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National blood use patterns in sub-Saharan Africa are poorly described. Although malaria and maternal hemor-
rhage remain important drivers of blood demand across Africa, economic growth and changes in malaria, HIV/
AIDS, and noncommunicable disease epidemiology may contribute to changes in blood demand. We evaluated
indications for blood use in Namibia, a country in southern Africa, using a nationally representative sample
anddiscuss implications for the region. Clinical and demographic data related to the issuance of blood component
units in Namibia were reviewed for a 4-year period (August 1, 2007–July 31, 2011). Variables included blood
component type, recipient age and sex, and diagnosis. Diagnoses reported by clinicians were reclassified into
International Statistical Classification of Diseases, 10th Revision categories. Multiple imputation methods were
used to complete a data set missing age, sex or diagnosis data. Descriptive analyses were conducted to describe
indications for transfusions and use of red blood cells (RBCs), platelets, and plasma. A total of 39 313 records ac-
counting for 91 207 blood component units were analyzed. The median age of Namibian transfusion recipients
was 45 years (SD, ±19). A total of 78 660 RBC units were issued in Namibia during the study period. Red
blood cells transfused for “unspecified anemia” accounted for the single largest category of blood issued (24
798 units). Of the overall total, 38.9% were for diseases of the blood and blood-forming organs (D50-D89). Infec-
tious disease (A00-B99), pregnancy (O00-O99), and gastrointestinal (K20-K93) accounted for 14.8%, 11.1%, and
6.1% of RBC units issued, respectively. Although a specific diagnosis ofmalaria accounted for only 2.7% of pediatric
transfusions, an unknown number of additional transfusions for malaria may have been categorized by
requesting physicians as unspecified anemia and counted under diseases of blood forming organs. During the
study period, 9751 units of fresh-frozen plasma were issued. Nearly one-quarter of these units (23.1%) were is-
sued for gastrointestinal (K20-K93) diagnoses. Malignant neoplasms (C00-C97) accounted for 38.1% of 2978
platelet units issued. Blood use in Namibia reflects changes in the health care system due to economic develop-
ment, improvement in HIV/AIDS and malaria epidemiology, high rates of health care facility–based childbirth,
and access to noncommunicable disease treatment. However, better documentation of the indications for trans-
fusion is needed to confirm these observations. Changing patterns of health care will result in changing demands
for blood components. Improvedmethods to evaluate blood use patterns in sub-Saharan Africa may help set re-
alistic national blood collection goals.
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Studying blood use patterns is essential for forecasting and
predicting future blood stock requirements. In industrialized countries,
many surveys have been conducted to document blood use in a number
of clinical settings, including surgical wards [1], trauma departments
[2,3], and large academic or regional medical centers [4–7]. Other stud-
ies in industrialized settings have evaluated blood use to plan for demo-
graphic shifts related to an aging population [8] or the impact of
transfusion alternatives [9–13]. Beyond blood stock management,
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transfusion services in developed countries have also studied blood use
to track the appropriate use of transfusions [14,15], the impact of inter-
ventions, such as training [16,17], or the introduction of new technolo-
gies on physicians' blood prescribing practices [18].

Similar studies describing blood use have been conducted in develop-
ing countries but are generally limited in sub-Saharan Africa [19–22]. The
fewavailable studies from the region are restricted to specificwards or re-
gional or tertiary hospitals, and only cover short periods [23,24]. Based on
these limited studies, the most common clinical indications for blood in
sub-Saharan Africa are generally assumed to be maternal hemorrhage,
trauma, and malaria-associated anemia in children. However, broader
analyses that evaluate current blood use at a national level are lacking. Al-
though traditional clinical indicators such as maternal hemorrhage
and malaria-associated anemia undoubtedly remain significant in rural
and less developed parts of sub-Saharan Africa, their importance
may be overestimated in rapidly urbanizing areas, particularly in
middle-income countries. For example, improvements in access to spe-
cialist care and the increasing burden of cancer and other chronic
noncommunicable diseases have been reported in sub-Saharan Africa
[25] and may result in changing blood use patterns.

Namibia is a geographically large, but sparsely populated country in
southern Africa. The World Bank has classified Namibia's mining, fish-
ing, and tourism-based economy as upper middle income. However,
the country has one of the region's highest rates of maternal mortality
[26] and one of the highest burdens of HIV/AIDS in the world [27]. Sub-
stantial economic inequalities also persist [28], contributing to
Namibia's current ranking in the bottom third of countries (128/187
ranked countries) on the United Nations Development Programme's
Human Development Index [29]. Despite the broad development chal-
lenges facing Namibia, the country's health care system, represented
by a national network of public and private clinics, hospitals, and insur-
ance schemes, has made substantial progress since Namibia achieved
independence in 1990 [30]. The government has consistently sought
tomeet international targets for annual government spending on health
[31,32], and significant improvements have been reported in malaria
control indicators since 2000 [33]. The Blood Transfusion Service of
Namibia (NAMBTS), a private nongovernmental organization with the
exclusive mandate to collect, process, and distribute blood in Namibia,
has also successfully expanded collections, screening, component pro-
duction, and distribution systems to meet an increasing demand for
blood and blood components over the last decade [34].

NAMBTS maintains an electronic database containing information
about every transfusion blood unit issued nationally. The database
does not capture information about actual blood use or patient out-
comes because a feedback loop does not currently exist between hospi-
tal wards and NAMBTS. Because of this limitation, we presumed the
majority of issued units were also transfused. Records were analyzed
by diagnosis, age, and sex over a 4-year period. The findings presented
here represent a unique cross-sectional portrait of estimated blood
use in a middle income sub-Saharan African country. The findings also
suggest that historical blood demand patterns may be changing in
some parts of Africa as a result of economic development and changes
in infectious and noncommunicable disease epidemiology.

Materials and Methods

Clinical and demographic data were reviewed for a 4-year period
from August 1, 2007, through July 31, 2011. In Namibia, blood and
blood components are issued from blood banks based on information
provided by clinicians on a standardized, hand-written (electronic
blood ordering systems are not used in Namibia), national Blood Re-
quest Form (BRF). For this study, the number and type of blood compo-
nents ordered were analyzed and stratified against demographic
variables, including patients' age, sex, and diagnosis. Although informa-
tion about the number and type of unit ordered and the date and loca-
tion of every BRF is captured in an electronic NAMBTS database for
billing purposes, and all demographic variables are required on the
paper-based BRF submitted by clinicians, patients' age, sex, and diagno-
sis information were not routinely included in the electronic record.
Prior to the analysis, a random sample representing more than two-
thirds of the electronic records between August 1, 2007, and July 31,
2011, were retrospectively updated to include the 3 key demographic
variables. Simple random sampling for date and facility was accom-
plished by selecting binders containing paper-based BRFs fromdifferent
sections and shelves of the NAMBTS archive. Because BRFs are filed
chronologically in the order they are received, each binder effectively
represented a random sample of facilities reporting data during a
given period. The full archive was not updated due to time and funding
limitations. Records in the updated data set were 100% complete for
date and location of the transfusion, as well as for the number and
type of blood components ordered. However, 23.2%, 19.6%, and 9.9% of
records were missing variables for diagnosis, age, and sex, respectively.
Overall, 32.8% of all records were missing at least 1 of the 3 clinical var-
iables. To complete the analysis despite missing variables, a fully condi-
tional multiple imputation (FCS MI) method was specified and used
[35]. Complete case analysis (also known as case-wise deletion or list-
wise deletion, where only observations that have no missing data in
any variable are used) was also conducted in parallel for comparison
with FCS MI.

To create a full, 4-year nationally representative data set and tomin-
imize bias due to systematic differences between complete records and
those withmissing data, FCS MI was performed in 3 steps. First, FCS im-
putations were generated sequentially for each blank variable by con-
sidering the distribution and frequencies of all available variables, for
example, location, date, and product type. Thus, the imputation model
was based on information contained in the complete or partially com-
plete records. This processwas repeatedmultiple times,finally resulting
in the creation of 20 complete imputed data sets. Second, multinomial
logistic regression modeling was used with each imputed data set to
compute conditional proportions and 95% confidence intervals (95% CI)
for the 3 blood unit types (red blood cells [RBC], all red cell concen-
trate, and whole blood units; platelets; and fresh-frozen plasma [FFP])
and was stratified by diagnosis, age, and sex. Third, all 20 data sets
were combined resulting in statistically valid estimates that translated
the uncertainty caused by themissing data into thewidth of the CI. Out-
puts from the imputed data set were also compared against similar out-
puts calculated by excluding records with missing data. All statistical
analyses, including multiple imputation methods, were conducted
using SAS version 9.3 (SAS Institute, Cary, NC).

Total numbers of each type of blood component unit associatedwith
each transfusion event were established and stratified by component
type and by year. A transfusion event was defined as any patient record
in which at least 1 type of blood componentwas ordered for an individ-
ual patient. The total numbers of RBC, platelet, and FFP units issued each
year were further stratified by age and sex. Because actual transfusions
are not documented by NAMBTS, all units in the analysis were pre-
sumed to have been transfused. Similarly, data were not available to as-
sess instances in which blood units were not available to meet specific
requests. NAMBTS recognizes that blood shortages may occur at the fa-
cility level; however, operational experience suggests that any gap be-
tween supply and demand nationally is likely smaller than observed
elsewhere in sub-Saharan Africa. For this study, all requests were pre-
sumed to have been issued. The median age of transfusion recipients
and the frequency of transfusion events by age were derived from the
imputed database.

Certain subanalyses were conducted on the original nonimputed
sample data set. This was necessary to avoid instability in the imputa-
tion model with large numbers of variables. For example, only the 20
broad International Statistical Classification of Diseases (ICD)–based diag-
nostic categories were included in the imputation model, not the more
than 200 original diagnoses entered by prescribing clinicians in the BRF.
Subanalyses conducted on the original data set included the frequency



Table 1
Distribution and frequency of diagnosis, age, and sex variables in original NAMBTS data sample

Missing variable patterns 2007/2008 2008/2009 2009/2010 2010/2011 Grand total

Diagnosis Age Sex n (records) % n (records) % n (records) % n (records) % n (records) %

√ √ √ 5825 66.2 7060 70.9 7418 70.5 6286 62.7 26 589 67.6
√ √ × 67 0.8 37 0.4 6 0.1 17 0.2 127 0.3
√ × √ 818 9.3 1031 10.4 875 8.3 586 5.8 3310 8.4
√ × × 61 0.7 42 0.4 16 0.2 38 0.4 157 0.4
× √ √ 1080 12.3 819 8.2 1048 10.0 1875 18.7 4822 12.3
× √ × 19 0.2 7 0.1 9 0.1 15 0.2 50 0.1
× × √ 226 2.6 169 1.7 255 2.4 437 4.4 1087 2.8
× × × 704 8.0 798 8.0 891 8.5 778 7.8 3171 8.1
Grand total 8800 100 9963 100 10 518 100 10 032 100 39 313 100

√, variable present in the original sample; ×, variable not present in the original sample.
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of specific diseases within the broad ICD-10 categories for “infectious
disease” and “diseases of the blood and blood-forming organs,” and an
analysis of changes in pediatric transfusion requests since the last
NAMBTS assessment of blood use in 1998 [36].

Data collection followed approval from the ethics committee of the
Namibian Ministry of Health and Social Services. Because the study in-
volved the evaluation of routine public health program data, it was
not considered research involving human subjects by the US Centers
for Disease Control and Prevention, Atlanta, Georgia, USA.

Results

A total of 39 313 blood requests (each representing a transfusion
event) were received by NAMBTS and partially entered into the national
database during the studyperiod. As noted above, NAMBTS only routinely
enters data necessary for billing into the national electronic database. Of
these, 26 589 (67.6%) electronic records were updated retrospectively
to contain complete data on diagnosis, age, and sex. The remaining re-
cords were missing 1 or more of the 3 variables (Table 1). The multiple
RBC: Red blood cells
FFP: Fresh frozen plasma
PLT: Platelets

Reques
RBC+FFP+

0.6

Fig 1. Requests for blood components by component type and combination of co
imputation exercise successfully added missing diagnosis, age, and/or
sex variables to 12 724 records, allowing the analysis to be conducted
on all 39 313 records from the 48-month study period. These records
accounted for 91 389 blood component units. One percent of RBC units
were excluded from the final data set due tomisclassification of male pa-
tients under pregnancy-related diagnoses. A total of 91 207 unitswere in-
cluded in the final analysis. Of the 39 313 blood requests included in the
study, 83.2% requested RBC units only (Fig 1).

The median age of patients receiving any kind of blood component
was 49 years (interquartile range [IQR], 29) for men and 41 years
(IQR, 30) forwomen (median for all patients, 45 years; IQR, 27). Patients
in the 25- to 39-year age range consumed the highest number and pro-
portion of units (34.8%; n = 31 736 units; Fig 2).

Red Blood Cells

A total of 78 660 units of RBCwere requested and issued byNAMBTS
during the study period. Of these, 38.9% (n= 30 616 units) were issued
for diagnoses in the diseases of the blood and blood-forming organs and
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mponents, Namibia, 2007-2009 (n = 39 313 transfusion request records).
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Fig 2. Four-year aggregate blood component use by age, Namibia, 2007-2011.
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certain disorders involving the immune mechanism (D50-D89). Within
this category, unspecified anemia accounted 81.0% (n = 24 799) of the
units (Fig 3). Diagnoses in the Infectious Disease (A00-B99), pregnancy
(O00-O99), and gastrointestinal (K20-K93) categories accounted for
14.8%, 11.1%, and 6.1% of units issued, respectively (Table 2). Within the
infectious disease category (n=11 648 units), patients with AIDS or per-
sons living with HIV diagnoses accounted for 64.0% of units, followed by
tuberculosis diagnoses (15.1%). In the pregnancy category (n = 8702
units), the most common indication was postpartum hemorrhage
(22.6%), closely followed by abortion/miscarriage (21.6%) and ectopic
Diseases of the blood
and blood-forming
organs (D50-D89)

30,616 units
(38.9%)

Infectious Disease
(A00-B99)

11,648 units
(14.8%)

Pre
(O0

8,70
(1

Red Blood Cells

78,660 units

Unspecified
Anemia
(81.0%)

HIV/AIDS
(64.0%)

Po
he

Tuberculosis
(15.1%)

Aborti

Sepsis
(6.5%)

Anemia of
chronic disease

(5.1%)

Iron deficiency /
microcytic anemia

(2.0%)

Ectop
rup

Fig 3. Estimated frequency of specific diagnoses within top 4 most common broad ICD-bas
pregnancy/ruptured ectopic pregnancy (17%).Within the broad gastroin-
testinal category (n= 4796 units), 3 diagnoses accounted for 50.9% of all
units: upper gastrointestinal bleeding (30.5%), gastrointestinal bleeding
(14.9%), and peptic ulcer (5.4%) (Fig 3).

The remaining 30% of units issuedwere associatedwith 15 other ICD
categories, none of which individually accounted for more than 5% of all
units, and 6 of which accounted for less than 1% of all units. Patients in
the 15- to 49-year age range accounted for more than 65% of all RBC
units issued during the study period, with females between 15 and 49
years old accounted for 43% of all RBC units (Table 2).
gnancy
0-O99)
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Gastrointestinal (K20-
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Table 2
RBC use by ICD-10 category, age, and sex, Namibia, August 1, 2007–July 31, 2011

ICD-10 category Male Female Total units

0-14 y 15-49 y 50+ y 0-14 y 15-49 y 50+ y

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) n %

D. Diseases of the blood and blood-forming
organs and certain disorders involving the
immune mechanism (D50-D89)

2.3 (2.1-2.4) 9.2 (8.9-9.4) 4.5 (4.3-4.7) 1.9 (1.7-2.0) 16.3 (15.9-16.7) 4.8 (4.6-5.1) 30 616 38.9

A/B. Infectious disease (A00-B99) 0.6 (0.5-0.6) 4.2 (4.0-4.4) 1.6 (1.4-1.7) 0.5 (0.5-0.6) 6.4 (6.1-6.7) 1.5 (1.3-1.7) 11 648 14.8
O. Pregnancy (O00-O99) n/a n/a n/a 0.3 (0.2-0.4) 9.9 (9.6-10.2) 0.8 (0.5-1.2) 8702 11.1
K. Gastrointestinal (K20-K93) 0.1 (0.0-0.1) 1.8 (1.7-1.9) 1.6 (1.5-1.8) 0.1 (0.0-0.1) 1.2 (1.1-1.4) 1.3 (1.1-1.4) 4796 6.1
All others 1.8 (1.7-1.9) 6.9 (6.6-7.2) 4.8 (4.6-5.1) 1.3 (1.2-1.4) 9.2 (8.9-9.5) 5.1 (4.7-5.6) 22 898 29.1

4.8 (4.6-4.9) 22.1 (21.8-22.4) 12.5 (12.3-12.7) 4.1 (4.0-4.2) 43 (42.7-43.4) 13.5 (13.3-13.7) 78 660 100.0
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Fresh-Frozen Plasma

Over the 48-month study period, 9751 units of FFP were requested
and issued. Nearly one-quarter of these units (2251 units; 23.1%) were
issued for diagnoses in the gastrointestinal (K20-K93) diagnostic cate-
gory, followed by diseases of the blood and blood-forming organs and
certain disorders involving the immune mechanism (D50-D89; 1493
units [15.3%]), pregnancy (O00-O99; 1130 units [11.6%]), and a collec-
tion of surgical subcategories (1099 units [11.3%]; Table 3).

Platelets

Diagnoses in the malignant neoplasms (C00-C97) category
accounted for 38.1% of the 2978 platelet units issued during the
study period. Diseases of the blood and blood-forming organs and
certain disorders involving the immune mechanism (D50-D89),
pregnancy (O00-O99), and infectious disease (A00-B99) accounted
for 29.1%, 8.7%, and 5.7% of issued units, respectively. Male children
aged 0 to 14 years with diagnoses in the malignant neoplasms cate-
gory accounted for the single highest proportion of all platelet units
issued (10.8%; Table 4).

When the above analyses were performed on a nonimputed data set
including only records with complete information for all variables, the
results were similar.

Discussion

To our knowledge, this is the first published report documenting the
results of a multiyear evaluation of national blood component demand
and presumed use in a sub-Saharan African country. Linked to a recent
study showing improvements in the overall availability of blood compo-
nents in Namibia since 2004 [37] and emerging reports from Uganda
and Tanzania documenting current blood use patterns [38,39], these
findings appear to be suggestive of some of the ways blood demand
and use may be changing in sub-Saharan Africa (eg, increased demand
Table 3
FFP use by ICD category, age and sex, Namibia, August 1, 2007–July 31, 2011

ICD category Male

0-14 y 15-49 y 50+ y

% (95% CI) % (95% CI) %

K. Gastrointestinal (K20-K93) 0.4 (0.2-0.6) 7.3 (6.4-8.2) 5.7
D. Diseases of the blood and blood-forming
organs and certain disorders involving
the immune mechanism (D50-D89)

1.1 (0.9-1.4) 4.1 (3.6-4.6) 1.7

O. Pregnancy (O00-O99) n/a n/a n/a
Surgicala 0.3 (0.1-0.5) 3.4 (2.5-4.3) 2.3
All others 3 (2.6-3.4) 12.2 (11.1-13.4) 5.9

4.8 (4.4-5.2) 27 (26.1-27.9) 15.6

a The “Surgical” category includes ICD-09CM codes 01.0-05.9; 08.0-16.99, 28.0-28.99
65.0-71.9, 76.0-84.99, and 86.0-86.99.
for cancer therapies observed in both Namibia and Uganda), and other
ways in which traditional drivers of blood demand remain important.

At 45 years, the overall median age of transfusion recipients in
Namibia is much older than the median age nationally (22 years) [40]
or in the rest of the region (18.4 years) [41]. It is also substantially
older than the median age of transfusion recipients reported by blood
use studies in other African countries, where younger adults and chil-
dren have historically accounted for most transfusions [39,23,42].
Namibia's strong private health care sector, which is relatively unique
in the region,means that a growing number of people have not only ac-
cess to, but the means to pay for, specialist medical services [43]. This
may result in older people receiving more advanced care including
transfusions in Namibia than in neighboring countries. In addition, in
Namibia, current estimates suggest that noncommunicable diseases ac-
count for 38% of overall mortality [44], driven in part by rising cancer in-
cidence (Cancer Association of Namibia, personal communication). The
overall trend toward a higher noncommunicable disease burden, which
has been observed across sub-Saharan Africa [45], may drive patterns of
transfusion use.

The proportion of red blood cell units used for pregnancy-related
indications (11.1%) was lower than reported elsewhere in Africa
[24,42,46] and much lower than might be expected based on recent es-
timates that up to 34% of maternal deaths in Africa [47], and 25% of ma-
ternal deaths in Namibia [48] are related to postpartum hemorrhage.
This reduction may be partly associated with the fact that about 80%
of Namibian women give birth in a health care facility with a trained
health care worker in attendance [49], and that most hospitals
performing deliveries are equipped to provide basic and/or comprehen-
sive emergency obstetric care [50]. These 2 factors have been shown to
contribute to improved maternal survival in developing countries
[51,52]. Up to 86% of pregnant Namibian women report between 1
and 4 routine ANC visits before the onset of labor and delivery [49]—a
factor that sets Namibia apart from many of its neighbors and may be
a contributing factor to reduced blood demand during the peripartum
and postpartum period.
Female Total units

0-14 y 15-49 y 50+ y

(95% CI) % (95% CI) % (95% CI) % (95% CI) n %

(4.6-6.8) 0.3 (0.1-0.4) 5.9 (4.8-7.1) 3.5 (2.9-4.0) 2251 23.1
(1.3-2.1) 0.8 (0.5-1.1) 5.7 (5.1-6.3) 1.8 (1.5-2.2) 1493 15.3

0.4 (0.2-0.6) 10.8 (10.1-11.5) 0.4 (0.2-0.6) 1130 11.6
(1.7-3.0) 0.3 (0.2-0.5) 3.4 (2.7-4.1) 1.5 (1.1-2.0) 1099 11.3
(5.0-6.9) 1.8 (1.4-2.2) 12.4 (11.3-13.5) 3.4 (2.7-4.0) 3778 38.7
(14.9-16.3) 3.6 (3.3-4.0) 38.2 (37.2-39.2) 10.6 (10.0-11.2) 9751 100.0

, 31.0-31.99, 41.1-41.5, 43.0-46.99, 51.0-51.99, 53.0-55.99, 57.0-57.99, 60.0-60.99,



Table 4
Platelet use by ICD category, age and sex, Namibia, August 1, 2007–July 31, 2011

ICD category Male Female Totals

0-14 y 15-49 y 50+ y 0-14 y 15-49 y 50+ y

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) n %

C. Malignant neoplasms (C00-C97) 10.8 (9.6-11.9) 8 (6.9-9.1) 2.9 (2.2-3.6) 6.6 (5.7-7.6) 7.6 (6.4-8.8) 2.2 (1.6-2.8) 1135 38.1
D. Diseases of the blood and blood-forming
organs and certain disorders involving the
immune mechanism (D50-D89)

3.2 (2.4-3.9) 8.8 (7.7-9.8) 2 (1.5-2.6) 3.7 (2.9-4.4) 9.6 (8.4-10.7) 1.9 (1.4-2.5) 868 29.1

O. Pregnancy (O00-O99) n/a n/a n/a 0.3 (0.0-0.6) 8.3 (7.3-9.3) 0.1 (0.0-0.3) 260 8.7
A/B. Infectious disease (A00-B99) 0.6 (0.3-0.9) 1.9 (1.4-2.4) 0.5 (0.2-0.8) 0.7 (0.4-1.0) 1.8 (1.3-2.3) 0.2 (0.0-0.4) 170 5.7
All others 2.8 (2.2-3.4) 4.3 (3.6-5.1) 2.6 (1.9-3.2) 2.1 (1.5-2.6) 4.6 (3.8-5.4) 2 (1.4-2.5) 545 18.3

17.4 (16.0-18.8) 23 (21.5-24.5) 8 (7.0-9.0) 13.4 (12.2-14.7) 31.9 (30.2-33.1) 6.4 (5.6-7.4) 2978 100.0
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Of particular interest to blood services in Africa are the observed
changes in pediatric blood use for malaria and HIV/AIDS indications
and for pregnancy-related diagnoses, since the 1998 NAMBTS survey
of blood use. During the first 10 months of 1998, 896 “blood transfu-
sions” (number and type of component unit not specified) were record-
ed among pediatric patients in Namibian hospitals receiving blood
components from NAMBTS [36]. Of these, 349 transfusions (39%) were
ordered for children with malaria and 45 transfusions (5%) were or-
dered for children with HIV/AIDS diagnoses. Ten years later, those
proportions had both declined substantially. The present study docu-
mented an annual average of 1090 pediatric transfusion events, or in-
stances in which at least 1 unit of any blood component was ordered
for an individual patient under the age of 15 years. Of these events,
which we compared against the count of blood transfusions reported
in 1998, an average of 35 events (3.2%) and 29 events (2.7%) were for
malaria and HIV/AIDS, respectively [36]. This observation correlates
with other epidemiologic data showing dramatic declines in malaria-
related hospitalizations in Namibia [33], as well as substantial reduc-
tions in mother-to-child transmission of HIV over the last decade [53].
Similarly, the 1998 report found 19.2% of blood transfusions (1003
cases) were ordered for obstetrics and gynecology cases. Of these trans-
fusions, 90% were for diagnoses related to pregnancy. This contrasts
with an annual average of 966 transfusion events (14.5% per year)
linked to pregnancy-related diagnoses in the current study. Reductions
in blood use for pediatric andmaternal diagnoses raise important ques-
tions for Namibia (and other African countries) about how changes in
infectious disease epidemiology may challenge historical assumptions
about the drivers of pediatric blood use in the region. Similar reductions
in demand for infectious disease diagnoses, including malaria and HIV/
AIDS, were also observed in a subanalysis of the units requested for in-
fectious disease diagnoses across all age groups (Fig 3). Last, although
the median age of transfusion recipients in Namibia was unexpectedly
high, the fact that 10% of all platelet units were ordered for children
with malignant neoplasms highlights changing diagnostic and clinical
practices and capacity in Namibia.

This study is subject to the following limitations. First, themultiple im-
putation methods used here are open to misclassification errors which
may have skewed the distribution of ages, sex, or diagnoses. Similarly, be-
cause of incomplete and nonstandardized reporting by prescribing clini-
cians (a chronic problem reported elsewhere in Africa [54]), the
imputation model could not include diagnoses that were not captured
during the retrospective data collection process. This may have resulted
in a loss of fidelity on the diversity of diagnoses. Related to this, the pre-
dominance of “unspecified anemia” as the principal diagnosis noted on
the BRF by physicians prescribing RBC may have contributed to an over-
estimation of the importance of diagnoses in the broad diseases of the
blood and blood-forming organs and certain disorders involving the im-
mune mechanism (D50-D89) category—and an underestimate of other
categories in which the underlying causes of the unspecified anemia
would have been captured had the initial diagnosis been more specific
(eg, malaria, HIV/AIDS, and postpartum hemorrhage). Other nonspecific
diagnoses such as pancytopenia or general surgery likely mask other un-
derlyingdiagnoses. Second, because the imputedmodel could not beused
for subanalyses, proportions reported for specific conditions within each
broad ICD-10 category were calculated based on the original sample
data set. This may have introduced some misclassification bias.

Conclusion

This evaluation demonstrates that despite ongoing challenges related
to reporting and data capture, a national, multiyear, portrait of clinical
blood use can be obtained in an African setting. Recognizing that
Namibia's strong economy and infrastructure contributed to the success
of this study, electronic data systems are nonetheless increasingly avail-
able to blood services in Africa [55,56]. Still, this study also illustrates
the limitations of electronic data-collection systems that remain linked
to paper-based clinical ordering forms and the need for regular, standard-
ized data entry. Information collected through these systems can and
shouldbeused to plan for demographic changes in the general population
and to identify emerging trends in transfusion practices. As a tool toman-
age changing transfusion practices, consistent reporting of standardized
data by prescribing clinicians will be essential to identify and validate
emerging drivers of blood demand that deviate from historical assump-
tions. For example, although diagnoses related to childbirth clearly re-
main an important driver of blood use in Namibia, this category was
less important than anticipated when compared with historical data
from other countries. To further reduce variability in reported blood use,
national blood transfusion services in the region should also continue to
invest in standardized appropriate use of blood guidelines, as well as
training for clinicians in their use. As more African countries join
Namibia in the ranks of upper middle-income economies, it would not
be surprising to see shifts in pediatric blood component use away from
historical indications such as malaria and toward noncommunicable
causes such as cancer and gastrointestinal bleeding.

Acknowledgments

This project has been supported by the President's Emergency Plan
for AIDS Relief through the Centers for Disease Control and Prevention.

The authors thank Steve Geutreuter and Anindya De of the Centers
for Disease Control and Prevention Division of Global HIV/AIDS for con-
tributions on the statistical methods.

References

[1] Bennett-Guerrero E, Zhao Y, O'Brien SM, Jr TBF, Peterson ED, Gammie JS, et al. Vari-
ation in use of blood transfusion in coronary artery bypass graft surgery. JAMA 2010;
304:1569–75.

[2] Harrison SW, Griffin RL, Kerby JD, Marques MB, Rue III LW, Weinberg JA. Blood uti-
lization at a level I trauma center: is this as good as it gets? Am Surg 2009;75:693–7
[discussion 697–698].

[3] Teixeira PG, Oncel D, Demetriades D, Inaba K, Shulman I, Green D, et al. Blood trans-
fusions in trauma: six-year analysis of the transfusion practices at a level I trauma
center. Am Surg 2008;74:953–7.

http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0005
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0005
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0005
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0010
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0010
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0010
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0015
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0015
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0015


51J.P. Pitman et al. / Transfusion Medicine Reviews 29 (2015) 45–51
[4] Py JY, Labbe C, Jutant T, Mouchet C, Roubinet F. Evolution of the blood products dis-
tribution in France—detailed analysis in a regional blood transfusion centre. Transfus
Clin Biol 2008;15:259–65.

[5] Lim YA, Lee WG, Cho SR, Hyun BH, Sc D. A study of blood usage by diagnoses in a
Korean university hospital. Vox Sang 2004;86:54–61.

[6] Zimmermann R, Buscher M, Linhardt C, Handtrack D, Zingsem J, Weisbach V, et al. A
survey of blood component use in a German university hospital. Transfusion 1997;
37:1075–83.

[7] Zimmermann R, Handtrack D, Zingsem J, Weisbach V, Neidhardt B, Glaser A, et al. A
survey of blood utilization in children and adolescents in a German university hos-
pital. Transfus Med 1998;8:185–94.

[8] Geissler RG, Franz D, Buddendick H, Krakowitzky P, Bunzemeier H, Roeder N, et al.
Retrospective analysis of the blood component utilization in a university hospital
of maximum medical care. Transfus Med Hemother 2012;39:129–38.

[9] Ahn SW, Shim JK, Youn YN, Song JW, Yang SY, Chung SC, et al. Effect of tranexamic
acid on transfusion requirement in dual antiplatelet-treated anemic patients under-
going off-pump coronary artery bypass graft surgery. Circ J 2012;76:96–101.

[10] Crescenti A, Borghi G, Bignami E, Bertarelli G, Landoni G, Casiraghi GM, et al. Intraop-
erative use of tranexamic acid to reduce transfusion rate in patients undergoing rad-
ical retropubic prostatectomy: double blind, randomised, placebo controlled trial.
BMJ 2011;343:d5701.

[11] Gautam PL, Katyal S, Yamin M, Singh A. Effect of tranexamic acid on blood loss and
transfusion requirement in total knee replacement in the Indian population: a case
series. Indian J Anaesth 2011;55:590–3.

[12] Gurusamy KS, Pissanou T, Pikhart H, Vaughan J, Burroughs AK, Davidson BR.
Methods to decrease blood loss and transfusion requirements for liver transplanta-
tion. Cochrane Database Syst Rev 2011(12):CD009052.

[13] Zhang H, Chen J, Chen F, Que W. The effect of tranexamic acid on blood loss and use
of blood products in total knee arthroplasty: a meta-analysis. Knee Surg Sports
Traumatol Arthrosc 2012;20:1742–52.

[14] Marik PE, Corwin HL. Efficacy of red blood cell transfusion in the critically ill: a sys-
tematic review of the literature. Crit Care Med 2008;36:2667–74.

[15] Cheng DR, Bajraszewski C, Verma KP, Wolff AM. How appropriately is blood ordered
in a rural hospital? Transfus Apher Sci 2013;48:79–82.

[16] Ayoub MM, Clark JA. Reduction of fresh frozen plasma use with a simple education
program. Am Surg 1989;55:563–5.

[17] Gallagher-SwannM, Ingleby B, Cole C, Barr A. Improving transfusion practice: ongo-
ing education and audit at two tertiary speciality hospitals in Western Australia.
Transfus Med 2011;21:51–6.

[18] Rana R, Afessa B, Keegan MT, Whalen Jr FX, Nuttall GA, Evenson LK, et al. Evidence-
based red cell transfusion in the critically ill: quality improvement using computer-
ized physician order entry. Crit Care Med 2006;34:1892–7.

[19] Marti-Carvajal AJ, Munoz-Navarro SR, Pena-Marti GE, Comunian G. An audit of ap-
propriate use of blood products in adult patients in a Venezuelan general university
hospital. Int J Qual Health Care 1999;11:391–5.

[20] Pahuja S, Sethi N, Singh S, Sharma S, Jain M, Kushwaha S. Concurrent audit of
fresh frozen plasma: experience of a tertiary care hospital. Hematology 2012;
17:306–10.

[21] Niraj G, Puri GD, Arun D, Chakravarty V, Aveek J, Chari P. Assessment of intraopera-
tive blood transfusion practice during elective non-cardiac surgery in an Indian ter-
tiary care hospital. Br J Anaesth 2003;91:586–9.

[22] Goncalez TT, Sabino EC, Capuani L, Liu J, Wright DJ, Walsh JH, et al. Blood transfusion
utilization and recipient survival at Hospital das Clinicas in Sao Paulo, Brazil. Trans-
fusion 2012;52:729–38.

[23] Lackritz EM, Ruebush TK, Zucker JR, Adungosi JE, Were JB, Campbell CC. Blood trans-
fusion practices and blood-banking services in a Kenyan hospital. AIDS 1993;7:
995–9.

[24] Arewa OP. One year clinical audit of the use of blood and blood components at a ter-
tiary hospital in Nigeria. Niger J Clin Pract 2009;12:429–33.

[25] de-Graft Aikins A, Unwin N, Agyemang C, Allotey P, Campbell C, Arhinful D.
Tackling Africa's chronic disease burden: from the local to the global. Glob
Health 2010;6:5–11.

[26] Ministry of Health and Social Services. Ministry of Health and Social Services Strate-
gic Plan: 2009-2013; 2009[http://www.mhss.gov.na/documents/reports/strategic%
20plan%20NEW.pdf (Accessed: 19 December 2013)].

[27] UNAIDS. Epidemiological Fact Sheet on HIV and AIDS, 2009 (Namibia); 2009[http://
158.232.15.29/CFS/downloadpdf.htm?country_id=AFRNAM&lng_code=
en&pdfoption=epi (Accessed: September 10 2013)].

[28] AReviewof Poverty and Inequality inNamibia.Windhoek,Namibia:Government of the
Republic of Namibia National Planning Commission, Central Bureau of Statistics; 2008.

[29] United Nations Development Programme. International Human Development Indi-
cators. http://hdr.undp.org/en/statistics/. [Accessed: 1 December 2013].

[30] World Health Organization. WHO Country Cooperation Strategy: Namibia; 2010
[http://www.who.int/countryfocus/cooperation_strategy/ccsnamibia2010_2015.
pdf?ua=1 (Accessed: 12 May 2014)].
[31] World Health Organization. Health financing system analytical summary: Namibia;
2010[http://www.aho.afro.who.int/profiles_information/index.php/Namibia:Ana-
lytical_summary_-_Health_financing_system (Accessed: 27 September 2013)].

[32] Government of Namibia, World Health Organization, UNAIDS. Namibia Health Re-
source Tracking: 2007/08 & 2008/09; 2010[http://www.healthsystems2020.org/
content/resource/detail/2810/ (Accessed: August 6, 2013].

[33] World Health Organization. World Malaria Report. Geneva, Switzerland: World
Health Organization; 2012.

[34] Pitman J, Wilkinson R, Basavaraju S, Finckenstein BV, Sibinga CS, Marfin A, et al. In-
vestments in blood safety improve the availability of blood to underserved areas in a
sub-Saharan African Country. ISBT Sci Ser 2014. http://dx.doi.org/10.1111/voxs.
12107.

[35] He Y. Missing data analysis using multiple imputation: getting to the heart of the
matter. Circ Cardiovasc Qual Outcomes 2010;3:98–105.

[36] Seidel K. Blood usage in Namibian hospitals: baseline studies for rationalisation.
Windhoek, Namibia: The Blood Transfusion Service of Namibia; 1998.

[37] Pitman JP,Wilkinson R, Basavaraju SV, von Finckenstein B, Smit Sibinga C,Marfin AA,
et al. Investments in blood safety improve the availability of blood to underserved
areas in a sub-Saharan African country. ISBT Science Series 2014;9:325–33. http://
dx.doi.org/10.1111/voxs.12107.

[38] Drammeh B, De A, Pathak S, Bock N, Kutaga R, Haule D, et al. Effect of malaria on
blood demand in transfusion hospitals, Tanzania. In: AABB, editor. AABB Annual
Meeting. Philadelphia, PA: AABB; 2014. p. 198A.

[39] Butler E, Hume H, Birungi I, Ainomugisha B, Namazzi R, Dhungu H, et al. Blood uti-
lization at a national referral hospital in sub-Saharan Africa. In: AABB, editor. AABB
Annual Meeting. Philadelphia, PA: AABB; 2014. p. 199A.

[40] Population Projections. Windhoek, Namibia: Central Bureau of Statistics, Govern-
ment of the Republic of Namibia; 2006.

[41] United Nations. World Population Projections, the 2012 Revision. Volume II: Demo-
graphic Profiles; 2013[http://esa.un.org/unpd/wpp/Documentation/pdf/WPP2010_
Volume-II_Demographic-Profiles.pdf (Accessed: 1 July 2014 2014)].

[42] Bugge HF, Karlsen NC, Oydna E, Rake MM, Wexels N, Bendabenda J, et al. A study of
blood transfusion services at a district hospital in Malawi. Vox Sang 2013;104:
37–45.

[43] Gustafsson-Wright E, Janssens W, van der Gaag J. The inequitable impact of health
shocks on the uninsured in Namibia. Health Policy Plan 2011;26:142–56.

[44] World Health Organization. Noncommunicable Diseases Country Profiles 2011;
2011[http://whqlibdoc.who.int/publications/2011/9789241502283_eng.pdf?ua=1
(Accessed: 3 July 2014)].

[45] Baingana FK, Bos ER. Changing patterns of disease and mortality in sub-Saharan
Africa: an overview. In: Jamison DT, Feachem RG, Makgoba MW, Bos ER, Baingana
FK, Hofman KJ, Rogo KO, editors. Disease andmortality in sub-Saharan Africa. Wash-
ington DC: The International Bank for Reconstruction and Development/The World
Bank; 2006.

[46] Emeribe AO, Ejele AO, Attai EE, Usanga EA. Blood donation and patterns of use in
southeastern Nigeria. Transfusion 1993;33:330–2.

[47] Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF. WHO analysis of causes of
maternal death: a systematic review. Lancet 2006;367:1066–74.

[48] WHO. Maternal and child health in Namibia; 2009[http://www.who.int/maternal_
child_adolescent/documents/namibia_MNCH_2nd_edition.pdf?ua=1 (Accessed: 3
July 2014)].

[49] Namibia Demographic and Health Survey 2006-07. Windhoek, Namibia and
Calverton, Maryland, USA: Ministry of Health and Social Services (MoHSS)
[Namibia] and Macro International Inc.; 2008.

[50] MacroMI. Namibia Health Facility Census 2009; 2010[http://dhsprogram.com/pubs/
pdf/SPA16/SPA16.pdf (Accessed: 1 July 2014)].

[51 Fournier P, Dumont A, Tourigny C, Dunkley G, Drame S. Improved access to compre-
hensive emergency obstetric care and its effect on institutional maternal mortality in
rural Mali. Bull World Health Organ 2009;87:30–8.

[52] Paxton A, Maine D, Freedman L, Fry D, Lobis S. The evidence for emergency obstetric
care. Int J Gynaecol Obstet 2005;88:181–93.

[53] Ministry of Health and Social Services. Republic of Namibia UNGASS Report; 2012
[http://www.unaids.org/en/dataanalysis/knowyourresponse/
countryprogressreports/2012countries/ce_NA_Narrative_Report[1].pdf (Accessed:
17 March 2014)].

[54] Nutt L, Zemlin AE, Erasmus RT. Incomplete laboratory request forms: the extent and
impact on critical results at a tertiary hospital in South Africa. Ann Clin Biochem
2008;45:463–6.

[55] Munk C, Nyopa M, Poka D, Ntelo M, De Coning D, Bales C, et al. Lesotho blood trans-
fusion service: transition from paper base to a blood establishment computerized
system. In: ISBT, editor. 24th Regional Congress of the International Society for
Blood Transfusion. Kuala Lumpur, Malaysia: ISBT; 2013. p. 43.

[56] Gasana M, Lumumba P. Centralized network management in blood transfusion ser-
vice: case of Rwanda. 24th Regional Congress of the International Society for Blood
Transfusion. Kuala Lumpur, Malaysia; 2013.

http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0020
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0020
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0020
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0025
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0025
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0030
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0030
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0030
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0035
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0035
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0035
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0040
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0040
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0040
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0045
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0045
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0045
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0050
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0050
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0050
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0050
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0055
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0055
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0055
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0060
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0060
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0060
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0065
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0065
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0065
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0070
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0070
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0075
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0075
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0080
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0080
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0085
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0085
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0085
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0090
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0090
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0090
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0095
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0095
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0095
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0185
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0185
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0185
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0100
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0100
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0100
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0105
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0105
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0105
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0110
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0110
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0110
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0115
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0115
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0190
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0190
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0190
http://www.mhss.gov.na/documents/reports/strategic%20plan%20NEW.pdf
http://www.mhss.gov.na/documents/reports/strategic%20plan%20NEW.pdf
http://158.232.15.29/CFS/downloadpdf.htm?country_id=AFRNAM&lng_code=en&pdfoption=epi
http://158.232.15.29/CFS/downloadpdf.htm?country_id=AFRNAM&lng_code=en&pdfoption=epi
http://158.232.15.29/CFS/downloadpdf.htm?country_id=AFRNAM&lng_code=en&pdfoption=epi
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0205
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0205
http://hdr.undp.org/en/statistics/
http://www.who.int/countryfocus/cooperation_strategy/ccsnamibia2010_2015.pdf?ua=1
http://www.who.int/countryfocus/cooperation_strategy/ccsnamibia2010_2015.pdf?ua=1
http://www.aho.afro.who.int/profiles_information/index.php/Namibia:Analytical_summary_-_Health_financing_system
http://www.aho.afro.who.int/profiles_information/index.php/Namibia:Analytical_summary_-_Health_financing_system
http://www.healthsystems2020.org/content/resource/detail/2810/
http://www.healthsystems2020.org/content/resource/detail/2810/
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0120
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0120
http://dx.doi.org/10.1111/voxs.12107
http://dx.doi.org/10.1111/voxs.12107
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0125
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0125
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0130
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0130
http://dx.doi.org/10.1111/voxs.12107
http://dx.doi.org/10.1111/voxs.12107
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0235
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0235
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0235
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0240
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0240
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0240
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0245
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0245
http://esa.un.org/unpd/wpp/Documentation/pdf/WPP2010_Volume-II_Demographic-Profiles.pdf
http://esa.un.org/unpd/wpp/Documentation/pdf/WPP2010_Volume-II_Demographic-Profiles.pdf
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0145
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0145
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0145
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0150
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0150
http://whqlibdoc.who.int/publications/2011/9789241502283_eng.pdf?ua=1
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0155
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0155
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0155
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0155
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0155
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0160
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0160
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0165
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0165
http://www.who.int/maternal_child_adolescent/documents/namibia_MNCH_2nd_edition.pdf?ua=1
http://www.who.int/maternal_child_adolescent/documents/namibia_MNCH_2nd_edition.pdf?ua=1
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0265
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0265
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0265
http://dhsprogram.com/pubs/pdf/SPA16/SPA16.pdf
http://dhsprogram.com/pubs/pdf/SPA16/SPA16.pdf
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0170
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0170
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0170
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0175
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0175
http://www.unaids.org%2Fen%2Fdataanalysis%2Fknowyourresponse%2Fcountryprogressreports%2F2012countries%2Fce%5FNA%5FNarrative%5FReport%5B1%5D.pdf
http://www.unaids.org%2Fen%2Fdataanalysis%2Fknowyourresponse%2Fcountryprogressreports%2F2012countries%2Fce%5FNA%5FNarrative%5FReport%5B1%5D.pdf
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0180
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0180
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0180
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0280
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0280
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0280
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0280
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0285
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0285
http://refhub.elsevier.com/S0887-7963(14)00094-7/rf0285

	Blood Component Use in a Sub-�Saharan African Country: Results of a 4-�Year Evaluation of Diagnoses Associated With Transfu...
	Materials and Methods
	Results
	Red Blood Cells
	Fresh-Frozen Plasma
	Platelets

	Discussion
	Conclusion
	Acknowledgments
	References


