesia, thoracic anesthesia and

other fields of anesthesia (2% each) (Table 1).

Responses came from 25 countries across Europe with the

majority of responses from hospitals in Germany, Switzerland

(12% each) and the United Kingdom (10%). Place of work has
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TABLE 1 Demographic characteristics.

Characteristics Number of

responses

Relative %

Type of hospital

University (academic)

hospital:

34 66.7%

Government / public

hospital

11 21.6%

Private hospital 6 11.8%

Number of cardiopulmonary bypass procedures

<500 13 25.5%

500–1,000 20 39.2%

1,001–2,000 17 33.3%

>2,000 1 2%

Years of respondent’s experience

<5 years 0 0%

5–10 years 6 12%

11–20 years 22 45%

>20 years 21 43%

Main field of activity of the respondent

Cardiac anesthesia 45 88%

Vascular anesthesia 1 2%

Thoracic anesthesia 1 2%

Anesthesia for other

fields

1 2%

Intensive care 2 4%

Other 1 2%

been a voluntary answer, of two hospitals, double answers have

been collected.

Most respondents were employed in hospitals, with 67%

working in a university hospital and 22% in a non-academic

hospital. 12% of responses came from EACTAIC members

working in private hospitals. Experience performing cardiac

surgery with cardiopulmonary bypass (CPB) was distributed

as follows: 25% of centers performed fewer than 500 CPB

procedures per year, 40% between 500 and 1,000 procedures, and

33% between 1,000 and 2,000 procedures. 12% of respondents

had between 5 and 10 years of work experience, 45% between 11

and 20 years, and 43% more than 20 years (Table 1).

Transfusion algorithms and practice

72% of participants reported having a local algorithm to

administer blood products and coagulation factors. Several

features were reported as having an influence on the local

transfusion algorithm (Figure 1): the availability of allogeneic

blood products (16%), the availability of coagulation factors

(14%), the latency of time between ordering and receipt of

products (24%) and other logistical issues, such as the possibility

to store or return unused products (12%). 67% of respondents

reported that these factors had no influence on their local

transfusion algorithm.

The influence on transfusion practice was also investigated

(Figure 2), with 37% indicating that the availability of allogeneic

blood products had an impact on practice, and 30% naming

factor concentrates. For 53% of respondents, the time between

ordering and receiving products, and for 29% other logistical

aspects, such as the ability to store or return unused products,

had an impact on their transfusion practice. Only 29% of

respondents indicated that these factors had no influence on

their transfusion practice.

Regarding point-of-care (POC) test availability, 86%

reported that rotational thromboelastometry/-elastography was

available at their institutions (14% for both), 76% had access

to POC hemoglobin measurements, 24% had POC-PT (INR)

measurements, and 22% had POC platelet function testing.

6% of respondents did not have any of the above-mentioned

POC devices. Due to the low return rate, we did not group the

answers according to level of care (academic/non-academic) or

hospital size.

Ordering and delivery

The majority of respondents stated that ordering of

allogeneic blood components was handled by calling the blood

bank (67% of responses, Table 2). 33% reported using an

electronic system. Both options were associated with a high

level of satisfaction (80% [IQR 59.5–89] and 80% [IQR 60–

89], respectively). For telephone ordering, 81% of respondents

indicated that the telephone contact was always available. A

lab technician was most likely to answer the phone (81%),

and language barriers were cited as a problem in 12% of

calls. In most centers, a central contact person in the blood

bank was responsible for receiving orders for allogeneic blood

products (94%). In most institutions, the transfusing physician

himself ordered blood products (82%), but other staff members

(e.g., nurses) also played an important role in ordering for

56% of the respondents. Allogeneic blood products were most

frequently ordered from the operating room (80%), followed

by an anteroom within the operating room (10%) or a location

outside the operating room (10%). The indication for use had

to be stated in 59% of the responses when ordering allogeneic

blood products.

Delivery

Regarding the delivery of blood products, the majority

of respondents indicated that they could receive more

than 10 allogeneic blood products at one time (63%).
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FIGURE 1

Factors influencing local transfusion algorithms. Y-axis: Frequency of answers.

FIGURE 2

Factors influencing transfusion practice. Y-axis: Frequency of answers.

About one third of respondents reported receiving only

3–10 products (29%) or 2 products or less (8%) as

shown in Table 3.

Most respondents (86%) reported that a delivery person

transported the allogeneic blood products to the operating room.

Pneumatic transport systems were used in 12% of cases, and
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TABLE 2 Ordering of labile blood products.

Characteristics Number of

responses

Relative %

Ordering of labile blood products

Electronically (via computer / tablet) 21 33 %

Phone call 42 67%

Point of contact in the ordering of labile blood products

One centralized contact at blood bank 48 94%

Separate contacts for red blood cells*,

fresh frozen plasma and platelets

3 6%

Who orders the blood products*

Transfusing physician 41 80%

Representative (nurse, other person) 29 57%

Room or area where products are ordered from

Operating room 41 80%

Anteroom 5 10%

Room outside the operating tract 5 10%

Does the indication have to be given when ordering labile blood products

Yes 30 59%

Who has to be involved in the transfusion of labile blood products*

Transfusing physician 40 79%

Senior physician from the

anesthesiology department

20 40%

Surgeon 8 16%

Hematologist 4 8%

Who has to be involved in the transfusion of coagulation factor concentrates*

Transfusing physician 40 79%

Senior physician from the

anesthesiology department

19 37%

Surgeon 6 12%

Hematologist 5 10%

*Multiple answers allowed.

only a minority picked up the products from the blood bank

themselves (2%). RBCs were available with a median delay of

10–15min, with 16% of respondents reporting availability in

<5min and 25% reporting a waiting time of more than 20min

(Fig 3). For platelets, a median delay of 15–20min was reported

between order and delivery, with 12% of respondents reporting

availability in <5 minutes and 37% reporting a waiting time of

more than 20min (Figures 3, 4). Satisfaction with delivery times

was a median of 80 on a visual analog scale of 0 (dissatisfied) to

100 (completely satisfied) [14].

Control, storage, and disposal

Post-delivery management of allogeneic blood products was

heterogeneous: 33% transfused immediately, 25% used storage

in a nearby room (e.g., anesthesia induction room), 29% stored

TABLE 3 Delivery of labile blood products.

Characteristics Number of

responses

Relative %

Number of products that can be sent

≤2 products 4 8%

3–10 products 15 29%

>10 products 32 63%

Means of transportation for labile

blood products

Pneumatic transport system 6 12%

Delivery person 44 86%

Picked up by transfusing personnel 1 2%

Place of delivery

Directly to the operation theater by

delivery person

25 49%

To a nearby room/induction room by

delivery person

19 37%

Collection area for pneumatic post

outside of the operation theater

4 8%

Pneumatic post-delivery directly to the

operating theater

3 6%

Who is in charge of receiving the labile blood products*

Transfusing physician 28 56%

Representative (nurse, other person) 43 86%

Thawed FFP (not matched to a specific patient) kept ready in the laboratory

Yes 16 32%

*Multiple answers were allowed.

the products refrigerated in the operating room (OR), and 12%

stored unrefrigerated products in the operating room. 39% of

the respondents performed a traditional bedside test, while 10%

implemented electronic bedside scanning and 51% relied on

dual control to verify patient compatibility prior to transfusion.

Even after testing the products, significant heterogeneity exists:

47% transfused immediately, 27% kept products unrefrigerated

in the OR until transfusion, and 25% stored products in an

OR refrigerator. Coagulation factor concentrates were available

in the OR for 43% of respondents, 35% stored them in the

central laboratory, and 22% stored them at another collection

point in the hospital (e.g., in the emergency department or in

a central storage area outside the OR). 70% of the responders

dispose of blood products in special waste and 30% do so in

normal garbage.

Discussion

Transfusion practice for cardiac surgery is known to vary

between centers as well as between physicians [15, 16]. We

set up this survey together with EACTAIC to evaluate whether
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practical issues and logistic factors have an influence on

transfusion behavior. As main finding, the data from our survey

show wide variability in the logistics of perioperative transfusion

and a relevant subjective influence of these factors mainly on

transfusion practice and to a lesser extent on local transfusion

algorithms. Time to delivery of allogeneic blood products

was the most frequently cited factor influencing transfusion

behavior. The reported variability might explain part of the

inconsistencies and mixed effects of interventions aiming to

reduce transfusion rate.

To our knowledge, this is the first survey to assess

basic/logistical factors affecting transfusion practices.

As the survey was sent to all EACTAIC members,

the targeted study population (patients undergoing

cardiothoracic and vascular procedures) had high exposure to

perioperative transfusion.

Studies have shown reduced blood transfusion with a

multidisciplinary approach in cardiac surgery, but logistic

issues have not been addressed [17]. Delivery times have been

reduced by using pneumatic delivery systems [18], but the

small proportion of respondents using a pneumatic delivery

system did not appear to experience clinically relevant shorter

delivery times. Thismight be an indicator that the transportation

system is only a small contributor to delivery latency. A further

reduction of transfusion incidence was shown with the use of

viscoelastic tests, which are fortunately well-available according

to our results (86%). The use of point-of-care tests might as

well-have significant effects on the delay between “bleeding

due to coagulation disorders” and “administering the correct

products,” this has not been considered in our survey or in a

previous work.

We found a high rate of 67% ordering by phone call.

Separating delivery times depending on electronic ordering vs.

ordering by phone call as in Figure 4 suggests that delivery

times might be shorter with electronic ordering, but drawing

firm conclusions is prohibited by the low overall response

rate. The delivery times for coagulation factor concentrates

where not queried, but assuming shorter availability times when

the products are available in the OR (43% in our survey)

compared to storage in other locations seems reasonable. This

assumed benefit has to be weighed against more challenging

stock management, place requirements and sometimes billing

issues too.

Since a considerable amount of blood products are stored

unrefrigerated in the operation theater (12% before testing, 27%

after testing), the use of an indicator on the products to reveal

long unrefrigerated storage times should be considered.

We find it reasonable that logistical factors would have a

major influence on transfusion practice. In many situations,

the transfusing physician (and of course the patient) bears

the brunt of a delayed or canceled transfusion (e.g., greater

blood loss, hemodynamic instability, re-do surgery due to

bleeding, hemodynamic instability) and has a high awareness

FIGURE 3

Delivery time for packed red blood cells (PRBC). Y-axis: number

of answers.

FIGURE 4

Delivery time for platelet concentrates (PLT). Y-axis: number of

answers.

therefore, while the consequences of unnecessary transfusions

(increased morbidity and mortality, higher hospital costs)

remain hidden.

Although this is pure interpretation, we think that

the subjective benefits of transfusion might lead to risk-

averse behavior, a concept borrowed from economics

and sociology [19]. In combination with (perceived) long
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delivery times and absent possibilities for storage and

return of unused products, this might be a significant

factor influencing the incidence of transfusions. In

cardiac surgery, the interaction with the perfusionist has

a high potential for altering transfusion requirements

through different perfusion techniques, transfusion

triggers and transfusion cultures across the professional

guilds. Increasing physicians’ awareness and education

have been proposed by others [20] as a way to improve

transfusion strategies.

The results of this survey shed light on the potential

benefits of adjusting institutional conditions and processes

to improve adherence to transfusion guidelines. This

has the potential to reduce mortality and morbidity and

improve cost efficacy. Approaches must be tailored to very

specific logistical issues and needs, and input is necessary

from the person responsible for facility transfusions.

Benchmarks of transfusion incidence compared to other

hospitals as well as a monitoring tool for transfusion

frequency on an individual basis might be helpful, although

care must be taken to ensure that baseline factors are

appropriately corrected, because different case mixes, patient

factors, and surgeons have a major impact on transfusion

behavior [15].

A strength of this study is the focus on the practical and

logistical aspects of perioperative transfusion – an issue poorly

studied in the past. Transfusion variability is well-known and

also other factors might be relevant – e.g., awareness of the

costs, seasonal differences in view of shortages of blood products

or different individual triggers for transfusion [11, 12, 15, 16].

In order to keep the time required to complete short, this

survey did not cover these issues. The main limitation is,

however, the low response rate, which was calculated from

the total number of newsletters opened in which the survey

was originally embedded. This is probably a very generous

but honest calculation - to the disadvantage of the reported

response rate - especially as not all members who read the

newsletter also want to answer the survey. A further reason for

the low response rate could be explained by “survey fatigue,”

with large numbers of surveys sent out during the COVID-19

pandemic, as well as the fact that we decided against offering

an incentive for survey completion, an intervention known to

improve response rates [21]. Voluntary surveys have an inherent

bias because primarily people who are interested in the topic

answer them.

We consider 51 fully completed response

forms from 25 countries in combination with the

authors experience to be a solid basis - even if not

representative–for drawing initial conclusions from

transfusion practice in our subspecialty. The responses

will help us to plan further studies in this area with

the aim to improve patient care in cardiovascular and

thoracic surgery.

Conclusions

Significant differences in transfusion logistics were found in

European cardiovascular and thoracic centers. The information

obtained in this survey highlights deviations from the most

recent transfusion guidelines. They could provide a solid basis

for future improvements of the guidelines, but also in local

transfusion practices.
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