
https://doi.org/10.1177/0267659119895474

Perfusion
2020, Vol. 35(7) 574–586

© The Author(s) 2020

Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/0267659119895474

journals.sagepub.com/home/prf

Introduction

Blood transfusion of red blood cells increases the oxygen-
carrying capacity of the blood and can be lifesaving in 
cases of extreme blood loss or hypotension. Although 
blood transfusion is a commonly performed procedure in 
the operating theater, a wide range of transfusion-related 
complications should be taken into account in balancing 
the risks and benefits of the intervention. These complica-
tions include but are not limited to transfusion-associated 
immunomodulation and increased risk of infections,1,2 
which adversely affect postoperative morbidity and mor-
tality rates. Illustrated by a dose-dependent relationship, 
patients receiving fewer blood transfusion products 
appear to have superior outcomes compared to patients 
receiving more blood products.1,3 In addition to the clini-
cal benefit, decreasing the consumption of blood products 
significantly reduces health care costs.4

In the cardiac surgery population specifically, trans-
fusion rates may be as high as 88%.5 This can be partially 
explained by the fact that the use of a cardiopulmonary 
bypass (CPB) circuit is inherently accompanied by 
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hemodilution and reduction of plasma colloid osmotic 
pressure.6 Besides the adverse effects of hemodilution 
by itself, that is, an increased risk of neurological com-
plications,7,8 the concomitant lowered hematocrit value 
below a certain threshold is considered a “transfusion 
trigger” exposing the patient to the potential harmful 
effects of blood transfusion. Apart from the obligatory 
hemodilution while using the CPB system, the cardiac 
surgical patient is often predisposed to an additional 
increase in risk of postoperative complications by 
receiving transfusion products.1–3,9

Accumulating evidence regarding the side effects of 
packed red blood cells (PRBC) transfusion resulted in 
an increasing interest in bloodless cardiac surgery. 
Several modifiable factors playing a role in the likelihood 
of a patient receiving blood transfusion have been identi-
fied, including the priming volume of the CPB circuit.10,11 
Measures used to avoid or minimize the use of transfu-
sion products include preoperative iron and erythropoi-
etin supplementation,12 techniques to reduce the priming 
volume of the CPB circuit by means of a minimized sys-
tem,13 the use of cell salvage devices for autotransfu-
sion,14,15 and retrograde autologous priming (RAP). 
During the latter,  a part of the patient’s own blood is 
passively drained into the CPB circuit, replacing part of 
the crystalloid or colloid-based priming solution before 
initiating bypass. During initiation of CPB, a variable 
volume of blood is passively drained from the patients’ 
circulation into the CPB circuit before initiating 
bypass.16 The RAP technique was first described by 
Panico and Neptune,17 then adapted by Rosengart 
et al.,16 whose proposed RAP protocol is still being used 
in clinical practice to date. Compared to conventional 
priming of the CPB system, RAP appears effective in 
terms of decreasing the deleterious effects of hemodilu-
tion.18,19 Although the technique has been applied in 
cardiac surgical centers since several decades, study 
results remain contradictory in terms of its effects on 
hematocrit level and transfusion requirements.20

The aim of this review was to assess whether adult 
patients undergoing cardiac surgery with CPB using 
RAP require fewer PRBC transfusions compared to 
patients undergoing CPB with conventional priming of 
the circuit.

Methods

This review was written according to the guidelines pro-
vided by the PRISMA statement for reporting system-
atic reviews.21

Types of studies and outcome measures

In this review, observational and experimental studies 
were assessed that met the following criteria: 1. patients 
underwent cardiac surgery with CPB using either the 

RAP technique or conventional priming of the circuit, 
and 2. studies reported any of the following outcome 
measures: use of allogeneic blood transfusion or use of 
PRBCs intraoperatively and/or perioperatively. The 
search was limited to original full-length articles written 
in English published between 14th February 2009 and 
14th February 2019. Articles published over 10 years ago 
were not considered eligible for inclusion due to the use 
of outdated CPB techniques.

The primary outcome measure was the intraopera-
tive use of erythrocyte transfusion products and/or the 
proportion of patients receiving erythrocyte transfusion 
products.

Participants

Each study includes human adult patients undergoing 
elective cardiac surgery and each study includes both 
male and female patients.

Data source and search strategy

Using the PubMed database, original research articles 
were retrieved by the combination of MeSH terms and 
free search terms as shown in Table 1. Screening the ref-
erences in the retrieved papers identified eventual stud-
ies that might have been missed. Studies that were not 
published as a full-length article were excluded. The 
detailed search strategy is provided in Figure 1.

Study inclusion

Two authors independently reviewed the studies for eli-
gibility. First, the title and the abstract of all studies 
obtained from the PubMed search were screened. 
Articles that did not match the objective of this review 
were excluded. After initial screening, potentially rele-
vant studies were read in full text.

Data collection

Data from the studies were extracted by one author and 
summarized in a data extraction sheet. The following 
items were collected: the first author’s surname, year of 
publication, study design, the intraoperative blood pres-
sure target, the PRBC transfusion trigger, type of sur-
gery, blood pressure target while on CPB, type of 
priming solution (colloid or crystalloid), type and vol-
ume of cardioplegic solution, and the number of patients 
included (in total and per group). The following items 
were collected from each study group (RAP group and 
conventional priming of the CPB circuit, which will be 
referred to as the “conventional CPB” group): propor-
tion of the male gender of patients, CPB duration, the 
patients’ weight and/or body mass index (BMI), and/or 
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body surface area (BSA). With regards to the fluid bal-
ance, the following items were retrieved for both study 
groups: use (and volume) of hemofiltration, use (and 
volume) of autotransfusion, intraoperative blood loss, 
CPB priming volume, and preoperative hematocrit and/
or hemoglobin values.

Primary study outcomes were the proportion of 
patients who received PRBC transfusions in the periop-
erative period in both study groups (RAP vs. conven-
tional CPB) and/or the number or volume of PRBC 
transfusions in both study groups. Study outcomes have 
not been modified since no meta-analysis was per-
formed.

Risk of bias assessment in individual studies

The methodological quality of the included observa-
tional studies was assessed using the modified Cochrane 
collaboration Risk of Bias Tool,22 while the RTI Item 
Bank was used for the assessment of randomized stud-
ies.23 In both bias assessment tools, several topics are 
assessed regarding the different types of bias. The author 
of this review assessed the risk of bias of each included 

study using either the 7 items of the Cochrane tool or 
the 13 items of the RTI tool. Each item was scored as 
follows: low risk of bias (LR), questionable risk of bias 
(QR), or high risk of bias (HR). No assessment of risk 
across studies was performed.

Results

The PubMed search resulted in 241 studies. After applica-
tion of search filters (published in the past 10 years, human 
studies, and written in English), 108 studies remained eli-
gible for inclusion as presented in Figure 1. After reading 
the titles and abstracts, eight studies were considered for 
data extraction. Of these eight, two were randomized stud-
ies, while the remaining six were observational studies.

Study characteristics

In Table 2, the study characteristics are shown, while 
Table 3 shows surgical and CPB data of all included 
studies and Table 4 shows a summary of the data con-
cerning blood transfusions. All studies were single-
center studies. The number of study participants 
ranges from 62 to 14,898 with a mean age of patients 
in the RAP group of 62.1 years old, and in the control 
group 60.9 years old. The study by Cheng et  al.19 
included the youngest study participants with a mean 
age of 43 years in the RAP group and 32 years in the 
conventional CPB group. In all studies, proportion-
ally more male than female patients were included; 
the average proportion of males was 74% in the RAP 
group and 73.4% in the control group. Some studies 
used exclusion criteria, which were mostly consisting 
of any other type of cardiac surgery than coronary 
artery bypass grafting (CABG) and emergency proce-
dures. The study by Ševerdija et al.24 used additional 
exclusion criteria related to the fluid balance, that is, 
fluids volume administered by the anesthesiologist 
>1,000 mL, cardioplegic volume >1,000 mL, and 

Table 1.  PubMed search strategy.

Search terms MeSH terms Free terms

patients Humans, Adult adult, human
intervention RAP, retrograde autologous priming, autologous priming, blood 

management, blood conservation
control Hemodilution conventional, conventional haemodilution, conventional hemodilu-

tion, normovolemic haemodilution, normovolemic hemodilution
setting Coronary Artery Bypass, Cardiopulmonary 

Bypass, Extracorporeal Circulation, Tho-
racic Surgery, Cardiac Surgical Procedures

cardiac surgery, cardiothoracic surgery, CABG, coronary artery by-
pass, coronary artery bypass graft, coronary artery bypass grafting, 
open heart surgery

outcome Blood transfusion, Erythrocyte Transfusion blood transfusion, allogeneic blood transfusion, erythrocyte transfu-
sion, red packed cell

CABG: coronary artery bypass graft; MeSH: medical subject headings; RAP: retrograde autologous priming.

Figure 1.  Study flow chart.
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blood loss during surgery >1,000 mL. In each study, 
the total volume of priming volume was significantly 
lower in the RAP group versus the conventional CPB 
group, approximately 862 and 1,631 mL, respectively, 
average volume for all eight studies (p = 0.001, Mann–
Whitney U test).

Risk of bias within studies

The risk of bias was assessed using the modified 
Cochrane collaboration Risk of Bias Tool for the ran-
domized studies, while the RTI tool was used for the 
observational studies. The randomized studies by 
Cheng et al.19 and Reges et al.25 were not entirely free 
of bias. Table 5 depicts a brief elucidation on the risk 
of bias for each predetermined type of bias in each 
study, whereas in Table 6 a overview of the risk of 
bias is presented. Only in the two randomized trials 

blinding was performed. This concerned the out-
come assessor, meaning the staff at the intensive care 
unit who were responsible for administrating blood 
products whenever the transfusion trigger was 
exceeded. All observational studies reported the 
transfusion trigger administered in their hospital, 
varying from a hemoglobin level of <7.5 to <8 g/dL 
and/or a hematocrit level <23% to <25% (Table 4). 
Both randomized trials, on the other hand, did not 
report their transfusion trigger.

The assessment of bias in the observational studies 
is presented in Tables 7 and 8 using the same three 
categories of risk of bias. An overall assessment is 
provided by the last of the 13 items. All studies are 
flawed by at least a high risk bias of bias score on one 
item of the bias assessment. Multiple types of bias 
could not be excluded in all individual studies. 
Overall, reporting bias was likely to be present due to 

Table 4.  Outcomes regarding blood transfusion.

First author Outcome definition Tranfusion 
trigger

Univariate analysis Multivariate analy-
sis: OR (95% CI)/p 
valueRAP: PRBC 

transfusion
Conv: PRBC 
transfusion

RAP 
superior

p value

Cheng et al.19 Perioperative RBC 
transfusion (%)

− 54.2 95.8 Yes <0.001 −

Intraoperative RBC 
transfusion (%)

− 19.1 88.3 <0.001 −

Reges et al.25 Intraoperative RBC 
transfusion (%)

− 11.1 17.1 No NS −

Postoperative RBC 
transfusion (%)

− 37.0 34.4 NS  

Postoperative RBC 
transfusion (mL)

− 580.0 ± 80.0 500.0 ± 85.3 NS  

Kearsey et al.26 Blood transfusion (%) Hb ⩽ 8 g/dL 36 40 No NS −
Nanjappa et al.27 Intraoperative RBC 

transfusion
Hct < 24% or 
Hb < 7.5 g/dL

− − No 0.43 −

Ševerdija et al.24 Perioperative RBC 
transfusion (%)

Hct < 23% 6 26 Yes 0.012 RAP (y/n): 6.12 
(1.20-31.54)/0.012

Intraoperative RBC 
transfusion (n)

4 22 0.041 −

Stammers 
et al.28

Intraoperative RBC 
transfusion (%)

Different trig-
gers in the dif-
ferent hospitals, 
none reported

20 26.7 Yes <0.001 −

Trapp et al.18 Mean intraoperative 
RBC transfusions (n)

Hb < 8 g/dL 0.27 ± 0.64 1.3 ± 1.41 Yes <0.01 −

Mean perioperative 
RBC transfusions (n)

1.13 ± 1.78 3.20 ± 2.66 0.01 −

Vandewiele 
et al.29

Mean intraoperative 
RBC transfusions (n)

Hct ⩽ 25% 0.58 ± 1.11 0.89 ± 1.42 Yes 0.001 RAP volume: 
0.997 (0.996-
0.999)/<0.001

Intraoperative RBC 
transfusion (%)

26.1 33.3 0.038 −

–: no values documented in this publication. conv: conventional CPB or control group; Hb: hemoglobin; Hct: hematocrit; NS: non-significant; OR: 
odds ratio; PRBC: packed red blood cells; RAP: retrograde autologous priming.
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the fact that none of the studies reported all possible 
factors which influence the patients’ fluid balance: 
the type and dose of cardioplegic solution, the mean 
arterial blood pressure target during CPB, use and 
volumes of autotransfusion, use and volumes of 
hemofiltration, intraoperative and postoperative 
blood loss, urine output, and the patients’ body 
weight/length/BMI.

Individual studies

Eight studies aiming at determining whether the use of 
RAP during CPB is beneficial in terms of minimizing 
PRBC requirements were included. Five studies, of which 
one randomized19 and four observational studies,18,24,28,29 
reported a significant difference in PRBC transfusion in 
favor of the RAP group. All studies used the number of 
intraoperative transfusions per patient or the proportion 

of patients receiving intraoperative transfusions as an 
outcome measure. Ševerdija et al.,24 Cheng et al.,19 and 
Trapp et  al.18 also reported perioperative transfusions, 
which is the sum of all transfusion products used dur-
ing and following the surgical procedure. Two observa-
tional studies also performed a multivariate analysis 
with either the use of RAP as a dichotomous variable or 
the RAP volume as a predictor for PRBC require-
ments.24,29 Both studies report a significant contribu-
tion of RAP in the prediction model of PRBC 
transfusion.

Three studies,25,26,27 of which one randomized trial, 
did not find any significant difference in PRBC transfu-
sions between the RAP and conventional CPB group. 
Moreover, the three studies that found no effect of RAP 
all use higher priming volumes in both the RAP and 
control groups compared to the studies that found a sig-
nificant benefit of RAP. More specifically, the priming 

Table 5.  Assessment of bias of randomized studies.

Random sequence 
generation— 
selection bias

Allocation 
concealment—
selection bias

Blinding of 
participants and 
personnel— 
performance bias

Blinding of 
outcome  
assessment—
detection bias

Incomplete 
outcome  
data—attrition 
bias

Selective 
reporting— 
reporting bias

Other bias

Cheng 
et al.19

Random number 
sequence gener-
ated by computer

Unclear 
whether 
researchers or 
study subjects 
could foresee 
allocation

Medical and nurs-
ing staff in the 
ICU and post-
operative wards 
were blinded

ICU and ward 
staff adminis-
trating PRBC 
were unaware 
of the  
allocation

Number of 
PRBC transfu-
sions solely in 
the postopera-
tive period  
is unclear

The authors  
aimed to assess 
the safety or RAP, 
however, only 
lactate was used as 
a surrogate marker 
for postoperative 
morbidity. Not all 
factors that influ-
ence fluid balance 
are reporteda

Selection bias: 
unclear whether 
any other factor 
than valve sur-
gery was used 
to preselect 
patients

Reges 
et al.25

Unclear how ran-
domization was 
performed

Unclear 
whether 
researchers or 
study subjects 
could foresee 
allocation

Physicians respon-
sible for post-
operative care 
were blinded with 
respect to the 
study group

ICU and ward 
staff adminis-
trating PRBC 
were unaware 
of allocation

Number of units 
PRBC transfu-
sions as well 
as volumes are 
documented for 
intra- and post-
operative use

Not all factors  
that influence 
fluid balance are 
reporteda

Exclusion crite-
ria are clearly 
formulated

ICU: intensive care unit; PRBC: packed red blood cells; RAP: retrograde autologous priming.
aAt least one of the following factors which affect fluid balance was not taken into account or documented: type and/or dosage of cardioplegia used, 
the mean arterial blood pressure target during CPB, the use of autotransfusion, the use of hemofiltration, intraoperative blood loss, and the patients’ 
weight/length/body mass index, and/or the transfusion trigger.

Table 6.  Summary of assessment of bias of randomized studies.

First author Random se-
quence genera-
tion—selection 
bias

Allocation 
concealment—
selection bias

Blinding of 
participants and 
personnel—per-
formance bias

Blinding of 
outcome assess-
ment—detec-
tion bias

Incomplete 
outcome data—
attrition bias

Selective reporting

Reporting 
bias

Other 
bias

Cheng et al.19 LR QR QR LR HR HR QR
Reges et al.25 QR QR QR LR LR HR LR

LR: low risk of bias; QR: questionable risk of bias; HR: high risk of bias.
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volumes in the RAP groups were significantly higher in 
the studies that concluded RAP was not beneficial in 
terms of lowering blood transfusions (Mann–Whitney 
U test, median priming volume in RAP groups 1,131 vs. 
748 mL, p = 0.036).

From the eight included studies, seven used the intra-
operative PRBC transfusion rate as an outcome meas-
urement, of which some also report the transfusion rate 
in the entire perioperative period. Three studies only 
reported the intraoperative transfusion rate without any 
information regarding the total perioperative or postop-
erative transfusion rate.

Discussion

This systematic literature review assessed the evidence 
for the relationship between RAP and the reduction of 

allogeneic blood transfusions. The hypothesis was that 
RAP results in a decreased need of blood transfusions, 
which is beneficial in terms of the risk of complications 
associated with transfusion as well as costs. Eight studies 
were included, of which two randomized and six obser-
vational trials. Five studies including one randomized 
trial found that application of RAP is associated with a 
significant decrease of blood transfusion in the periop-
erative period.

In the three studies reporting no significant benefit of 
RAP in terms of blood transfusion requirements, the 
priming volumes were surprisingly higher as compared to 
the five studies that did report a decreased transfusion rate 
in the RAP group. One may hypothesize that the absolute 
priming volume in the RAP groups was too high in the 
studies in which no decrease in transfusions was found, 
resulting in comparable rates of blood transfusions across 

Table 8.  Summary of the assessment of bias of observational studies.

Item Kearsey 
et al.26

Nanjappa 
et al.27

Ševerdija 
et al.24

Stammers 
et al.28

Trapp 
et al.18

Vandewiele 
et al.29

1 Do the inclusion/exclusion criteria vary across the com-
parison groups of the study?

LR LR LR LR LR LR

2 Does the strategy for recruiting participants into the 
study differ across groups?

LR LR QR LR LR LR

3 Is the selection of the comparison group inappropriate? LR LR LR LR LR LR
4 Does the study fail to account for important variations in 

the execution of the study from the proposed protocol?
LR QR LR LR QR QR

5 Was the assessor blinded to the outcome, exposure, or 
intervention status of the participants?

HR HR HR HR HR HR

6 Were valid and reliable measures used or implemented 
consistently across all study participants to assess inclu-
sion/exclusion criteria, intervention/exposure outcomes, 
participant benefits and harms, and potential confound-
ers?

QR LR LR LR HR QR

7 Was the length of follow-up different across study 
groups?

HR LR QR LR LR LR

8 In cases of missing data, was the impact assessed (e.g. 
through sensitivity analysis or other adjustment method)?

HR  

9 Are any important primary outcomes missing from the 
results?

LR HR LR HR HR HR

10 Are any important harms or adverse events that may be 
a consequence of the intervention/exposure missing from 
the results?

LR LR LR LR LR LR

11 Did the study fail to balance the allocation between 
the groups or match groups (e.g. through stratification, 
matching, propensity scores)?

QR HR HR LR QR HR

12 Were important confounding variables not taken into 
account in the design and/or analysis (e.g. through match-
ing, stratification, interaction terms, multivariate analysis, 
or other statistical adjustment such as instrumental 
variables)?

HR HR QR HR QR QR

13 Are results believable taking study limitations into con-
sideration?

QR HR LR QR QR QR

LR: low risk of bias; QR: questionable risk of bias; HR: high risk of bias.
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groups. Moreover, it is possible that patient management 
strategies in these three studies did not allow for using 
lower priming volumes, resulting in the inability to find a 
significant difference in blood transfusion rate between 
the RAP and control groups.

When taking a closer look at these three studies, it 
becomes apparent that the study by Reges et  al.25 is a 
prospective but small-scale pilot study. The small sam-
ple size (n = 27 in the RAP group) may be the reason the 
authors could not identify a significant difference 
between the RAP and non-RAP group.

Second, the study by Kearsey et al.26 consists of part 
prospectively (RAP group) and part retrospectively 
(control group) collected data. The authors found no 
difference in blood transfusion rates between groups, 
even though the difference in priming volume between 
groups is large, approximately 1,400 mL, which is trans-
lated to the significant difference in hemoglobin values 
at initiation of CPB, 9.1 g/dL in the RAP group versus 
7.8 g/dL in the control group. Although the authors 
report that no changes in clinical care occurred during 
the prospective inclusion period, a defined care pathway 
was lacking, potentially resulting in small but significant 
changes leading to improved patient care and shorter 
hospital stays, as they observed in the RAP group.

Finally, the third study in which RAP appeared to 
have no benefit in terms of blood transfusions,27 the use 
of RAP was included in a univariate logistic regression 
model, while no testing based on differences in means 
or medians between study groups was conducted.

The study by Ševerdija et al.24 reported a significant 
benefit of RAP in terms of blood transfusions. The 
authors showed that patients in the RAP group received 
significantly fewer transfusion products as compared to 
the control group. The patients in the RAP group also 
had less postoperative blood loss, which may have been 
a potential source of bias, since blood loss is one of the 
major reasons for postoperative blood transfusion. The 
multivariate regression analysis, on the other hand, did 
not include postoperative blood loss. Hence, its influ-
ence may be only marginal as compared to other appar-
ently more relevant factors such as age and preoperative 
hematocrit.

In the study by Stammers et al.,28 the SpecialtyCare 
Operative Procedure rEgistry (SCOPE) was used, ana-
lyzing data from 171 hospitals throughout the United 
States, of which 12,677 patients undergoing cardiac sur-
gery with RAP and 2,221 patients undergoing surgery 
without blood conservation strategies. A significantly 
lower intraoperative transfusion rate was noted in 
patients undergoing RAP compared to those who did 
not. Several factors affecting fluid balance, that is, post-
operative transfusion rate and blood loss volume, were 
not reported and thus not included in the analysis. This 
might have introduced bias in the obtained results. 

Another potential risk of bias can be found in the fact 
that the transfusion trigger was not reported but known 
to vary between the different hospitals included in the 
database. Moreover, the authors note a potential gender-
specific difference in the efficacy of blood conservation 
modalities. Patients who are anemic or lower in BSA 
may benefit more from RAP in terms of intraoperative 
hematocrit values.30 One could argue that RAP should 
always be performed since the harmful effects of 
hemodilution are more pronounced in this subset of 
patients.16 However, there are a few practical implica-
tions that must be considered. First and foremost, it is 
not possible to safely perform RAP in (imminent) 
hemodynamically unstable patients due to the fact that 
the volume of blood withdrawal during the procedure 
will cause further deterioration of the patient’s status.16 
Usually, 500 to 1,000 mL of oxygenated autologous 
blood is withdrawn via the arterial cannula, depending 
on the patient’s hemodynamic status.16 Most cardiac 
surgical centers use a RAP protocol in which the systolic 
blood pressure is kept above 100 mm Hg, using boluses 
of phenylephrine during RAP.16,20,24 Due to the prereq-
uisite of a hemodynamically stable patient, RAP cannot 
be used in emergency procedures and patients with a 
low volume status.

Regardless of the fact that RAP is not possible for all 
cardiac surgical patients undergoing on-pump surgery, 
the blood-sparing technique does seem to reduce the 
need of perioperative blood transfusions in appropriate 
cases.31 Taking into account that RAP is considered safe 
with no increased risk of complications,31,32 one could 
argue that RAP should be implemented as standard 
CPB practice in order to decrease the negative effects of 
hemodilution and concomitant anemia.9

Inherent to the type of intervention, it is not possible 
blind all relevant parties when conducting a study on 
the effects of RAP. This means that blinding of the 
administrator of the intervention (the clinical perfu-
sionist) is simply not possible. Hence, none of the stud-
ies scored a “low risk of bias” in terms of blinding. In 
randomized trials, the intensive care unit staff members 
who are responsible for administrating postoperative 
blood transfusions were blinded, which is beneficial in 
terms of limiting bias in the postoperative period. Given 
the fact that neither of both randomized studies report 
their transfusion trigger, there is a questionable risk of 
performance bias in these studies.

Several types of bias could not be excluded in any of 
the individual studies. Consequently, one may question 
the credibility of the study results. Although complete 
blinding of all staff who can administer blood products 
in a study aiming at determining the efficacy of RAP for 
diminishing PRBC use is impossible, other sources of 
bias should be excluded in future studies to increase the 
level of evidence. Prospective, multi-center trials are 
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necessary to increase the level of evidence for the rela-
tionship between RAP and PRBC use in the cardiac sur-
gical patient.

Important to note is that all of the included studies 
lacked information on at least one parameter related to 
fluid balance. These may include but are not limited to 
the volume administrated by the anesthesiologist, the 
type and dose of cardioplegic solution, intraoperative 
and postoperative blood loss, the use of hemofiltration, 
use of autotransfusion, urine output, and the patient’s 
BMI. During bypass, the clinical perfusionist can utilize 
several tools to influence the patient’s fluid balance, 
such as administrating medication to regulate blood 
pressure, the Trendelenburg position to recruit blood 
volume from the lower extremities, hemofiltration of 
the circulating volume to eliminate volume, and 
autotransfusion to administer washed autologous blood 
back to the patient.24 In case differences exist between 
study groups in one or more of these factors, this is likely 
to affect the risk of blood transfusion and thereby the 
observed PRBC use. Differences in total bias between 
the individual studies could therefore not be established.

When interpreting the results of this systematic 
review, several limitations have to be taken into account. 
On the level of the included studies, only two rand-
omized controlled trials were included in this review. 
Although randomized controlled trials are considered 
the highest level of evidence besides a meta-analysis and 
systematic literature review, to date, the plurality of 
studies are observational and mostly use a retrospective 
design. Costs and time available to conduct a study are 
factors that in many cases outweigh the benefits of a 
prospective randomized trial. Moreover, no multi-
center studies were found, which would have added to 
the justification of RAP as a standard in CPB technique. 
As for the risk of bias in individual studies, we found 
that none of the studies was considered to have none or 
an overall “low risk of bias.” One important note is that 
most studies lack a complete description of the factors 
affecting fluid balance and intraoperative patient man-
agement. In addition, not all studies reported the trans-
fusion trigger used in their institution, which directly 
affects the number of blood products transfused in the 
operating theater and the postoperative care unit. Due 
to the limited number of publications available, it 
remains difficult to find a clear answer on the research 
question.

Conclusion

Application of RAP resulted in a significant decrease in 
PRBC transfusions in the majority of studies. However, 
it is important to note that relatively few articles are 

available, which are flawed by several types of bias. 
Therefore, a prospective, randomized multi-center trial 
is warranted in which all parameters affecting volume 
status are taken into account to ultimately gain better 
insight in the contribution of RAP in bloodless cardiac 
surgery.
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