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ABSTRACT
Background The use of low titer group O whole blood 
(LTOWB) for resuscitation of patients with traumatic 
hemorrhage is becoming increasingly common. Practices 
regarding the administration of RhD- positive LTOWB 
to childbearing age females (CBAFs) vary between 
institutions due to concerns about RhD alloimmunization. 
This study examined practices related to LTOWB 
transfusion as they pertain to age and sex.
Methods This was a secondary analysis of the Shock, 
Whole blood, and Assessment of TBI (traumatic brain 
injury) trial, a prospective, multicenter observational 
cohort study where outcomes following LTOWB 
transfusion were analyzed at seven level 1 trauma 
centers between 2018 and 2021, as well as a survey 
on transfusion practices at these centers conducted in 
2023. The proportion of patients who received LTOWB 
or components was examined over the course of the 
study and grouped by age and sex, and the RhD group of 
injured CBAFs was documented.
Results A total of 1046 patients were evaluated: 130 
females aged <50 years (CBAFs), 77 females aged ≥50 
years; 661 males aged <50 years, and 178 males aged 
≥50 years. Among them, 26.2% of CBAFs received 
RhD- positive LTOWB, whereas 57.1%–66.3% of other 
sex/age groups received LTOWB. The proportion of CBAFs 
who received LTOWB increased significantly throughout 
the 4 years of this study. Except for older women in years 
2 and 4, CBAFs were significantly less likely to receive 
LTOWB than all other groups for the study period and 
individual years. Among the 33 CBAFs who received 
LTOWB and for whom an RhD type was available, 4/33 
(12.1%) were RhD- negative, while 9/95 (9.5%) CBAFs 
who received component therapy were RhD- negative. 
RhD blood product selection practices varied considerably 
between institutions.
Conclusions Many institutions transfused LTOWB to 
CBAFs. Policies regarding RhD product selection varied. 
Of the total cohort, the proportion of RhD- negative 
CBAFs who received LTOWB increased over time but 
remained lower than all other groups.
Level of evidence 3.

INTRODUCTION
With increasing data supporting the safety, practi-
cality, and benefits of transfusing low titer group 
O whole blood (LTOWB), its use has expanded 

beyond the military setting and has become more 
commonplace in civilian trauma centers.1–3 The 
civilian adoption of LTOWB required some adap-
tation to differences in blood supply and regulatory 
framework compared with the military setting. As 
only about 15% of North American blood donors 
are RhD- negative4 and about 7% are group O 
RhD- negative,5 most LTOWB is RhD- positive. As 
with red blood cells (RBCs), the relative scarcity 
of RhD- negative LTOWB means that not every 
trauma patient with significant hemorrhage whose 
RhD type is unknown at the time they require a 
transfusion can receive RhD- negative LTOWB 
units. Prioritization for administering the scarce 
RhD- negative LTOWB or RBCs at an institution 
or population level often considers the sex and age 
of the patient. This is primarily due to the concern 
for D- alloimmunization and the small potential 
risk of hemolytic disease of the fetus and newborn 
(HDFN) in future pregnancies in D- alloimmunized 
RhD- negative childbearing age females (CBAFs).1 
Observational data show reduced mortality among 
the recipients of LTOWB compared with conven-
tional components (COMP) transfusion, particu-
larly for trauma patients with severe hemorrhage or 
increased prehospital probability of death.6–9 Given 
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the survival improvement associated with LTOWB transfusion, 
policies regarding its use for injured CBAFs are an important 
health equity issue. A massively bleeding RhD- negative or RhD- 
type unknown CBAF should never be denied LTOWB or RBCs, 
even if only RhD- positive products are available. Part of the 
difficulty in making data- driven decisions regarding the risks 
and benefits of LTOWB in CBAFs is that they constitute a small 
proportion of the overall trauma population and have often 
been excluded from many studies on LTOWB, particularly when 
only RhD- positive LTOWB is available.10 11 This has resulted 
in limited data on practice patterns and clinical outcomes of 
CBAFs. The Shock, Whole blood, and Assessment of TBI (trau-
matic brain injury) (SWAT) study was a prospective, multicenter 
observational cohort study performed at seven level 1 trauma 
centers participating in the Linking Investigations in Trauma and 
Emergency Services (LITES) clinical trials network. This study 
evaluated outcomes in trauma patients who were resuscitated 
using LTOWB compared with conventional components. In this 
secondary analysis of the SWAT study database, we examined 
the evolution of trauma center practices during the enrollment 
period of the SWAT study as they pertain to age, sex, and the 
RhD selection of blood products for use in the initial resuscita-
tion of injured patients.

MATERIALS AND METHODS
In conjunction with the LITES Network SWAT study group, we 
sought to examine the hospital policies for selecting the RhD 
types of RBC- containing blood products issued to hemorrhaging 
trauma patients during their initial resuscitation. Complete 
methods regarding inclusion and exclusion criteria for the SWAT 
study have been reported previously.6 Responses for the seven 
SWAT- participating sites were extracted from a national survey 
on the RhD- selection practices of blood units that are issued in 
emergencies.12 The survey was encoded in SurveyMonkey and 
the link to the survey was electronically sent to the transfusion 
and/or trauma medical directors of the seven hospitals that 
participated in the SWAT study in the spring and summer of 
2023. When necessary, individual hospitals were contacted to 
clarify ambiguous responses. Notably, patients <15 years of age 
were excluded from the SWAT database but policies on pediatric 
transfusions were included in the survey.

Patient data from the prospectively collected SWAT database 
were examined to determine the institutional practices related 
to selecting the RhD type of the blood products used in trauma 
resuscitation, as well as the patients’ sexes and ages. Patients who 
received a blood product during their resuscitation were identi-
fied and characterized by receiving either LTOWB or COMP, sex 
(male or female), and age (<50 or ≥50 years of age). The age and 
sex groups compared were females aged <50 years (also referred 
to as CBAFs), females aged ≥50 years, males aged <50 years 
and males aged ≥50 years. The proportion of patients receiving 
LTOWB over time was compared across the sex by age groups 
with a repeated measures, generalized linear mixed model. Post 
hoc group by year comparisons were performed using a Bonfer-
roni correction to account for multiple tests (alpha 0.05 divided 
by 24 tests=p<0.0021). The age threshold of 50 was chosen as 
it is the most frequent age used to define the upper limit of child-
bearing age for females both in prior studies as well as by survey 
of the seven participating trauma centers in this study. The RhD 
status of the women aged <50 years in the SWAT study and 
the nature of the blood products used in their resuscitation (ie, 
LTOWB or COMP) were collected.

RESULTS
Provider survey
All seven SWAT- participating sites were university affiliated 
teaching hospitals that were designated as adult level 1 facilities; 
3/7 (43%) were designated as pediatric level 1 facilities and a 
fourth hospital (ie, 1/7, 14%) was designated as a pediatric level 
2 hospital. Six of the seven respondents (86%) came from facil-
ities with >500 beds, and the remaining respondent was from a 
facility with 100–499 beds. The minimum age at which patients 
were considered to be adults at these centers is shown in table 1 
and the age at which women were considered to be beyond child-
bearing potential for the purposes of providing RhD- positive 
blood products to RhD- negative or RhD- type unknown women 
is shown in table 1.

In terms of the first blood product(s) administered to 
massively bleeding patients, 3/7 (43%) of the respondents issued 
LTOWB, while 3/7 (43%) issued both LTOWB and RBCs as part 
of COMP therapy. One facility (1/7, 14%) had not yet imple-
mented a LTOWB program and issued RBCs only as part of 
COMP therapy as their first products in a resuscitation.

One facility that issued both LTOWB and RBCs as the first 
product in a resuscitation had the same RhD- selection policy for 
both products; this facility preferentially issued RhD- negative 
products for women and girls, but RhD- positive products can be 
issued depending on the RhD- negative product inventory and/
or if the bleeding is predicted to be extensive and ongoing. This 
facility issued only RhD- positive products for men and boys.

For the three facilities that either only issued RBCs in massive 
bleeding or if both RBCs and LTOWB were issued and the 
RhD- selection policy for these products was different than for 
LTOWB, the hospital policies for RhD selection for RBCs are 
shown in figure 1A. Note that one of the facilities did not treat 
pediatric patients so there were only two responding facilities 
in this category that provided their RhD- selection policy for 
pediatric patients. For the six facilities that either only issued 
LTOWB in massive bleeding or if both RBCs and LTOWB were 

Table 1 (A) The minimum age at which patients are considered to 
be adults for selecting the RhD type of blood products (the ages at the 
two facilities where the threshold is <16 years were 14 and 15 years); 
(B) the age at which women are considered to be beyond childbearing 
potential for the purposes of providing RhD- positive blood products 
to RhD- negative women (the age at the facility where the threshold is 
<50 years was 45 years)

A. At what age is a patient considered to be an adult for 
RhD selection at your institute?

Number of 
respondents (% 
of respondents)

  <16 years 2 (28.6)

  16 years 1 (14.3)

  18 years 2 (28.6)

  Not defined because RhD- positive
  products issued for all patients and all sexes

1 (14.3)

  Did not specify an age because RhD-
  negative products exclusively provided

1 (14.3)

B. What is the upper age limit for a woman to be 
considered of childbearing potential at your institute?

Number of 
respondents (% 
of respondents)

  <50 years 1 (14.3)

  50 years 4 (57.1)

  55 years 1 (14.3)

  Not defined because RhD- positive products issued
  for all patients and all sexes

1 (14.3)
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issued and the RhD- selection policy was different, the hospital 
policies for RhD selection for LTOWB are shown in figure 1B.

When asked about the policies for providing additional 
blood products to RhD- negative CBAFs who received 
RhD- positive blood products during resuscitation, the 
majority of centers (3/7, 43%) would keep issuing RhD- 
positive products during the acute resuscitation and then 
switch to RhD- negative products once the patient was more 

hemodynamically stable and not requiring a massive trans-
fusion, while 2/7 (29%) would switch to RhD- negative 
products for the duration of the acute resuscitation and 
hospital stay. One facility (1/7, 14%) would continue issuing 
RhD- positive blood products for the rest of the admission, 
and another facility (1/7, 14%) indicated that this situa-
tion would not likely happen as their policy was to issue 
only RhD- negative products; at this center, if RhD- positive 

Figure 1 (A) RhD- selection policies among the three SWAT centers that either only issue RBCs in massive bleeding or if both RBCs and LTOWB 
are issued and the RhD- selection policy is different for these two products. One facility does not treat pediatric patients, hence the total number of 
responses for pediatric patients is two. (B) RhD- selection policies among the six facilities that either only issue LTOWB in massive bleeding or if both 
RBCs and LTOWB are issued and the RhD- selection policy is different for these two products. LTOWB, low titer group O whole blood; RBC, red blood 
cell; SWAT, Shock, Whole blood, and Assessment of TBI (traumatic brain injury).
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blood products were issued the transfusion physician would 
be consulted for D- alloimmunization prevention advice.

The follow- up policies at these seven facilities for RhD- 
negative CBAFs who received RhD- positive blood products 
during their resuscitation are shown in figure 2. At most 
centers (5/7, 71%), a member of the clinical team or the 
transfusion service counseled the patient or their family 
and at 2/7 (29%) centers no further treatment was admin-
istered, while at 2/7 (29%) other centers, Rh immunoglob-
ulin (RhIg) was administered if only one RhD- positive unit 
was transfused. One of the two ‘other’ responses indicated 
that it was the clinician’s responsibility to determine if RhIg 
was needed and the second ‘other’ response indicated that 
this situation was unlikely to happen at the facility as their 
policy is to use RhD- negative products.

Patient data
There were a total of 1046 patients enrolled in the SWAT study, 
of which 621/1046 (59.4%) received LTOWB (figure 3). There 
were 130 CBAFs enrolled in the study, of which 34/130 (26.2%) 
received LTOWB. The RhD group was available on 128/130 
(98.0%) CBAF patients; overall, 13/128 (10.2%) were RhD- 
negative (figure 3). From the beginning to the end of the study, all 
groups were significantly more likely to receive LTOWB except 
for men aged <50 years who were significantly less likely to 
receive LTOWB over time (figure 4, table 2). Notably, the abso-
lute number of patients receiving LTOWB over the 3 complete 
years of the study increased, indicating increased availability 
and/or comfort with the use of LTOWB overall. Proportions of 
age/sex groups receiving LTOWB over the study period were 
evaluated to better elucidate relative differences in transfusion 
practices for these groups. With the exception of females aged 
≥50 years at years 2 and 4, where the proportional difference 
did not reach statistical significance, females aged <50 years 

were significantly less likely (p< 0.0021) to receive LTOWB 
compared with all other groups (table 2).

DISCUSSION
In the survey component of this study, we found that CBAFs 
were included in many but not all programs where LTOWB is 
used in the resuscitation of trauma patients, with varying policies 
regarding the RhD type of the provided blood products. We also 
found that rate of transfusing LTOWB to CBAFs has increased 
over time, but the percentage of CBAFs who received LTOWB 
remained lower than all other age/sex categories for every year 
of the study. While we do not know the RhD type of the COMP 
or LTOWB units that were transfused, we found that a minority 
of CBAFs who received both LTOWB and COMP were RhD- 
negative and that the proportion of transfused RhD- negative 
CBAFs was lower than the average for North America (10.2% vs 
15% respectively).

CBAFs represent a small proportion of the trauma popula-
tion, and they were not included in the intervention arm of early 
studies of LTOWB in trauma due to concerns about D- alloimmu-
nization with possible subsequent HDFN.10 13 As we have shown, 
they remain excluded from some LTOWB programs leading to 
low representation in retrospective studies.14 15 A recent retro-
spective review of TQIP data showed similar proportions (22% 
vs 23%) of females received either LTOWB or COMP, but the 
ages of the females in the study were not reported.8 In this study, 
we found that the percentage of females aged ≥50 years who 
received LTOWB was higher than CBAFs at all time points exam-
ined (although this difference only reached significance in years 
1 and 3), so it is unclear if CBAFs are represented proportionally 
in studies examining LTOWB use that group all females together. 
This makes studying clinical outcomes in CBAFs difficult as 
meaningful statistical analysis is limited with small numbers. For 
example, part of the original plan for this secondary analysis 

Figure 2 The follow- up policies at the seven SWAT facilities for RhD- negative women of childbearing age who receive RhD- positive blood products 
during their resuscitation. The total number of replies exceeds seven because multiple answers were permitted. See text for description of the ‘other’ 
responses. RhIg, Rh immunoglobulin; SWAT, Shock, Whole blood, and Assessment of TBI (traumatic brain injury).
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Figure 3 Age and sex of the LTWOB recipients in the SWAT study. Details of the nature of the transfused blood products and the RhD groups of the 
CBAFs in this study are also provided. Note that the RhD group was available on 128/130 (98.0%) of the CBAF patients. Patients aged <15 years of 
age were excluded from inclusion in the SWAT database. CBAF, childbearing age female; COMP, conventional components; LTOWB, low titer group O 
whole blood; SWAT, Shock, Whole blood, and Assessment of TBI (traumatic brain injury).

 

Figure 4 Percentage of patients aged >15 years of age who received LTOWB over the study period. Year 1: April 2018 to May 2019, year 2: April 
2019 to May 2020, year 3: April 2020 to May 2021, year 4: May 2021 to September 2021. All groups were significantly more likely to receive LTOWB 
over time except for men aged <50 years who were significantly less likely to receive LTOWB over time. With the exception of females aged ≥50 
years at years 2 and 4, where the proportional difference did not reach statistical significance, females aged <50 years were significantly less likely 
to receive LTOWB than all other groups in every year of the study. Enrollment began in May 2018 and ended in September 2021. Year 4 includes 5 
months of enrollment from May 2021 to September 2021. Given the seasonal nature of trauma, transfusion practices over 5 months of summer may 
not be directly comparable to a full year. Black asterisk denotes females aged <50 years significantly lower proportion compared with all groups, grey 
asterisk denotes females aged <50 years significantly lower proportion compared with all males. LTOWB, low titer group O whole blood.
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was to study outcomes for CBAFs specifically but despite the 
size of this dataset from seven large trauma centers, our analyses 
were underpowered for interpretation. In the trauma popula-
tion at large, LTOWB is safe10 16 17 with no significant increase 
in hemolysis or transfusion reactions.11 18 19 It also has been asso-
ciated with decreased mortality,7 13 15 20 21 especially in patients 
with increased prehospital risk of mortality.6 Although there is 
strong evidence for sex dimorphisms in coagulation and general 
trauma outcomes,22–27 there is no direct evidence that LTOWB 
is associated with less benefit for females, nor is there evidence 
that balanced resuscitation with COMP benefits females less 
than males.28 29

Much of the concern about LTOWB transfusions in CBAFs 
and the reason for their exclusion from LTOWB programs is 
the risk of D- alloimmunization and the risk of HDFN in future 
pregnancies with a blood source that is predominantly RhD- 
positive. As demonstrated here and previously,30 there is prac-
tice variation across institutions regarding transfusion strategies. 

Many centers differentiate between sexes in pediatric as well 
as adult patients. In injured RhD- negative females, the risk of 
having a future pregnancy affected by HDFN after receiving a 
RhD- positive product is higher at younger ages, with a risk of 
approximately 6.5% at 18 years and decreasing to nearly 0% by 
43 years.31 There are myriad steps that need to occur for an RhD- 
negative CBAF who receives an RhD- positive LTOWB or RBC 
unit during their trauma resuscitation to have a future pregnancy 
that is affected by HDFN.5 32–35 While it is generally assumed 
that 15% of the general North American population will be 
RhD- negative,4 this study found a lower rate (10.2%) of RhD- 
negative transfused CBAFs, thereby indicating that fewer CBAFs 
than expected were at risk of potential D- alloimmunization 
and future HDFN in this study. However, if only RhD- positive 
blood products are available, they should be used; several recent 
surveys have shown that a majority of females would accept an 
emergent transfusion if it increased their probability survival 
even by a very small amount, despite the potential for some 

Table 2 Blood product groups by age and sex 

All Female aged <50 years Female aged ≥50 years Male aged <50 years Male aged ≥50 years

Blood product 
transfused

N N (%n) N N (%n) N N (%n) N N (%n) N N (%n)

All 1046 130 77 661 178

  Whole and 
components

621 (59.4) 34 (26.2) 44 (57.1) 425 (64.3) 118 (66.3)

  Components 
only

425 (40.6) 96 (73.8) 33 (42.9) 236 (35.7) 60 (33.7)

Year 1 182 16 19 115 32

  Whole and 
components

112 (61.5) 0 (0.0) 10 (52.6) 85 (73.9) 17 (53.1)

  Components 
only

70 (38.5) 16 (100) 9 (47.4) 30 (26.1) 15 (46.9)

  P (vs female 
aged <50 years)

0.0006* <0.0001 0.0003

Year 2 327 53 31 199 44

  Whole and 
components

178 (54.4) 15 (28.3) 14 (45.2) 122 (61.3) 27 (61.4)

  Components 
only

149 (45.6) 38 (71.7) 17 (54.8) 77 (38.7) 17 (38.6)

  P (vs female 
aged <50 years)

0.1168 <0.0001 0.0011

Year 3 355 37 15 233 70

  Whole and 
components

219 (61.7) 13 (35.1) 11 (73.3) 147 (63.1) 48 (68.6)

  Components 
only

136 (38.3) 24 (64.9) 4 (26.7) 86 (36.9) 22 (31.4)

  P (vs female 
aged <50 years)

0.0002 <0.0001 <0.0001

Year 4† 182 24 12 114 32

  Whole and 
components

112 (61.5) 6 (25.0) 9 (75.0) 71 (62.3) 26 (81.3)

  Components 
only

70 (38.5) 18 (75.0) 3 (25.0) 43 (37.7) 6 (18.8)

  P (vs female 
aged <50 years)

0.0041 0.0008 <0.0001

Year 1: April 2018 to May 2019, year 2: April 2019 to May 2020, year 3: April 2020 to May 2021, year 4: May 2021 to September 2021. With the exception of females aged ≥50 
years at years 2 and 4, where the proportional difference did not reach statistical significance, females aged <50 years were significantly less likely to receive LTOWB than all 
other groups in every year of the study. Given the seasonal nature of trauma, transfusion practices over 5 months of summer may not be directly comparable to a full year.
*Chi- square probability values in bold are significant after a Bonferroni correction (alpha 0.05 divided by 24 tests =p < 0.0021; group comparisons excluding feamles < 50 are 
not listed)
†May 2021 to September 2021, inclusive
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degree of risk to a potential future fetus.36–39 There is increasing 
evidence showing a mortality benefit from LTOWB transfusion 
in trauma1 6 7 as well as increasing data for safety of RhD- positive 
transfusion in CBAFs.4 18–20 30–33 36 40–42 A recent model of injured 
CBAFs found that a >0.1% relative reduction in mortality from 
receipt of RhD- positive LTOWB compared with RhD- negative 
COMP during their resuscitation offset the life years of poten-
tial future fetuses lost due to anti- D- mediated HDFN mortality 
and severe neurological injury.40If one is persuaded that LTOWB 
is the superior blood product for resuscitating trauma patients 
and recognizes that CBAFs have consistently expressed that they 
prioritize survival over potential future adverse events, it is no 
longer logical or equitable to deny CBAFs a mortality reducing 
therapy due to the small risk to a potential future fetus that is a 
non- issue in 85%–90% of CBAFs.

There are several limitations of this study. Surveys were 
completed after the study period so it is possible that practices 
had changed after the study period, and questions about changes 
in practice over time were not included. The RhD types of the 
transfused LTOWB and component units were not collected, 
which precluded a direct comparison of RhD- positive exposure 
between the CBAFs who received RBCs and those who received 
LTOWB. However, 5/6 centers with LTOWB use only RhD- 
positive units for massively bleeding CBAFs regardless of their 
RhD type and since LTOWB is intended to be the first product 
transfused to bleeding patients, it is reasonable to conclude that 
the resuscitation of the CBAFs at 5/6 centers that use LTOWB 
began with RhD- positive LTOWB. Additionally, RhIg use was 
not recorded and as such we were not able to examine practice 
patterns for this therapy. Notably, it has been recently demon-
strated that the use of RhIg to prevent D- alloimmunization 
across the USA is highly variable.43 Despite containing a large 
amount of clinical data, the number of CBAFs in the SWAT 
database was too small to examine outcomes following LTOWB 
transfusion relative to COMP in CBAFs compared with other 
age and sex groups. We also did not have access to follow- up 
data on the RhD- negative CBAFs who received RhD- positive 
blood products to determine their D- alloimmunization rate or 
their fertility rates. The fourth ‘year’ of the SWAT study only 
included 5 months which, given the seasonal nature of trauma 
presentations in most centers, makes it difficult to compare with 
the preceding three full years. Although the participating sites in 
the SWAT study spanned the USA, all had relatively advanced 
trauma systems and may not be representative of other centers 
nationwide particularly in regard to application of emerging 
data for which these sites are generally early adopters, further 
limiting generalizability. As data on safety of RhD- positive trans-
fusion in CBAFs have increased over the past 5 years and full 
implementation generally takes longer than the timeline of this 
study,44 it is possible these practices would change over time in all 
centers without further intervention. However, when it comes to 
equitable care for our patients, education and advocacy are vital 
to speed the process of matching data with practice.

CONCLUSION
While the RhD- type selection of blood products for use in trauma 
policies varied considerably, we found that the use of LTOWB 
for injured CBAFs has significantly increased but this popula-
tion of injured patients remains less likely to receive LTOWB 
than other age/sex groups despite better understanding of low 
risk and increasing evidence for benefit. In addition to provider 
education on the low risk of HDFN, continuous prospective 
and retrospective evaluation of outcomes in all age and sex 

demographics is vital to elucidate small differences in risk/bene-
fits balance and provide high- quality and equitable patient care.
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