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Abstract
AIM: Blood product administration is a vital and possibly life-threatening issue that may increase the risk of clinical damage in patients. This review 
aims to provide a comprehensive review of the ways to improve blood transfusion safety.
METHOD: In order to conduct this systematic review, electronic databases, including PubMed/MEDLINE, EMBASE, Web of Science, Cochrane 
CENTRAL, Scopus, and Google Scholar, were searched for data of the last 30 years using keywords including patient safety, blood transfusion, 
risk management, safety management, and transfusion reaction. The inclusion criteria set for the selection of quantitative articles were articles 
written in English and published in peer-reviewed journals during the mentioned period. In this study the publications are reviewed in line with the 
PRISMA guide checklist.
RESULTS: Among 6105 articles found during the initial search, 16 articles were finalized for further investigation. Fifty percent of the included 
articles discussed the use of modern technology including patient identification system, barcode technology, portable computer systems, and 
databases. Moreover, 31% of the studies evaluated the use of alternative methods for transfusion of blood products including mediastinal blood 
transfusion, the use of autologous blood in adult patients, the use of cord blood in children, the use of hemoglobin-based oxygen carrier-201, and 
the injection of fresh whole blood. About 18% of articles drew attention to indications and thresholds as an essential factor increasing patient 
safety.
CONCLUSION: It was concluded from this study that the use of technology leads to fewer human errors and complications caused by these errors. 
In addition, some alternative methods can be used in a cost-effective way to reduce serious adverse events caused by common strategies.
Keywords:  Blood transfusion, patient safety, systematic review

Introduction

Blood product administration is an important and vital issue 
for most patients. However, it can be life threatening and may 
increase the risk of clinical damage in patients. Blood transfu-
sion is continuously monitored by the hospital administration 
and accredited by the government and professional health 
organizations (McQuilten et al., 2018). However, blood transfu-
sions have always been a point of concern for blood recipients 
and healthcare providers. Transfusion of blood products in the 
intensive care unit (ICU) is common. Scientists estimated that 
15% to 53% of critically ill patients receive transfusions during 
their critical care stay. Blood transfusion in the ICU is primar-
ily done to increase the oxygen-carrying capacity that has been 
reduced by anemia (Kashefi et al., 2018; Pirenne & Yazdanbakhsh, 
2018; Tsai & Tarng, 2019). Although blood transfusion is a com-
mon procedure in the ICU, it is not without complication in the 
general wards (Bagwe et  al., 2017; Moncharmont et  al., 2019; 
Shamshirian et al., 2020; Sharif et al., 2020). Blood transfusion 

and the occurrence of complications induced by it are also com-
mon in the general wards of the hospitals and are not limited to 
ICUs (Moncharmont et al., 2019; Sharif et al., 2020). The etiol-
ogy of anemia in the ICU is multifactorial and may be associated 
with blood loss due to trauma, surgery, hemorrhage, iatrogenic 
disease, nutritional deficiencies of iron, folate, or vitamin B, 
cell hemolysis, coagulopathies, and erythropoietin deficiencies 
(Kashefi et al., 2018; Koch et al., 2013; Piccin et al., 2020).

Blood transfusion is considered a necessary but danger-
ous treatment method. If the proper protocols and measures 
are not followed before, during, and after the transfusion, the 
reactions can be fatal (Raval et al., 2020). Blood transfusion is 
common in both ICU and general wards. Although blood trans-
fusion might lead to fewer complications in the ICU compared 
to general wards, it still may induce complications affecting 
patient safety. Recently, scientists analyzed 125 data sets rep-
resenting 25 different countries included in the International 
Hemovigilance Network Database and determined the rate 
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of adverse reactions induced by blood transfusion. According 
to this estimation, out of 660 transfusion-adverse events per 
100,000 individuals, nearly 3% of them were classified as severe 
(Bennett et al., 2017; Silvergleid et al., 2018).

Transfusion-related complications can be broadly catego-
rized as acute or delayed reactions based on time of occur-
rence, and can be further divided into two categories of 
noninfectious and infectious complications. Acute complica-
tions happen within minutes to 24 hours following the trans-
fusion, while delayed complications may occur days, months, 
or even years after the blood transfusion (Park et al., 2008). 
The American Association of Blood Banks (AABB) uses the 
term “non-infectious serious hazards of transfusion” to cat-
egorize noninfectious complications. Transfusion-related 
infections are less common because of advances in the blood 
screening process, so that the risk of contracting an infection 
from transfusion has decreased 10,000-fold since the 1980s 
(Machado et al., 2019). According to previous studies, blood 
transfusion-related mortality was 0.26 deaths per 100 000, 
and nearly 60% of deaths were caused by trans​fusio​n-ass​
ociat​ed circulatory overload (TACO), transfusion-related lung 
injury (TRALI), and trans​fusio​n-ass​ociat​ed dyspnea (TAD) 
(Bennett et  al., 2017; Silvergleid et  al., 2018). Although the 
rates of complications and mortality induced by blood trans-
fusion are considerable, these complications can be prevented 
since many of them are related to the process of transfusion 
(Raval et al., 2020).

Noninfectious serious hazards of transfusion are up to 
1000 times more likely than infectious hazards (Sharma et al., 
2011). Despite improvements in blood screening tests and 
other related medical advances, there has been no progress 
in preventing serious noninfectious hazards of transfusion 
(Azizi et  al., 2014). Therefore, patients are far more likely to 
experience a serious noninfectious hazard of transfusion than 
an infectious complication (Sharma et  al., 2011). In a retro-
spective study done from 2010 to 2012, adverse effects of 
blood transfusion were only seen in 34 out of 9193 transfused 
blood products (0.4%). In the aforementioned study, the 
most common adverse effects were discomfort and restless-
ness (0.16%), dyspnea (0.16%), rigors (0.13%), fever (0.08%), 
chest pain (0.06%), and rash or urticaria (0.04%) (Azizi et al., 
2014). Despite the increase in blood transfusion safety mea-
sures, some acute complications still occur in patients during 
and after blood transfusions. The type, severity and degree of 
the disease, gender, blood group type, genetics, and immune 
system status are among the factors that challenge patient 
safety during and after transfusion (Delaney et  al., 2016). It 
is noteworthy that despite the significant complications of 
blood transfusions, a comprehensive study has not yet been 
conducted on the complications after blood transfusions 
and on the measures that should be taken to prevent these 
complications. A systematic review on this matter can help 
healthcare providers be aware of blood transfusion complica-
tions and their effects on patients. It may also help discover 
new guidelines and policies on blood transfusion and patient 
safety. Therefore, this study was conducted to provide a com-
prehensive review of ways to improve the safety of blood 
transfusion. 

Research Question
1.	 What are the ways to increase patient safety and reduce 

blood transfusion-induced complications? 

Method

Study Design
This systematic review was conducted based on the Cochrane 
Handbook for Systematic Reviews of Interventions (Higgins 
et al., 2019). Data were collected using a checklist and meth-
odology flowchart and then were analyzed and reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) statement (Moher 
et al., 2009).

Search Strategy
Study data in the electronic databases, including PubMed/
MEDLINE, EMBASE, Web of Science, Cochrane CENTRAL, 
Scopus, and Google Scholar, from the last 30 years were system-
atically searched using the following keywords: patient safety, 
blood transfusion, risk management, safety management, and 
transfusion reaction. The reference lists of the extracted stud-
ies were also screened to check for additional eligible studies. 
An example of the search strategy in PubMed, based on MeSH 
terms, is given in the following (Table 1).

(“Patient Safety”[Mesh]) AND “Blood Transfusion”[Mesh]

(patient safety [Title/Abstract]) AND (blood transfusion [Title/
Abstract])

The inclusion criteria for the selection of quantitative articles 
were that the articles were written in English and published in 
peer-reviewed journals, and published during the last 30 years. 
All quantitative studies were reviewed. The inclusion criteria for 
randomized controlled trials (RCTs) and non-randomized stud-
ies (NRSs) were based on the PICO (Participant, Intervention, 
Comparison, Outcome) framework:

P: All patients who have undergone blood transfusion

I: Interventions that are related to different aspects of patient 
safety in the blood transfusion from pre to post-transfusion

C Usual care or different interventions

O Transfusion outcome, such as reducing medical errors

Non-English language studies, duplicate publications, and 
those that were not related to the aim of the study were 
excluded. Studies whose full text was not accessible were also 
excluded.

Study Selection
According to the inclusion criteria defined for this study, two of 
the reviewers (N.H.M and J.N) independently reviewed the title 
and abstract of all articles retrieved from databases. Then, the 
full text of those articles that potentially met these criteria was 
reviewed and screened. Any disagreements between research-
ers (N.H.M and J. N) were resolved by the senior researcher 
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(N.D.N). During the process of reviewing and filtering the arti-
cles, no disagreement was observed between researchers.

Quality Appraisal
Two of the authors (N.H.M and J.N) examined the risk of bias 
for the included studies. To assess methodological quality of 
the studies, the Joanna Briggs Institute (JBI) tool was used 
(Institute, 2017) according to the type of the study, namely 
cross-sectional, cohort, prevalence, and quasi-experimental 
study design. The methodological quality of each study was 
scored using a scale of 0 to 1 point. Each “yes” answer was 
scored as one, and all other answers (“unclear,” “no,” or “not 
applicable”) were scored as zero, so a higher score indicated 
that the study was of higher methodological quality. The meth-
odological quality of each study was classified into high (≥ 2/3 
of the maximum score), moderate (between 1/3 and <2/3 of 
the maximum score), and low (≤ 1/3 of the maximum score). 
The version 2 of the Cochrane risk-of-bias tool (RoB 2) was 
used to assess the risk of bias in the randomized trials. There 
was no disagreement between the researchers. Table 2 shows 
the summary of these results including the “First Author/Year”, 
the “Country” “Design”, “Objective”, “Duration”, “Population/
Sample”, “Intervention”, “Comparison”, “Findings”, “Outcome” 
and “P-value” of studies.

Data Synthesis
The search results were provided to a statistics specialist. 
According to his assessment, it was not possible to conduct 
a meta-analysis due to the use of different interventions and 
outcome indicators in the included studies. Therefore, the 
research results of this study were presented and summarized 
narratively.

Results

Search Results
The results of the systematic search are summarized in Figure 1. 
A total of 6105 articles were found in the initial search. After 
removing duplications, 4148 articles were also excluded due to 

their irrelevance to the aim of the study. In the next step, the 
full text of 334 articles was carefully reviewed according to the 
inclusion and exclusion criteria. Eventually, 16 articles under-
went further evaluation. The data extracted from these final-
ized articles are shown in Table 2.

Study Characteristics
The details of the characteristics of included studies are given in 
Table 2. The studies differed with regard to geographical location 
and their design. Six articles were published in the United States, 
and in other countries such as the United Kingdom (Davies et al., 
2006), India (Gupta & Gupta, 2016), Spain (Uríz et  al., 2011), 
Italy (Bennardello et al., 2009), Australia (Miller et al., 2013), the 
Netherlands (de Gast-Bakker et al., 2013), Afghanistan (Auten 
et al., 2015), Austria (Amato et al., 2017), Kenya (Hassall et al., 
2015), and China (Liu et al., 2015), one study each. The design 
of these articles was different and included RCT(n = 3) (de 
Gast-Bakker et al., 2013; Jahr et al., 2008; Liu et al., 2015), cross-
sectional (n = 2)(Bennardello et  al., 2009; Harm et  al., 2014), 
prospective and retrospective cohort (n = 6) (Amato et al., 2017; 
Auten et al., 2015; Deleon et al., 2016; Gupta & Gupta, 2016; Rhee 
et al., 2015; Uríz et al., 2011), and quasi-experimental designs (n 
= 5) (Body et al., 1999; Davies et al., 2006; Hassall et al., 2015; 
Miller et al., 2013; Whitehurst et al., 2012). The total sample size 
of each study varied from 150 to 3491 patients.

Out of 16 studies, one was on enhancement of the event-
reporting system (Whitehurst et al., 2012); six were on the use 
of computerized methodologies for improving patient safety 
during the blood transfusion process (Bennardello et al., 2009; 
Davies et  al., 2006; Gupta & Gupta, 2016; Harm et  al., 2014; 
Miller et  al., 2013; Uríz et  al., 2011); and three were on allo-
genic (Hassall et  al., 2015) and autologous (Body et  al., 1999; 
Rhee et  al., 2015) blood transfusions. The remaining stud-
ies (n = 6) implemented different interventions for improving 
transfusion safety, such as the platelet pathogen inactivation 
(Amato et  al., 2017), restrictive transfusion (de Gast-Bakker 
et al., 2013; Deleon et al., 2016), the Peri-operative Transfusion 
Trigger Score of Emergency (Potts-E) (Liu et al., 2015), and the 

Table 1.
Databases and Search Results

PubMed/Medline “Patient safe*”[tiab] OR “Risk management”[tiab] OR “Safety Management”[tiab] OR 
“Transfusion Reaction”[tiab] AND “Blood Transfusion”[tiab] AND 1990/​1/1:2​020/1​2/31[​dp]

402 articles

Scopus (TITL​E-ABS​-KEY(​patie​nt AND safe*) OR TITLE-ABS-KEY(risk AND management) OR 
TITLE-ABS-KEY(safety AND management) OR TITLE​-ABS-​KEY(t​ransf​usion​ AND 
reaction)) AND (TITLE-ABS-KEY(blood AND transfusion)) AND PUBYEAR > 1989 
AND < 2021

290 articles + 4 
conference papers

Cochrane CENTRAL “Blood Transfusion”:ti,ab AND (patient safe*”:ti,ab OR “risk management”:ti,ab OR “safety 
management”:ti,ab OR “transfusion reaction”:ti,ab)

with Publication Year from 1990 to 2021, in Trials

1939 articles

Web of science (from Web of 
Science Core Collection)

(TI=( patient AND safe* ) OR TI=( risk AND management ) OR TI=( safety AND 
management ) OR TI=( transfusion AND reaction )) AND (TI=( blood AND transfusion )) 
AND PY=1990-2020

187 articles + 128 
conference papers)

EMBASE “Blood Transfusion”:ti,ab AND “patient safe*”:ti,ab AND [2009-2020]/py 2422 articles

Google  Scholar allintitle: transfusion AND (Safety OR protection OR security) 1990–2020 733 articles
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hemoglobin-based oxygen carrier-201 (HBOC-201) as an alter-
native method to safely reduce and/or eliminate perioperative 
transfusion and ultimately the early use of fresh, whole blood in 
a resource-limited setting (Auten et al., 2015).

Among the included articles, 50% (8 out of 16) discussed the 
use of modern methods and yielded that the use of technology 
leads to increased immunity in transfusions of blood products. 
Among these articles, three studies set up and used databases 
and electronic systems to report errors and complications, eval-
uate quality indicators, and record patients’ serology test results 
(Gupta & Gupta, 2016; Harm et  al., 2014; Whitehurst et  al., 
2012). In addition, four studies examined the use of modern 
devices to match patient information accurately, including the 
patient identification system based on biometric data, barcode 
technology, and portable computer systems.

It is noteworthy that one study used modern technology to 
inactivate pathogens in blood products (Amato et al., 2017).

Moreover, approximately 31% of the studies (5 out of 
16) evaluated the use of alternative methods for transfusion 
of blood products and examined patient safety during the use 
of these methods. These methods included mediastinal blood 
transfusion, the use of autologous blood in adult patients, the 
use of cord blood in children, the use of HBOC-201, and the 
injection of fresh whole blood (Auten et al., 2015; Body et al., 
1999; Hassall et al., 2015; Jahr et al., 2008; Rhee et al., 2015).

In addition, about 18% of articles (3 out of 16) considered 
attention to indications and thresholds as an important factor 
increasing patient safety. In these studies, hemoglobin level was 
considered as an indicator to decide on the transfusion time of 
blood products (de Gast-Bakker et al., 2013; Deleon et al., 2016; 
Liu et al., 2015).

Bias Assessment Results
In this systematic review, the study design of three studies was 
RCT. The overall risk of bias in one of them (33.33%) was judged as 
being of some concern and in two (66.67%) as being high risk. The 
details on the assessment of these studies are given in Table 3.

Discussion

This systematic review aimed to present factors reducing 
patient safety during blood transfusion and ways of improving 
patient safety. For this purpose, electronic databases, includ-
ing PubMed/MEDLINE, EMBASE, Web of Science, Cochrane 
CENTRAL, Scopus, and Google Scholar, were systematically 
searched from 1990 to the end of 2020 using the follow-
ing keywords: patient safety, blood transfusion, risk manage-
ment, safety management, and transfusion reaction. Half of 
the retrieved studies focused on using technology to improve 
safety in blood transfusion (Amato et  al., 2017; Bennardello 
et  al., 2009; Davies et  al., 2006; Gupta & Gupta, 2016; Harm 
et al., 2014; Miller et al., 2013; Uríz et al., 2011; Whitehurst et al., 
2012). One of the main risk factors mentioned in these studies 

Records identified from*:
Databases (n=6105)
Registers (n=0)

Records removed before 
screening:

Duplicate records removed
(n=1957)
Records marked as ineligible 
by automation tools (n=0)
Records removed for other 
reasons (n=0)

Records screened
(n=4148)

Records excluded**
(n=3814)

Reports sought for retrieval
(n=334)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=334)

Reports excluded:333
Full Texts not available (n=34)
Other language (n=35)
Not valid method (n=17)
Irrelevant topic (n=174)
Reports/editorials/abstracts 
of conferences, workshops, 
symposia (n=63)
Pilot/feasibility studies (n=5)
Qualitative studies (n=5)

Records identified from:
Websites (n=0)
Organisations (n=0)
Citation searching (n=0)
etc.

Reports assessed for eligibility
(n=0) Reports excluded:

Reason 1 (n=0)
Reason 2 (n=0)
Reason 3 (n=0)
etc.

Studies included in review
(n=16)
Reports of included studies
(n=16)

Identification of studies via databases and registers Identification of studies via other methods
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Figure 1
PRISMA 2020 Flow Diagram for New Systematic Reviews which Included Searches of Databases, Registers and other Sources.
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was that human errors that significantly reduced blood trans-
fusion safety (Miller et al., 2013; Ugwu et al., 2020; Uríz et al., 
2011). The other half of the included studies were on using 
alternative methods and products, and hemoglobin thresholds, 
as a transfusion indicator (Auten et al., 2015; Body et al., 1999; 
de Gast-Bakker et al., 2013; Deleon et al., 2016; Hassall et al., 
2015; Jahr et al., 2008; Liu et al., 2015; Rhee et al., 2015).

As demonstrated in Table 2, some of the analyzed studies sug-
gested that using a central database and computer systems 
could help increase the patient safety and prevent the com-
plications of blood transfusion (Bennardello et al., 2009; Harm 
et al., 2014). The results of a study by Harm et al. (2014) on the 
safety of blood transfusion in patients with sickle cell disease 
showed that using a central database that involved patients’ 
history and serology test results could help in improving the 
safety of transfusion and in preventing the onset of delayed 
hemolytic transfusion reaction in these patients (Harm et  al., 
2014). Bennardello et al. (2009) suggested that using a “secure 
blood” system containing patients’ previous transfusion data 
could prevent ABO blood group errors. One of the key strengths 
of a secure blood system is identification of patients using their 
fingerprints or wristband barcodes. In particular, it can be very 
beneficial in unconscious patients who cannot be identified 
(Bennardello et al., 2009). In line with the results of this study, 
Vesga, Miguel A. and Maria Azkarate (2021)(Vesga & Azkárate, 
2021) concluded that utilizing modern devices, including com-
puter systems, patient information databases, and wristband 
barcodes, led to higher safety and efficacy during blood com-
ponent transfusion.

One of the extracted articles was on pathogen inactiva-
tion technology; it assessed the efficacy of this technology 
for other blood components (Amato et  al., 2017). This study 
illustrated that the technology had no significant effect on 
transfusion safety. These findings contrast with the results of 
a review study done by Luca Galli1 et al. who concluded that 
using pathogen inactivation technology was associated with 
higher safety in terms of inactivation of most clinically rele-
vant pathogens, reduction of the risk against unknown patho-
gens, and inactivation of residual lymphocytes in the product 
(Galli & Bruschi, 2020). Further studies should be conducted 
in order to support or reject the efficacy of this technology in 
this regard.

In terms of hemoglobin thresholds and other transfusion 
indicators, three studies were retrieved. One of them aimed 
to evaluate whether or not the scheme called “Transfusion 
Trigger Score of Emergency” could be safely used for the iden-
tification of the trigger point of blood transfusion in emergency 
patients (Liu et al., 2015). It was concluded that this scheme 
increased the safety of transfusion compared with doctors’ 
experience-based assessment for starting the RBC transfu-
sion. Two other articles compared the effect of a restrictive 
and a liberal transfusion strategy on patient safety and health 
outcomes (de Gast-Bakker et  al., 2013; Deleon et  al., 2016). 
Although the hemoglobin thresholds, as a starting point of 
transfusion (Hb 7.0 g/dL and 10.0 g/dL vs. Hb 10.8 g/dL and 
8.0 g/dL), and the study population (adults vs. pediatric) were 
different in these two studies, both studies revealed that the Ta
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restrictive RBC transfusion policy was safer, led to shorter 
hospital stay, and induced less complications. Contrary to the 
results of this study, Curley et  al. 2014 and Desjardins et  al. 
(2012) yielded that there was no sufficient evidence confirm-
ing the best strategy (restrictive or liberal). This discrepancy 
can be attributed to the differences in the number of included 
articles, so further systematic reviews are necessary to deter-
mine the optimal transfusion strategy. 

Considering alternative methods and products, two studies ana-
lyzed the transfusion of autologous shed blood collected through 
the chest tube. In a study by Rhee et al. (2015) it was concluded 
that transfusion of patient’s shed blood collected through a chest 
tube was safe, lowered the need for allogeneic transfusions, and 
decreased the hospital costs. These findings are in contrast with 
the results of a study by Body et al. (1999) who reported that trans-
fusion of shed mediastinal blood after cardiac surgery was not 
effective and increased the risk of infection. On the other hand, 
Rhee et al. (2015) demonstrated that the risk of infection was rare 
following transfusion of shed mediastinal blood. Further studies 
might be needed on this matter. In addition to what is mentioned 
above, there are some other challenges and achievements in 
patient safety during the transfusion of specific blood products. 
Jahr et al. (2008) studied hemoglobin-based oxygen carrier-201 
(HBOC-201) efficiency and its side effects. Their results showed 
that HBOC-201 had many negative effects on patient safety and 
was unsafe for transfusion, especially in older patients. 

Another alternative method was cord blood transfusion, which 
was addressed in an article by Hassall et al. (2015). They analyzed 
the safety and efficacy of allogeneic umbilical cord red blood cell 
transfusion in children with severe anemia (Hassall et al., 2015).

It was revealed that transfusion of sedimented red blood cells 
from umbilical cord donations was safe and it was associated 
with no serious adverse events. Bianchi et al (2018) published a 
systematic review, which is in line with the results of this study 
(Bianchi et  al., 2018). They revealed that despite various draw-
backs, including cord blood contamination by maternal blood, 
this practice was safe and could reduce the exposure to allo-
genic adult RBCs. Furthermore, the whole-blood transfusion 
was another recommended method that was analyzed in one of 
the included articles (Auten et al., 2015). In the aforementioned 
study, it was demonstrated that early use of fresh whole blood, 
particularly in a resource-limited setting, was safe and reduced 
the risk of some complications, such as traumatic coagulopathy. 
Malkin et al. (2021) conducted a systematic review on this issue. 
They revealed that administration of fresh whole blood was a safe 
method and carried significant logistic benefits. Further high-
quality studies are suggested in this regard. 

Conclusion and Recommendations

Different approaches used for enhancing safety of blood trans-
fusion were reviewed. Based on the findings, it can be con-
cluded that human errors regarding blood transfusion can be 
decreased by using technology and computers. In addition, it 
also suggested that some alternative blood transfusion meth-
ods be used in a cost-effective way, without any serious adverse 
events. However, high-quality research on these methods is 

needed. An awareness of these advantages and limitations is 
recommended for healthcare providers and policymakers while 
implementing new systems during a vital process like blood 
component transfusion. Based on the analysis, it is argued that 
by using technology and computers, we can reduce the human 
errors and the issues caused by these errors. 

More information about this systematic review according to the 
PRISMA 2020 Checklist is provided in Supplementary Table 1.
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