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a b s t r a c t
Background:
Worldwide, injuries account for approximately ﬁve million mortalities annually,
with 90% occurring in low- and middle-income countries (LMICs). Although guidelines characterizing data for blood product transfusion in injury resuscitation have been established
for high-income countries (HICs), no such information on use of blood products in LMICs
exists. This systematic review evaluated the available literature on the use and associated
outcomes of blood product transfusion therapies in LMICs for acute care of patients with
injuries.
Methods: A systematic search of PubMed, EMBASE, Global Health, CINAHL and Cochrane databases
through November 2018 was performed by a health sciences medical librarian. Prospective and crosssectional reports of injured patients from LMICs involving data on blood product transfusion therapies
were included. Two reviewers identiﬁed eligible records (κ =0.92); quality was assessed using Grading of
Recommendations Assessment, Development and Evaluation (GRADE) criteria. Report elements, patient
characteristics, injury information, blood transfusion therapies provided and mortality outcomes were
extracted and analyzed.
Results: Of 3411 records, 150 full-text reports were reviewed and 17 met inclusion criteria. Identiﬁed reports came from the World Health Organization regions of Africa, the Eastern Mediterranean, and SouthEast Asia. A total of 6535 patients were studied, with the majority from exclusively inpatient hospital
settings (52.9%). Data on transfusion therapies demonstrated that packed red blood cells were given to
27.0% of patients, fresh frozen plasma to 13.8%, and unspeciﬁed product types to 50.1%. Among patients
with blunt and penetrating injuries, 5.8% and 15.7% were treated with blood product transfusions, respectively. Four reports provided data on comparative mortality outcomes, of which two found higher
mortality in blood transfusion-treated patients than in untreated patients at 17.4% and 30.4%. The overall
quality of evidence was either low (52.9%) or very low (41.2%), with one report of moderate quality by
GRADE criteria.
Conclusion: There is a paucity of high-quality data to inform appropriate use of blood transfusion therapies in LMIC injury care. Studies were geographically limited and did not include suﬃcient data on types
of therapies and speciﬁc injury patterns treated. Future research in more diverse LMIC settings with improved data collection methods is needed to inform injury care globally.
© 2020 Elsevier Ltd. All rights reserved.
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Injuries account for approximately ﬁve million deaths annually.
Road traﬃc injuries (RTIs) account for 24% of injury deaths world-
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wide and are projected to become the seventh leading cause of
death by 2030 [1,2]. Approximately 90% of the injury burden is in
low-and middle-income countries (LMICs), accounting for 12% of
all deaths in Sub-Saharan Africa, Latin America and the Caribbean
compared to 6% in high-income countries (HICs) [2–4]. Globally,
injury is responsible for the majority of deaths among those aged
15-44 years [5].
Hemorrhage is the most common potentially preventable cause
of death in LMICs [6, 7]. Resuscitation of patients with traumatic
hemorrhage is centered on controlling blood loss and providing
blood transfusion therapies [8]. This approach has been relatively
well-studied in military settings [9–12] and in some civilian population from HICs [6,13]. Treatment of injury-related hemorrhage
with blood transfusion therapies attempts to either provide whole
blood or a balanced red blood cell-plasma-platelet component
strategy, and such approaches have been associated with improved
outcomes [14–16]. In HICs, contemporary data indicate that injury
mortality related to hemorrhage has likely decreased due to improved injury care, including advances in blood product transfusion strategies [17].
Consensus clinical guidelines with patient- and injury-speciﬁc
recommendations exist in HICs for the treatment of injured patients with blood product transfusions [18–20]. In LMICs, however,
where the vast majority of injuries occur, there are no such international consensus guidelines to inform the care of injured patients. Epidemiologic characteristics of patients in LMICs are different from those in HICs, with greater baseline rates of anemia and
infectious diseases; thus, extrapolation of research and guidelines
from HICs may not be appropriate [21–24]. Additionally, injury care
is further complicated by differences in access to resources and
more limited availability of blood products in many LMIC settings.
In sub-Saharan Africa, studies demonstrate that less than half of
the estimated blood needed for treatment is available, resulting in
common shortages in blood resources for resuscitative care [25,26].
Given the global magnitude of injuries in LMICs and the absence of appropriate consensus guidelines from these settings,
evaluation and characterization of the available data on the use of
blood products in injury treatments in LMICs is a crucial foundational step for informing clinical practice and future research. To
address this need, a systematic review assessing the literature on
the use of blood product transfusion therapies in LMICs and associated outcomes of patients with injuries was performed.
Methods
Search strategies
A search strategy was designed by a health sciences medical librarian following Cochrane Collaboration protocol guidelines.
The search strategy identiﬁed reports from LMICs that described
and evaluated the use of blood product transfusion therapies in
LMICs for acute care of patients with injuries. A secondary aim
was to assess the impact of blood product transfusion therapies on mortality among the same population. Classiﬁcation of
LMICs followed criteria used by The World Bank [27]. Acute physical trauma was deﬁned using standardized World Health Organization (WHO) and Centers for Disease Control (CDC) reference
deﬁnitions [28,29].
Inclusion criteria
• All prospective or cross-sectional reports from LMICs with data
on the use of blood product transfusion therapies for emergency and/or acute care of patients with injuries.
• Blood transfusion therapies include: Whole blood, Red blood
cells, Plasma, Cryoprecipitate and Platelets.
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Exclusion criteria
• Study types: retrospective studies, reviews, case-control, case
reports, case-series, editorials
• Reports studying non-physical injuries
• Reports studying patients during only the rehabilitation phases
of injury treatment
• Reports studying patients in combat or military settings
• Non-English language reports
PubMed, EMBASE, Global Health, CINAHL and Cochrane Library
databases were searched from each database’s inception through
1st November 2018. Structured computer-assisted search protocols
using combinations of key words, free text terms, subsets and exploded medical subject headings (MeSH) were employed (Supplement S1). Additionally, citation lists of included reports were reviewed for relevant records. The primary authors of all reports that
met inclusion criteria were contacted to identify additional data
pertinent to the aims of the systematic review.
Data processing
After removal of duplicates, titles, and abstracts of identiﬁed
records were assessed for eligibility by two independent reviewers, disagreements were adjudicated by a third reviewer as needed.
Full-text reports of potentially relevant records were reviewed in
their entirety. For reports that met inclusion parameters, data were
extracted using a pre-designed form. Data elements included: report characteristics (e.g., ﬁrst author, publication year, study design, country); patient characteristics (e.g., number of injured patients, types of blood products transfusion therapies used, volume
of transfused products); and mortality, if presented. Mortality outcomes were assessed as all-cause without delineation of the etiology. Injury types, when identiﬁable from the primary reports, were
classiﬁed as general (i.e., all patients without restrictions on included injuries), penetrating, blunt or burns. When speciﬁc mechanisms of injuries or anatomical regions were identiﬁed in a given
report, these were recorded. Healthcare research settings were deﬁned as inpatient (within hospital), outpatient (clinic or emergency
care facility) or mixed, if data were drawn from both inpatient and
outpatient settings. Multinational reports were assessed for extraction of data pertaining to LMICs, and contact with the authors was
attempted if the data could not be disaggregated from the source
report. To facilitate data synthesis and comparative analyses, volumes of packed red blood cells (PRBCs) and fresh frozen plasma
(FFP) were standardized at 300 milliliters (mL) per unit of blood
product [30,31]. For reports that represented the volumes of blood
products transfused in milliliters, the quantities of PRBCs or FFP
were standardized by dividing the reported volumes by 300 mL to
convert them to blood product units. In reports that represented
volumes transfused in milliliters per kilogram (kg), a standard patient weight of 70 kg was used, and the volume in mL/kg was divided by 300 mL and multiplied by 70 kg to yield the number of
units.
The quality of included studies was assessed using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) criteria [32–34]. The systematic review was registered
with the International Prospective Register of Systematic Reviews
(PROSPERO) (Registration Number:
CRD42020119538) [35]. Reporting adhered to the criteria proposed by the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement.
Statistical methods
Data analyses were performed using STATA v15.0 (StataCorp;
College Station, USA). Inter-observer agreement for included re-
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Fig. 1. Report selection process.

ports was assessed using Cohen’s kappa (κ ) [36,37]. Data were analyzed descriptively and summarized based on parameters of geographic distribution, types of blood product transfusion therapies
used and study types. As differences in volume resuscitation approaches in injuries caused by blunt versus penetrating mechanisms exist, data were stratiﬁed and evaluated based on mechanism of injury [38–40]. Volumes of blood product transfusion therapies and mortality outcomes among those exposed to transfusion therapies and those not exposed were explored and compared when data were available. Due to the substantial clinical heterogeneity in the included reports, meta-analysis of the data was
deemed inappropriate and not performed.

Results
The search strategy generated 3411 individual reports from all
databases evaluated. After review of titles and abstracts, 3261 reports were excluded and 150 underwent full-text review. From
these, 134 were excluded and sixteen reports met full inclusion
criteria. One additional report meeting inclusion criteria was identiﬁed and added after review of references of the primary included reports (Fig. 1), yielding a total of seventeen included reports. Inter-observer agreement for report selection was excellent
(κ =0.92) [36,37].

Characteristics of included reports
Included reports were derived from Ghana (1) [41], India (4)
[42–45], Iran (4) [46–49], Kenya (4) [50–53], South Africa (2)
[54,55], Turkey (1) [56] and Uganda (1) [57]. The cumulative number of patients studied in all reports was 6535. The global distribution of patients studied, based on the countries and WHO regions
of the included reports, is shown in Fig. 2. The majority of patients studied were from the African Region (52.5%) [41,50–53,57],
with smaller percentages from the South-East Asia Region [42–45],
European Region [56] and Eastern Mediterranean Region [46–49].
There was limited representation of nations within each WHO region, as only one country was represented in the European Region, one in the Eastern Mediterranean Region, one in the SouthEast Asia Region, and four in the African Region. There were no
available reports from the Americas or the Western Paciﬁc regions
(Fig. 2).
The majority of the reports were conducted in the inpatient setting (52.9%) [42,45,49–54,57], while four were conducted in the
outpatient setting (23.5%) [43,46,47,55] and four in mixed settings (23.5%) [41,44,48,56]. Included reports were published between 2001 and 2018. Study methodologies were predominantly
cross-sectional (58.8%) [41,45–49,51–53,56]. There were six cohort studies (35.3%) [42–44,50,55,57] and one randomized controlled trials (RCTs) (5.9%) [54,58]. Approximately half of the reports were conducted on general injured populations (47.1%) [41–

L. Yang, J. Slate-Romano and C.G. Marqués et al. / Injury 51 (2020) 1468–1476

1471

Fig. 2. Global distribution of patients studied across World Health Organization Regions.
Table 1
Characteristics of included reports.

Author (year)

Study Design

Country

HealthCare Setting

Mechanism of
Injury

Patients
Studied

Type of Blood
Products(s)

Alimohammadi (2017) [46]
Bowley (2006) [54]

Cross-sectional
RCTa

Iran
South Africa

Outpatient
Inpatient

General
Penetrating

793
44

Hommes (2015) [55]
Jana (2008) [42]
Javali (2017) [43]
Kilyewala (2017) [57]
London (2001) [41]
Moﬁdi (2010) [47]
Musau (2006) [50]
Newton (2015) [51]
Otieno (2004) [52]
Sadeghi (2017) [48]
Saidi (2014) [53]
Sokhal (2017) [44]
Srikant (2003) [45]
Tavousi (2018) [49]

Cohort
Cohort
Cohort
Cohort
Cross-sectional
Cross-sectional
Cohort
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cohort
Cross-sectional
Cross-sectional

South Africa
India
India
Uganda
Ghana
Iran
Kenya
Kenya
Kenya
Iran
Kenya
India
India
Iran

Outpatient
Inpatient
Outpatient
Inpatient
Mixed
Outpatient
Inpatient
Inpatient
Inpatient
Mixed
Inpatient
Mixed
Inpatient
Inpatient

Blunt
Generalc
Generald
Burn
General
Blunt
Generale
General
General
General
Blunt
Burn
Blunt
Burn

134
52
100
112
2022
400
80
227
202
37
1013
78
72
701

Yanar (2008) [56]

Cross-sectional

Turkey

Mixed

Blunt

468

Not speciﬁed
PRBCb (Allogeneic
or Allogeneic &
Autologous)
PRBC
Not speciﬁed
Not speciﬁed
Not speciﬁed
Whole blood
Not speciﬁed
Not speciﬁed
Not speciﬁed
Not speciﬁed
PRBC
Not speciﬁed
Not speciﬁed
Not speciﬁed
PRBC
FFP
Platelets
Cryoprecipitate
PRBC

a
b
c
d
e

RCT abbreviates for Randomized Controlled Trial
PRBC abbreviates for Packed Red Blood Cells
Report included only non-obstetric gynecological injuries
Report excluded severe head injuries with Glasgow Coma Scale ≤8 with intracranial hemorrhage
Report included only abdominal injuries

43,46,48,50–52], while ﬁve reports solely studied blunt injuries
(29.4%) [45,47,53,55,56] and one examined only penetrating injuries (5.9%) [54]. Three reports were conducted on patients with
isolated burn injuries (17.6%) [44,49,57]. A single report evaluated
isolated abdominal injuries [50] and a single report evaluated nonobstetric gynecological injuries (Table 1) [42].
The majority of reports did not specify types of blood products used (64.7%) [42–47, 50–53,57]. Three reports provided data
solely on PRBCs (17.6%) [48,55,56], one of which examined allogenic and autologous PRBCs [54], and one report provided data on
the use of PRBCs, FFP, platelets, and cryoprecipitate [49]. Evalua-

tion of patient level data extracted from the reports demonstrated
that of the 881 patients who received blood products, 50.1% received unspeciﬁed blood products, 27.0% received PRBCs, 13.8% received FFP, 8.3% received whole blood, 0.7% received platelets and
0.1% received cryoprecipitate (Fig. 3). In assessing types of blood
products used based on WHO regions, there was a lower proportion of patients treated with unspeciﬁed product types from the
Eastern Mediterranean region at 25.4% compared to the African region (69.0%) and the Southeast Asia region (100.0%) (Fig. 4).
In stratiﬁed analyses based on mechanism of injury, of the 4067
patients with blunt mechanisms, 236 (5.8%) patients had reported
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Table 2
Characteristics of populations stratiﬁed by injury mechanism.
Blunt Mechanisms of Injury

Author (year)
London (2001) [41]
Moﬁdi (2010) [47]
Musau (2006) [50]
Newton (2015) [51]
Otieno (2004) [52]
Saidi (2014) [53]
Srikant (2003) [45]
Yanar (2008) [56]
Penetrating Mechanisms
Author (year)

Number of Patients
Studied
1728
400
27
210
149
1013
72
468
of Injury
Number of Patients
Studied

Overall Mortality (%)

Type of Blood
product(s) Reported on

Number of Patients
Treated with Blood
Product(s)

Volume of Blood
product per patient
(units)

Not reported
Not reported
22.2%
Not reported
Not reported
17.4%
21.0%
1.7%

Whole blood
Not speciﬁed
Not speciﬁed
Not speciﬁed
Not speciﬁed
Not speciﬁed
Not speciﬁed
PRBC

Not
56
8
Not
Not
172
Not
Not

Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
2.0
4.3-11.5a

Overall Mortality (%)

Type of Blood
product(s) Reported on
PRBCb (Allogenic)
PRBC (Allogenic &
Autologous)
Whole blood
Not speciﬁed
Not speciﬁed
Not speciﬁed

Number of Patients
Treated with Blood
Product(s)
23
21

Volume of Blood
product per patient
(units)
11.2
11.5

Not reported
15
Not reported
Not reported

Not
Not
Not
Not

Bowley (2006) [54]

44

66.0%

London (2001) [41]
Musau (2006) [50]
Newton (2015) [51]
Otieno (2004) [52]

121
53
16
10

Not reported
7.5%
Not reported
Not reported

a
b

reported

reported
reported
reported
reported

reported
reported
reported
reported

Conversion of mL/kg reported in the study assuming average 70kg male with 1 unit = 300 mL Packed Red Blood Cells
PRBC abbreviates for Packed Red Blood Cells

PRBCs group included 21 patients who received 11.5 units per patient.

Mortality outcomes

Fig. 3. Reported blood product transfusion therapies useda
a
Data derived from reports which speciﬁed transfusions at the level of individual
patients (n = 981)

data pertaining to treatment with blood products transfusion therapies. Two reports on patients with blunt injury mechanisms speciﬁed types of blood products transfused: whole blood [41] and
PRBCs [56]. Two reports included volumes of blood products provided, which were 2 units per patient in one report from India
[45] and a range of 4.3-11.5 units per patient in a report from
Turkey [56].
Of the 244 patients with penetrating mechanisms of injury, 59
(24.2%) total patients drawn from two reports had data on blood
product treatments [50,54]. One of these reports provided data on
volumes of blood product transfusion therapies used. A RCT from
South Africa studied two transfusion strategies [54] : providing allogeneic PRBCs compared to providing both allogenic and autologous PRBCs. The allogenic PRBCs group included 23 patients who
received 11.2 units per patient, while the allogenic and autologous

Of the patients with blunt mechanisms of injury, 1580 total
patients (38.8%) from four studies had data on overall mortality
[45,50,53,56]. The largest study was a cross-sectional report from
India with 1013 patients, of which mortality occurred in 17.4%. In
that report, 17.0% of patients received blood products [53]. A crosssectional report from Turkey had an overall mortality prevalence of
1.7% [56], while cohort data from Kenya demonstrated 22.2% mortality among those with blunt mechanisms of injury [50].
For patients with penetrating mechanisms of injury, two reports
provided mortality outcomes for 97 patients [50,54]. Overall mortality prevalence ranged from 7.5% [50] to 66.0% . Only one report
speciﬁed blood product types used in treatment. This report was
the RCT of 44 patients performed in South Africa that compared
mortality outcomes between allogeneic and allogeneic plus autologous PRBCs transfusions and found an overall mortality of 66.0%
that did not signiﬁcantly differ between groups [54].
Four of the reports, comprising 1189 patients in total, included
data on comparative mortality between injured patients exposed
to blood products and those who were not exposed (Table 3)
[42,50,53,54]. Two of these reports were conducted in Kenya
[50,53], one in South Africa [54] and one in India [42]. Neither of
the reports from Kenya speciﬁed the types of blood products used
[50, 53]. One report from Kenya analyzed patients who suffered
only abdominal injuries [50], while the other examined patients
treated for RTIs [53]. In the study on abdominal injury, mortality was higher in patients who received blood product transfusions
(30.4%) than in those not treated with blood products (5.26%) [50].
In the report on RTIs, 28.8% of the patients received blood product
transfusion therapies. There was higher observed mortality in the
patients that received blood products (17.4%) than in those who did
not receive transfusions (6.6%) [53]. The single report from India
studying non-obstetric lower genitourinary injuries in 52 patients,
of which 28.8% were treated with blood products, had no mortality events [42]. The RCT from South Africa studying patients with
penetrating injuries demonstrated that a combination of autolo-
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Fig. 4. Blood product transfusion therapies used by World Health Organization Regions a
a
Data derived from reports which speciﬁed transufusions at the level of individual patients (n = 981)
Table 3
Mortality outcomes by exposure to blood product transfusion therapies.

Author (year)

Injury Type

Number of
Patients Studied

Bowley (2006)
[54]

Penetrating

44

Musau (2006)
Generalc
[50]
Jana (2008) [42] Generald
Saidi (2014) [53] Blunt
a
b
c
d

Patients Treated
Overall Mortality with Blood
(%)
Product
66.0%

44a

Mortality
blood-product
non-treated

Type of Blood
Product(s)

Volume of Blood
Product (units
/patient)

80

12.5%

23

5.3%

11.2
PRBCb
(Allogeneic)
PRBC (Allogeneic 11.5
& Autologous)
Not speciﬁed
Not reported

52
1013

0.0%
7.7%

15
172

0.0%
6.6%

Not speciﬁed
Not speciﬁed

Not applicable

Not reported
Not reported

Mortality
blood-product
treated
65.2%
66.7%
30.4%
0.0%
17.4%

23 patients received PRBC (allogeneic) and 21 patients received PRBC (allogeneic & autologous)
PRBC abbreviates for Packed Red Blood Cells
Report included only abdominal injuries
Report included only non-obstetric gynecological injuries

gous and allogeneic PRBCs resulted in similar mortality outcomes
as solely allogeneic PRBCs [54].
Quality assessment
The quality of reports and assessment of bias based on the
GRADE criteria are shown in Table 4 [32–34]. The overall quality of
the sixteen included observational reports was either low (56.3%)
or very low (37.5%), with one report [43] assessed to be of moderate quality (6.3%). The quality of evidence for the one included RCT
was very low. The most commonly identiﬁed limitations of reports
were failure to control for confounders (82.4%), imprecision of outcomes measures (58.8%) and incomplete follow-up (53.0%).

Discussion
Available data from the systematically identiﬁed research
demonstrates that there is insuﬃcient high-quality evidence to inform the use of blood product transfusion therapies for injury care
in LMICs. The gaps in the evidence base pertain to speciﬁc types of
transfusion therapies, geographic representation and blood product
resuscitation treatments across differing injury patterns and mechanisms. With the far-reaching impacts of injuries in LMICs [1–5,
29] and the limited available research from these settings, additional study of blood product therapies, which are key to combating injury-related mortality, is crucial for informing clinical practice and policy.
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Table 4
Quality assessment of included reports using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) Criteria [32–34].
Observational Studiesa
Author (Year)
Alimohammadi (2017)
[46]
Hommes (2015) [55]
Jana (2008) [42]
Javali (2017) [43]
Kilyewala (2017) [57]
London (2001) [41]
Moﬁdi (2010) [47]
Musau (2006) [50]
Newton (2015) [51]
Otieno (2004) [52]
Sadeghi (2017) [48]
Saidi (2014) [53]
Sokhal (2017) [44]
Srikant (2003) [45]
Tavousi (2018) [49]
Yanar (2008) [56]
Randomized Trialsb
Author (Year)
Bowley (2006) [54]

Existing Limitations
3, 4, 5

Overall Quality of
Evidence
Very Low

1,
3,
3
3,
2,
2,
3,
1,
3,
2,
3,
3,
1,
3,
3,

Very Low
Low
Moderate
Very Low
Low
Very Low
Low
Very Low
Low
Low
Low
Low
Very Low
Low
Low

3, 4
5
4,
4
4,
4
3,
4
3
5
5
3,
5
4

5
5
4, 5

4

Existing Limitations
1, 2, 5
Assessed Limitations
Observational Studiesa
1. Poorly developed and
applied eligibility
criteria
2. Flawed exposure and
outcome measurements
3. Failure to control for
confounders or fully
evaluate prognostic
factors
4. Imprecision of
outcome measures
5. Incomplete follow up

Overall Quality of
Evidence
Very Low
Assessed Limitations
Randomized Trialsb
1. Lack of allocation
concealment
2. Lack of blinding
3. Incomplete accounting
of patients and outcome
events
4. Selective outcome
reporting bias
5. Other limitations
(early stoppage,
unvalidated outcome
measures, carryover
effects, recruitment bias)

There is substantial research, including well-performed RCTs
from HICs, that has led to development of consensus guidelines
on the use of blood products in the treatment of acute injuries
[14–16,18,59,60] [8,18,61,62]. Even though the global burden of injuries lies predominantly in LMICs [1–5,29], this systematic review
demonstrates that there is a paucity of high-quality research from
these settings. This discordance likely contributes to perpetuating
the asymmetric morbidity and mortality outcomes observed between higher-resourced and lower-resourced settings. Although it
has been proposed that injury care in LMICs could be guided by
extrapolation from combat setting research, this approach may not
be appropriate, as unique resources and injury patterns exist in
the military context that are unlike those in civilian populations
[11,63]. Furthermore, as controlled trials evaluating HIC care protocols for sepsis have been shown to result in increased mortality
in African settings [64,65], gathering setting-speciﬁc data to inform
treatments in LMICs is essential to delivering appropriate and safe
healthcare to injured patients.
This review not only emphasizes the scarcity of available data
on the use of blood product transfusion therapies in acute injury
care in LMICs but also identiﬁes priority focus areas for future
investigation. The included reports illustrate geographic deﬁciencies in the data, as no LMICs from the Americas or the Western
Paciﬁc WHO regions were identiﬁed. These regions account for a
large proportion of worldwide injury-related mortality and several nations from these regions (Philippines [66], China [67] and
Brazil [68,69]) contribute substantially to the global burden of RTIs
[2]. In addition, the majority of reports from LMICs in this review
failed to deﬁne the types of blood products transfused [42–47,50–

53,57]. Measures of data collection were also inconsistent across
the included reports, as many studies did not indicate the volumes of types of blood products used. Future LMIC injury research
would be enhanced by employing reproducible reporting metrics
that could be standardized across settings on the types and volumes of blood product transfusion therapies provided in injury
care. Use of such metrics would advance scientiﬁc understanding
while also contributing to improved infrastructure for global monitoring and evaluation [70].
This review yielded minimal data informing the variable use
of blood product transfusions in blunt versus penetrating injuries.
As there are differing treatment paradigms of blood product usage and associated clinical targets based on mechanism of injury
[38–40], more data related to these variable presentations from
LMICs are needed. Furthermore, future studies should take into account the anatomical location of injuries, as the impact of blood
product therapies may vary across injury phenotypes; for example,
anemia in traumatic brain injury has been associated with poorer
outcomes [71,72]. In penetrating mechanisms, the impact of blood
product therapies may be modulated by the presence and extent of
vascular injuries. Future studies should aim to provide a more thorough understanding of both the use of blood product therapies in
general and the injury populations in LMICs based on mechanisms
and types of injuries.
Only four identiﬁed reports provided comparative mortality
outcomes between patients treated and not treated with blood
product therapies [42,50,53,54]. Two of the reports demonstrated a
greater overall proportional mortality with the use of blood products [50,53]. However, as the source data did not adequately control for potential confounders such as injury severity, comorbidities and additional interventions, the relationship between injury
treatments with blood products and mortality in LMICs is inconclusive. Given the role of blood product transfusions in injury care
and the mortality burden of injuries in LMICs [1–5], there is an imperative to better understand the impacts of blood product therapies on patient-centered outcomes so that limited and often scarce
blood product resources are allocated most appropriately. It would
also be beneﬁcial to characterize morbidity outcomes associated
with hemorrhagic injuries such as acute respiratory distress syndrome, venous thromboembolism and infection, in LMIC settings
where resources to address such complications may be less available [73].
Limitations
While this systematic review used a comprehensive search protocol and the identiﬁed reports are representative of the body
of available literature on blood product transfusion therapies in
LMICs, limitations do exist. It is possible that some relevant data
were not included. Speciﬁcally, there were three multinational reports meeting inclusion criteria for which the data could not be
disaggregated, and although the corresponding authors were contacted to obtain the source data, extraction was not possible [74–
76]. As well, non-English language reports were not included and
this may have limited the identiﬁcation of possibly relevant data.
Additionally, although by design, conference proceedings and grey
literature were excluded, which could have biased the ﬁndings.
However, the review aimed to identify high-quality peer-reviewed
data. Thus, the ﬁndings allow reasonable conclusions to be drawn
from the best available evidence on the use of blood product transfusion therapies in LMICs and can therefore inform future research
priorities. This review was limited to non-retrospective reports to
identify the most methodologically robust data, but the included
reports were found to be predominantly of low or very low quality. The most common methodological weakness across the reports
was failure to control for confounders. Although this does inhibit
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the analysis, it should not impact the results relevant to the primary aim of characterizing the available literature on blood product transfusion therapies for injury care in LMICs. As discussed,
the data deﬁciencies in the use of varying blood product types
and volumes were abundant in the identiﬁed reports. Due to these
discrepancies, assumptions were employed based on standardized
blood product volumes and weights [30,31]. While this strategy
allowed for a more uniform and comprehensive reporting of the
data, the assumption may not be completely congruent with the
source reports. Additionally, a pre-deﬁned time frame for mortality
outcomes was not used to extrapolate from the existing data because this information was diﬃcult to ascertain from the included
reports. These challenges again point to the need for higher-quality
research with standardized monitoring and evaluation to improve
understanding of the usage and impact of blood products during
injury care in LMICs [70].
Conclusions
This systematic review characterizes the literature pertaining to
the use of blood product transfusion therapies in LMICs and associated outcomes of acute care of patients with injuries. The results
illustrate the paucity of available high-quality data and identify key
areas for further investigation. Future research in LMICs should focus on enhancing understanding of the impact of speciﬁc types
of transfusion therapies, expanding the knowledge base on blood
product resuscitation treatments across injury patterns and mechanisms and increase geographic representation in the data. Furthermore, these future works should aim to use standardized and
translatable data collection methods in the study of blood product
therapies in LMIC injury care.
Author contributions
LY, JSR, AS and ARA conceived the study and supervised the
conduct of data collection and management. LY, JSR, AS and ARA
developed the statistical plan and analyzed the data.All authors
took part in drafting and revising the manuscript. ARA takes responsibility for the manuscript in its entirety.
Declaration of Competing Interest
The authors have no competing interests to declare. All authors
had full access to all study data and had ﬁnal responsibility for the
decision to submit for publication. The content of this manuscript
is solely the responsibility of the authors and does not necessarily
represent the views of the aﬃliated academic organizations.
Acknowledgments
The authors acknowledge the contribution of Erika Sevetson,
Health Sciences Librarian, Champlin Memorial Library, Alpert Medical School for her assistance in designing and executing the systematic search. Also, deep appreciation is extended to the authors
and subjects that provided the data in the source reports used in
this review.
Supplementary materials
Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.injury.2020.05.007.
References
[1] World Health Organization, Injuries and violence: the facts 2014.
https://apps.who.int/iris/bitstream/handle/10665/149798/9789241508018_eng.
pdf;jsessionid=AFD594D73BA576266D17C34C2C14EC4F?sequence=1,
2014
(accessed 20 February 2020).

1475

[2] Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi H, Mullany EC, et al. The
global burden of injury: incidence, mortality, disability-adjusted life years
and time trends from the Global Burden of Disease study 2013. Inj Prev
2016;22:3–18.
[3] Kauvar DS, Wade CE. The epidemiology and modern management of traumatic
hemorrhage: US and international perspectives. Crit Care 2005;9(5):S1–9
Suppl.
[4] Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the global burden of disease study 2010.
Lancet 2012;380:2095–128.
[5] Krug EG, Sharma GK, Lozano R. The global burden of injuries. Am J Public
Health 20 0 0;90:523–6.
[6] Holcomb JB, Spinella PC. Optimal use of blood in trauma patients. Biologicals
2010;38:72–7.
[7] Teixeira PG, Inaba K, Hadjizacharia P, Brown C, Salim A, Rhee P, et al. Preventable or potentially preventable mortality at a mature trauma center. J
Trauma 2007;63:1338–47.
[8] American College of Surgeons. ATLS advanced trauma life support 10th edition
student course manual. Chicago: American College of Surgeons; 2018.
[9] Nunez TC, Cotton BA. Transfusion therapy in hemorrhagic shock. Curr Opin Crit
Care 2009;15:536–41.
[10] Beekley AC. Damage control resuscitation: a sensible approach to the exsanguinating surgical patient. Crit Care Med 2008;36:S267–74.
[11] Spinella PC. Warm fresh whole blood transfusion for severe hemorrhage:
U.S. military and potential civilian applications. Crit Care Med 2008;36:
S340–S345.
[12] Gurney JM, Spinella PC. Blood transfusion management in the severely bleeding military patient. Curr Opin Anaesthesiol 2018;31:207–14.
[13] Spinella PC, Reddy HL, Jaffe JS, Cap AP, Goodrich RP. Fresh whole blood use for
hemorrhagic shock: preserving beneﬁt while avoiding complications. Anesth
Analg 2012;115:751–8.
[14] Biﬄ WL, Smith WR, Moore EE, Gonzalez RJ, Morgan SJ, Hennessey T, et al. Evolution of a multidisciplinary clinical pathway for the management of unstable
patients with pelvic fractures. Ann Surg 2001;233:843–50.
[15] Cotton BA, Gunter OL, Isbell J, Au BK, Robertson AM, Morris JA, Jr, et al. Damage control hematology: the impact of a trauma exsanguination protocol on
survival and blood product utilization. J Trauma 2008;64:1177–83.
[16] Vaslef SN, Knudsen NW, Neligan PJ, Sebastian MW. Massive transfusion exceeding 50 units of blood products in trauma patients. J Trauma
2002;53:291–6.
[17] Koh EY, Oyeniyi BT, Fox EE, Scerbo M, Tomasek JS, Wade CE, et al. Trends in
potentially preventable trauma deaths between 20 05-20 06 and 2012-2013. Am
J Surg 2019;218:501–6.
[18] Napolitano LM, Kurek S, Luchette FA, Corwin HL, Barie PS, Tisherman SA,
et al. Clinical practice guideline: red blood cell transfusion in adult trauma
and critical care. Crit Care Med 2009;37:3124–57.
[19] Mueller MM, Van Remoortel H, Meybohm P, Aranko K, Aubron C, Burger R,
et al. Patient blood management: recommendations from the 2018 Frankfurt
Consensus Conference. JAMA 2019;321:983–97.
[20] Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et al. The
European guideline on management of major bleeding and coagulopathy following trauma: ﬁfth edition. Crit Care 2019;23:98.
[21] Pasricha S-R, Drakesmith H, Black J, Hipgrave D, Biggs B-A. Control of iron deﬁciency anemia in low- and middle-income countries. Blood 2013;121:2607–17.
[22] Aluisio AR, Rege S, Stewart BT, Kinuthia J, Levine AC, Mello MJ, et al. Prevalence
of HIV-seropositivity and associated impact on mortality among injured patients from low-and middle-income countries: a systematic review and meta–
analysis. Curr HIV Res 2017;15:307–17.
[23] United Nations Programme on HIV/AIDS (UNAIDS), UNAIDS data. https://www.
unaids.org/sites/default/ﬁles/media_asset/2019-UNAIDS-data_en.pdf, 2019 (accessed 20 February 2020).
[24] Ahmed T, Hossain M, Sanin KI. Global burden of maternal and child undernutrition and micronutrient deﬁciencies. Ann Nutr Metab 2012;61(1):8–17 Suppl.
[25] Lund TC, Hume H, Allain JP, McCullough J, Dzik W. The blood supply
in Sub-Saharan Africa: needs, challenges, and solutions. Transfus Apher Sci
2013;49:416–21.
[26] World Health Organization, Blood safety and availability. https://www.who.int/
news-room/fact-sheets/detail/blood-safety-and-availability, 2019 (accessed 20
February 2020).
[27] The
World
Bank,
World
Bank
country
and
lending
groups.
https://datahelpdesk.worldbank.org/knowledgebase/articles/
906519- world- bank- country- and- lending- groups, 2020 (accessed 20 February
2020).
[28] Holder Y, Peden M, Krug E, et al. World Health Organization, Centers of Disease Control and Prevention. Injury Surveill Guidel 2001. https://www.who.int/
violence_injury_prevention/media/en/136.pdf (accessed 26 April 2020).
[29] Global Burden of Disease Study C. Global, regional, and national incidence,
prevalence, and years lived with disability for 301 acute and chronic diseases
and injuries in 188 countries, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2015;386:743–800.
[30] Elzik ME, Dirschl DR, Dahners LE. Correlation of transfusion volume to change
in hematocrit. Am J Hematol 2006;81:145–6.
[31] Liumbruno G, Bennardello F, Lattanzio A, Piccoli P, Rossetti G. Recommendations for the transfusion of red blood cells. Blood Transfus. = Trasfus. del
Sangue 2009;7:49–64.

1476

L. Yang, J. Slate-Romano and C.G. Marqués et al. / Injury 51 (2020) 1468–1476

[32] Guyatt GH, Oxman AD, Schunemann HJ, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the Journal of Clinical Epidemiology. J
Clin Epidemiol 2011;64:380–2.
[33] Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ 2008;336:924–6.
[34] Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al. GRADE
guidelines: 4. Rating the quality of evidence–study limitations (risk of bias). J
Clin Epidemiol 2011;64:407–15.
[35] Yang L, Slate-Romano J, Aluisio A. Use and impacts of blood transfusion
therapies for emergency and/or acute care of patients with injuries in
low- and middle-income countries: a systematic review. PROSPERO Registration (CRD42020119538). Available from: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42020119538.
[36] Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics 1977;33:159–74.
[37] McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb)
2012;22:276–82.
[38] Bickell WH, Wall MJ Jr, Pepe PE, Martin RR, Ginger VF, Allen MK, et al. Immediate versus delayed ﬂuid resuscitation for hypotensive patients with penetrating torso injuries. N Engl J Med 1994;331:1105–9.
[39] Dutton RP, Mackenzie CF, Scalea TM. Hypotensive resuscitation during active
hemorrhage: impact on in-hospital mortality. J Trauma 2002;52:1141–6.
[40] Owattanapanich N, Chittawatanarat K, Benyakorn T, Sirikun J. Risks and beneﬁts of hypotensive resuscitation in patients with traumatic hemorrhagic shock:
a meta-analysis. Scand J Trauma Resusc Emerg Med 2018;26:107.
[41] London JA, Mock CN, Quansah RE, Abantanga FA, Jurkovich GJ. Priorities
for improving hospital-based trauma care in an African city. J Trauma
2001;51:747–53.
[42] Jana N, Santra D, Das D, Das AK, Dasgupta S. Nonobstetric lower genital tract
injuries in rural India. Int J Gynaecol Obstet 2008;103:26–9.
[43] Javali RH, Ravindra P, Patil A, Srinivasarangan M, Mundada H, Adarsh SB,
et al. A clinical study on the initial assessment of arterial lactate and base
deﬁcit as predictors of outcome in trauma patients. Indian J Crit Care Med
2017;21:719–25.
[44] Sokhal AK, Lodha KG, Kumari M, Paliwal R, Gothwal S. Clinical spectrum
of electrical burns - a prospective study from the developing world. Burns
2017;43:182–9.
[45] Srikant M, Siba PP, Rao KRRM, Balakrishna B. Options in the management of solid visceral injuries from blunt abdominal trauma. Indian J Surg
2003;65:263–8.
[46] Alimohammadi H, Kianian Y, Zerepoosh FB, Derakhshanfar H, Alavi–
Moghadam M, Hatamabadi HR, et al. Accuracy of emergency transfusion score
in prediction need for blood transfusion among multiple trauma patients: a
cross-sectional study from Iran. Int J Crit Illn Inj Sci 2017;7:248–51.
[47] Moﬁdi M, Hasani A, Kianmehr N. Determining the accuracy of base deﬁcit in
diagnosis of intra-abdominal injury in patients with blunt abdominal trauma.
Am J Emerg Med 2010;28:933–6.
[48] Sadeghi A, Belali S, Ali Asgari A, Morovat Z, Malekzadeh R, Emadi A. Inappropriate packed RBC transfusion in a tertiary care center. Arch Iran Med
2017;20:83–5.
[49] Tavousi SH, Ahmadabadi A, Sedaghat A, Khadem-Rezaiyan M, Yaghoubi
Moghaddam Z, Behrouzian MJ, et al. Blood transfusion in burn patients:
triggers of transfusion in a referral burn center in Iran. Transfus Clin Biol
2018;25:58–62.
[50] Musau P, Jani PG, Owillah FA. Pattern and outcome of abdominal injuries at
Kenyatta National Hospital. East Afr Med J 2006;83:37–43.
[51] Newton MW, Sileshi B, Mungai M, Njorge M, Kiptanui J, Sandberg WS,
et al. Operative trauma in a tertiary care center in Kenya: detailed causality,
demographics, and mortality (Abstract). Ann Glob Health 2015;81:79–80.
[52] Otieno T, Woodﬁeld JC, Bird P, Hill AG. Trauma in rural Kenya. Injury
2004;35:1228–33.
[53] Saidi H, Mutiso BK, Ogengo J. Mortality after road traﬃc crashes in a system
with limited trauma data capability. J Trauma Manag Outcomes 2014;8:4.
[54] Bowley DM, Barker P, Boffard KD. Intraoperative blood salvage in penetrating abdominal trauma: a randomised, controlled trial. World J Surg
2006;30:1074–80.
[55] Hommes M, Navsaria PH, Schipper IB, Krige JE, Kahn D, Nicol AJ. Management
of blunt liver trauma in 134 severely injured patients. Injury 2015;46:837–42.

[56] Yanar H, Ertekin C, Taviloglu K, Kabay B, Bakkaloglu H, Guloglu R. Nonoperative
treatment of multiple intra-abdominal solid organ injury after blunt abdominal trauma. J Trauma 2008;64:943–8.
[57] Kilyewala C, Alenyo R, Ssentongo R. Determinants and time to blood transfusion among thermal burn patients admitted to Mulago Hospital. BMC Res
Notes 2017;10:258.
[58] Isbister GK, Jayamanne S, Mohamed F, Dawson AH, Maduwage K, Gawarammana I, et al. A randomized controlled trial of fresh frozen plasma for coagulopathy in Russell’s viper (Daboia russelii) envenoming. J Thromb Haemost
2017;15:645–54.
[59] Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Podbielski JM, et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1 vs a 1:1:2 ratio
and mortality in patients with severe trauma: the PROPPR randomized clinical trial. JAMA 2015;313:471–82.
[60] Sperry JL, Guyette FX, Brown JB, Yazer MH, Triulzi DJ, Early-Young BJ, et al. Prehospital plasma during air medical transport in trauma patients at risk for
hemorrhagic shock. N Engl J Med 2018;379:315–26.
[61] Carson JL, Guyatt G, Heddle NM, Grossman BJ, Cohn CS, Fung MK, et al. Clinical
practice guidelines from the AABB: red blood cell transfusion thresholds and
storage. JAMA 2016;316:2025–35.
[62] The American Society of Anesthesiologists Committee on Standards and Practice Parameters and the Task Force on Perioperative Blood Management Practice guidelines for perioperative blood management: an updated report by the
American Society of Anesthesiologists Task Force on perioperative blood management. Anesthesiology 2015;122:241–75.
[63] Chatﬁeld-Ball C, Boyle P, Autier P, van Wees SH, Sullivan R. Lessons learned
from the casualties of war: battleﬁeld medicine and its implication for global
trauma care. J R Soc Med 2015;108:93–100.
[64] Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, Akech SO,
et al. Mortality after ﬂuid bolus in African children with severe infection. N
Engl J Med 2011;364:2483–95.
[65] Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S, Heimburger DC,
et al. Effect of an early resuscitation protocol on in-hospital mortality
among adults with sepsis and hypotension: a randomized clinical trial. JAMA
2017;318:1233–40.
[66] O’Connor LR, Ruiz RA. Alcohol and hospitalized road traﬃc injuries in the
Philippines. Yale J Biol Med 2014;87:307–19.
[67] Wang X, Yu H, Nie C, Zhou Y, Wang H, Shi X. Road traﬃc injuries in China
from 2007 to 2016: the epidemiological characteristics, trends and inﬂuencing
factors. PeerJ 2019;7:e7423.
[68] Reichenheim ME, de Souza ER, Moraes CL, de Mello Jorge MH, da Silva CM, de
Souza Minayo MC. Violence and injuries in Brazil: the effect, progress made,
and challenges ahead. Lancet 2011;377:1962–75.
[69] Gawryszewski VP, Rodrigues EM. The burden of injury in Brazil, 2003. Sao
Paulo Med J 2006;124:208–13.
[70] Aluisio AR, Waheed S, Cameron P, Hess J, Jacob ST, Kissoon N, et al. Clinical
emergency care research in low-income and middle-income countries: opportunities and challenges. BMJ Glob Health 2019;4:e001289.
[71] Litofsky NS, Martin S, Diaz J, Ge B, Petroski G, Miller DC, et al. The negative
impact of anemia in outcome from traumatic brain injury. World Neurosurg
2016;90:82–90.
[72] Kramer AH, Zygun DA. Anemia and red blood cell transfusion in neurocritical
care. Crit Care 2009;13:R89.
[73] Baelani I, Jochberger S, Laimer T, Otieno D, Kabutu J, Wilson I, et al. Availability
of critical care resources to treat patients with severe sepsis or septic shock
in Africa: a self-reported, continent-wide survey of anaesthesia providers. Crit
Care 2011;15:R10.
[74] Boffard KD, Riou B, Warren B, Choong PIT, Rizoli S, Rossaint R, et al. Recombinant factor VIIa as adjunctive therapy for bleeding control in severely injured
trauma patients: two parallel randomized, placebo-controlled, double-blind
clinical trials. J Trauma 2005;59:8–18.
[75] Rice TW, Morris S, Tortella BJ, Wheeler AP, Christensen MC. Deviations from
evidence-based clinical management guidelines increase mortality in critically
injured trauma patients. Crit Care Med 2012;40:778–86.
[76] Shakur H, Roberts I, Bautista R, Caballero J, Coats T, Dewan Y, et al., CRASH-2
Trial collaborators Effects of tranexamic acid on death, vascular occlusive
events, and blood transfusion in trauma patients with signiﬁcant haemorrhage
(CRASH-2): a randomised, placebo-controlled trial. Lancet 2010;376:23–32.

