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Impact of ABO-Identical vs ABO-Compatible
Nonidentical Plasma Transfusion in Trauma Patients
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Hypothesis: Exposure to ABO-compatible nonidenti-
cal plasma will result in worse outcomes than transfu-
sion with ABO-identical plasma only.

Design: Retrospective study.
Setting: Level I trauma center.

Patients: All patients requiring plasma (from 2000-
2008) were identified. Propensity scores were used to
match patients exposed to ABO-compatible plasma with
those receiving exclusively ABO-identical plasma.

Main Outcome Measures: Mortality and complica-
tions (acute respiratory distress syndrome [ARDS]), sep-
sis, renal failure, and liver failure).

Results: A total of 284 patients who received ABO-
compatible nonidentical plasma were matched 1:1 with
patients who received ABO-identical plasma only (230
group O, 39 A, and 15 B). ABO-compatible plasma did
not affect mortality (35.2% vs 33.5%, P=.60). However,
the overall complication rate was significantly higher for

patients receiving ABO-compatible plasma (53.5% vs
40.5%, P=.002). The ARDS and sepsis rates were also sig-
nificantly increased (19.4% vs 9.2%, P=.001, and 38.0%
vs 28.9%, P=.02, respectively). As the volume of ABO-
compatible plasma infused increased, a stepwise in-
crease in complications was seen, reaching 70.0% for pa-
tients receiving more than 6 U. Patients receiving more
than 6 U also had a 4-fold increase in ARDS. All recipi-
ent blood groups had an increase in overall complica-
tions, ARDS, and sepsis with exposure. This was signifi-
cant for group O recipients with a higher risk of overall
complications and ARDS (50.9% vs 40.0%, P=.03, and
17.4% vs 7.8%, P<<.001, respectively).

Conclusions: Exposure to ABO-compatible plasma re-
sults in an increase in overall complications, in particu-
lar ARDS and sepsis. There is a stepwise increase in the
complication rate as exposure increases. Further pro-
spective evaluation of the impact of limiting factor re-
placement to ABO-identical plasma only is warranted.
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GGRESSIVE BLOOD COMPO-
nent therapy, centered
around early plasma and
red blood cell use, has be-
come a mainstay in acute
resuscitation of critically ill trauma pa-
tients who have sustained blood loss.'” Ag-
gressive plasma transfusion in particular,
driven by an increasing evidence base de-
rived both from military®® and civilian®'®
series, has become widely practiced. These
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studies demonstrate that, in patients who
require a massive transfusion, plasma trans-
fusion in ratios approaching 1:1 is associ-
ated with an improvement in survival.*®
As a direct consequence of this find-
ing, plasma is being used earlier in the re-
suscitation sequence and in higher vol-

umes. Ideally, plasma is dispensed as a
group-specific product to be transfused
along identical ABO lines. Thus, a pa-
tient with blood group A would receive A
donor plasma, a group B patient would re-
ceive B donor plasma, group O patients
would receive O plasma, and, although
relatively rare, group AB patients would
receive AB plasma. However, transfusion
of plasma that is compatible but not ABO-
identical is an approved practice. In com-
patible nonidentical plasma transfusion,
group O patients could receive group A,
B, or AB plasma. Group A and B patients
in turn could receive AB donor plasma.
Few studies have examined the im-
pact of compatible nonidentical plasma
transfusion. In platelet transfusion,' the
administration of compatible nonidenti-
cal platelets to patients undergoing coro-
nary artery bypass grafting or valve re-
placement was associated with an increase
in mortality and complications.*® For
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plasma, the Scandinavian Donations and Transfusions da-
tabase—derived retrospective cohort analysis*' demon-
strated that exposure to greater than 5 U of compatible
nonidentical plasma in a mixed medical-surgical pa-
tient base resulted in a significant increase in mortality
(relative risk, 1.15; 95% confidence interval, 1.02-
1.95).

No data examining the impact of compatible non-
identical plasma transfusion in the injured patient popu-
lation are available to date. With the aggressive replace-
ment strategies being used for plasma in trauma
resuscitation today, a clear understanding of the impact
of plasma transfusion across nonidentical ABO lines is
critical to optimizing transfusion safety. The purpose of
this study, therefore, was to examine the extent of com-
patible nonidentical transfusion occurring in trauma pa-
tients and to assess the impact of this exposure on out-
comes. Our hypothesis was that the transfusion of
compatible nonidentical plasma would result in worse
outcomes than the transfusion of exclusively ABO-
identical plasma.

DR METHODS

STUDY DESIGN AND PATIENTS

After institutional review board approval, a review of the in-
stitutional trauma registry and Blood Bank Database at the Los
Angeles County + University of Southern California Medical
Center, a level I trauma center, was performed. All trauma pa-
tients who received plasma between January 1, 2000, and De-
cember 31, 2008, were identified. We excluded patients who
(1) had blood group AB (because exposure to compatible non-
identical plasma is not possible) and (2) received ABO-
incompatible plasma. Patient variables abstracted included age,
sex, blood group, mechanism, admission vital signs, Glasgow
Coma Scale score, Injury Severity Score, Abbreviated Injury Scale
score, type and volumes of blood products, duration of inten-
sive care unit stay, duration of hospital stay, complications (acute
respiratory distress syndrome [ARDS], sepsis, acute renal fail-
ure, and liver failure), and mortality. Continuous variables were
dichotomized by using clinically relevant cutoff points: age (=55
vs <55 years), systolic blood pressure at admission (<90 vs
=90 mm Hg), Glasgow Coma Scale score (=8 vs >8), Injury
Severity Score (=25 vs <25), and Abbreviated Injury Scale score
(=3 vs <3).

DEFINITIONS

We defined ARDS as (1) ratio of arterial oxygen pressure to frac-
tion of inspired oxygen of 200 or less, (2) chest radiograph dem-
onstrating bilateral infiltrates, and (3) no evidence of cardiac
failure on pulmonary artery catheterization (pulmonary ar-
tery occlusion pressure =18 mm Hg) or by echocardiography
or clinical examination. Sepsis was defined as the presence of
infection plus at least 2 of the following: (1) heart rate greater
than 90/min, (2) respiratory rate greater than 20/min, (3) tem-
perature less than 36°C or greater than 38°C, and (4) white blood
cell count less than 4000/pL or greater than 12 000/pL (to con-
vert to cells X10° per liter, multiply by 0.001), or more than
10% immature neutrophils (to convert to a proportion of 1, mul-
tiply by 0.01). Acute renal failure was defined as (1) serum cre-
atinine level 3-fold higher than the normal limit, or (2) glo-
merular filtration rate decrease greater than 75%, or (3) serum
creatinine level of 4 mg/dL or more (to convert to micromoles

per liter, multiply by 88.4) with an acute increase greater than
0.5 mg/dL, or (4) urinary output less than 0.3 mL/kg/h for 24
hours, or anuria for 12 hours. Liver failure was defined as (1)
total bilirubin level greater than 3 mg/dL (to convert to micro-
moles per liter, multiply by 17.1) or (2) aspartate aminotrans-
ferase or alanine aminotransferase level 2-fold higher than the
normal limits. The term overall complications was defined as
the presence of any of the 4 complications described in this
paragraph.

STATISTICAL ANALYSIS

Patients were divided into 2 cohorts: those who received at least
1 U of ABO-compatible nonidentical plasma and those who re-
ceived only ABO-identical plasma. These 2 cohorts were com-
pared for differences in clinical characteristics and transfusion
requirements by univariate analysis. Fisher exact tests or x* tests
were used to compare proportions, and unpaired ¢ or Mann-
Whitney tests were performed to compare means.

Because the number of confounders was large in compari-
son with the number of events, patients receiving ABO-
compatible nonidentical plasma were matched in a 1:1 ratio by
means of propensity scores to patients who received ABO-
identical plasma.*? Included in the propensity score model were
all variables that differed significantly (at the P<<.05 level) be-
tween the 2 cohorts (blood group, Injury Severity Score, chest
and abdomen Abbreviated Injury Scale score, total volume of
packed red blood cells, plasma, platelets, cryoprecipitate, and
factor VIIareceived at 6 and 12 hours and during the total hos-
pital stay).

Propensity scores (predicting the probability of receiving
ABO-compatible nonidentical plasma) were calculated by bi-
nary logistic regression. Each patient receiving ABO-
compatible nonidentical plasma was matched to a patient who
received ABO-identical plasma within a 0.03 caliper of pro-
pensity without replacement. The caliper was equal to one-
quarter of a standard deviation of the logit of the propensity
(caliper was 0.10/4=0.03).?*> Patients who received ABO-
compatible nonidentical plasma for whom no suitable match
could be found were excluded.

The 2 groups were compared for differences in clinical char-
acteristics and transfusion requirements. McNemar x? test was
used to compare proportions and paired t test to compare means.

Outcomes (mortality, length of stay, and complications) be-
tween matched cohorts were compared by McNemar x* test for
proportions and Wilcoxon test for matched sample for means.
Data were analyzed by means of SPSS for Windows, version 12.0
(SPSS Inc, Chicago, Illinois).

B xesuits [

During the 9-year study period, 6094 (14.3%) of the
42 684 trauma patients admitted to the Los Angeles
County + University of Southern California Medical Cen-
ter received a blood transfusion. Of these, 2788 (45.7%)
received a plasma transfusion. After exclusion of 97 pa-
tients (3.5%) who had blood group AB and 1 patient
(0.04%) who received ABO-incompatible plasma, data
from 2690 patients were available for analysis. Of those,
338 (12.6%) received at least 1 U of ABO-compatible non-
identical plasma and 2352 (87.4%) received only ABO-
identical plasma. After propensity score matching, 284
matched pairs were available for analysis.

From 2000 to 2008, while the total number of in-
jured patients remained constant, the overall usage of
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Figure 1. Increase in both ABO-identical and ABO-compatible nonidentical plasma utilization throughout the study period. Pvalues were determined by post hoc

analysis of variance. *P<.001. tP=.001.

plasma increased. There was a 200% increase in use of
ABO-compatible nonidentical plasma (mean [SE], from
0.2 [0.4] to 0.6 [0.8], P<.001) and a 57% increase in
the use of ABO-identical plasma (from 6.8 [3.2] to 10.7
[5.9], P<.001) (Figure 1).

The average (SD) age of the matched patients receiv-
ing plasma was 34.0 (17.5) years, and 80.8% were male.
Of the 284 matched pairs, 230 had blood group O, 39
blood group A, and 15 blood group B. At admission, 16.3%
of the patients were hypotensive (systolic blood pres-
sure <90 mm Hg), 36.2% had a Glasgow Coma Scale score
of 8 or less, and 80.6% had an Injury Severity Score of
16 or more. The demographic and clinical characteris-
tics before and after matching are summarized in Tahble 1.

Matched patients received a mean (SD) of 6.3 (8.7)
U of packed red blood cells in the first 6 hours, 7.6 (9.7)
U in the first 12 hours, and 14.8 (15.9) U during their
total hospital stay. The mean number of units of apher-
esis platelets, cryoprecipitate, and factor VIla trans-
fused during their hospital stay was 1.2 (2.1), 4.1 (9.1),
and 0.9 (3.1) U, respectively. Patients who received ABO-
compatible nonidentical plasma had a mean of 2.8 (4.2)
U of plasma transfused in the first 6 hours, 4.5 (5.2) U
in the first 12 hours, and 13.5 (19.9) U during their total
hospital stay. Patients who received ABO-identical plasma
had a mean of 3.1 (4.1) U of plasma transfused in the
first 6 hours, 4.7 (5.1) U in the first 12 hours, and 11.9
(12.8) U during their total hospital stay (Table 2).

When outcomes were compared between matched pa-
tients who received ABO-compatible nonidentical plasma
and ABO-identical plasma, there was no difference with
regard to mortality (35.2% for the ABO-compatible non-
identical group vs 33.5% for ABO-identical, P=.66). How-
ever, patients who received ABO-compatible nonidenti-
cal plasma had a significantly higher rate of overall
complications than those who received ABO-identical

plasma (53.5% vs 40.5%, P=.002). Patients who re-
ceived ABO-compatible nonidentical plasma also had a
significantly higher incidence of ARDS (19.4% vs 9.2%,
P=.001) and sepsis (38.0% vs 28.9%, P=.02) (Table 3).
There was a trend toward longer intensive care unit stay
and hospital stay in patients who received ABO-
compatible nonidentical plasma (15.6 [20.5] vs 12.7
[15.7] days, P=.07, and 24.2 [32.3] vs 20.0 [24.9] days,
P=.09, respectively) (Table 3).

When the volume of ABO-compatible nonidentical
plasma transfused was analyzed, there was a stepwise in-
crease in complications with increasing transfusion, with
a complication rate of 70.0% for patients receiving in ex-
cess of 6 U (Figure 2). Compared with patients who re-
ceived only ABO-identical plasma, the risk of ARDS was
3-fold higher for patients receiving 4 to 6 U of ABO-
compatible nonidentical plasma and 4-fold higher if
patients received in excess of 6 U. The risk of sepsis also
increased with increasing amounts of ABO-compatible non-
identical plasma, although statistical significance was not
achieved. No dose-dependent difference in the complica-
tion rate was seen with ABO-identical plasma transfusion.

When analyzed by recipient blood group, there was
an increase in the rates of overall complications
(Figure 3), ARDS, and sepsis throughout all blood groups
with the transfusion of ABO-compatible nonidentical
plasma. This increase was significant for blood group O
patients, who had a 2-fold higher risk of overall compli-
cations and a 3-fold higher risk of ARDS (50.9% vs 40.0%,
P=.03,and 17.4% vs 7.8%, P<.001, respectively). When
rates were compared between recipient blood groups, no
significant differences were found for overall complica-
tions (61.5% for A vs 73.3% for B vs 50.9% for O, P value
for trend=.11), ARDS (25.6% for A vs 33.3% for B vs
15.7% for O, P value for trend=.12), or sepsis (38.5% for
A vs 66.7% for B vs 35.7% for O, P value for trend=.06).
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Table 1. Demographic and Clinical Data of Patient Groups Receiving ABO-Compatible Nonidentical and ABO-Identical Plasma
Unmatched Matched"
ABO-C ABO-I ABO-C ABO-I I
(n = 338) (n = 2352) P Value? (n = 284) (n = 284) P Value?

Age, y

Mean (SD) 36.0 (18.3) 37 1 (18.6) 34 33.9 (17.6) 34.2 (17.4) 57

Median (range) 31 (1-91) 33 (1-98) 30 (1-91) 30 (1-92)

=55, No. (%) 56 (16.6) 400 (17.0) 84 40 (14.1) 36 (12.7) 71
Male sex, No. (%) 273 (80.8) 1934 (82.2) 51 229 (80.6) 229 (80.6) >.99
Blood group, No. (%)¢

A 39 (11.5) 813 (34.6) <.001 39 (13.7) 39 (13.7) >.99

B 15 (4.4) 323 (13.7) 15 (5.3) 15 (5.3)

0 284 (84.0) 1216 (51.7) 230 (81.0) 230 (81.0)
Blunt trauma, No. (%) 212 (62.7) 1505 (64.0) 70 175 (61.6) 185 (65.1) 38
Intubated on admission, No. (%) 69 (20.4) 430 (18.3) .36 63 (22.2) 63 (22.2) >.99
SBP on admission

Mean (SD), mm Hg 120.6 (38.2) 121.2 (38.8) .80 120.3 (39.3) 121.3 (39.7) 77

Median (range), mm Hg 125 (0-280) 126 (0-284) 124 (0-280) 128 (0-211)

<90 mm Hg, No. (%) 52 (15.4) 319 (13.6) 23 42 (14.8) 48 (16.9) 73
GCS score on admission <8, No. (%) 109 (32.2) 700 (29.8) 31 102 (35.9) 102 (35.9) 93
ISS

Mean (SD) 26.0 (14.5) 22.8 (13.4) <.001 26.1 (14.7) 27.3 (14.4) 31

Median (range) 25 (1-75) 22 (1-75) 25 (1-75) 26 (1-75)

=16, No. (%) 267 (79.0) 1656 (70.4) <.001 227 (79.9) 230 (81.0) 75
AIS score =3, No. (%)

Head 120 (35.5) 915 (38.9) 27 112 (39.4) 125 (44.0) 27

Chest 161 (47.6) 888 (37.8) <.001 142 (50.0) 145 (51.1) .80

Abdomen 149 (44.1) 813 (34.6) <.001 116 (40.8) 119 (41.9) 80

Extremity 104 (30.8) 663 (28.2) 28 84 (29.6) 83 (29.2) .95

Abbreviations: ABO-C, ABO-compatible; ABO-I, ABO-identical; AIS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; SBP,

systolic blood pressure.

a Pvalues that are significantly different (P < .05) are shown in boldface. For the unmatched cohorts, the P values for categorical variables were derived from x?
or Fisher exact tests; P values for continuous variables were derived from unpaired f or Mann-Whitney tests. For the matched cohorts, the P values for categorical
variables were derived from the McNemar x? test; P values for continuous variables were derived from the paired ¢ test.

bPpatients were matched for the variables that were significantly different (in boldface) and for the volume of packed red blood cells, plasma, platelets,

cryoprecipitate, and factor Vlla transfused.
¢Because of rounding, percentages may not total 100.

When group O recipients of ABO-compatible non-
identical plasma were analyzed according to the type of
plasma received, there was no significant difference in
overall complications (47.3% for A vs 57.6% for Bvs 45.7%
for AB, P value for trend=.34), ARDS (14.0% for A vs
19.7% for B vs 14.3% for AB, P value for trend=.38), or
sepsis (33.3% for A vs 42.4% for B vs 31.4% for AB, P
value for trend=.39).

B COMMENT ey

Plasma transfusion has become an integral part of the early
resuscitative strategy in critically injured patients. Al-
though not universally accepted®**° and awaiting pro-
spective validation, data from both the military®® and ci-
vilian®® settings, including a multicenter study published
by Holcomb et al,'® demonstrate that aggressive replace-
ment of plasma in ratios approaching 1:1 is associated
with an improvement in survival in patients requiring mas-
sive transfusions.

As a direct consequence of this aggressive resuscita-
tion strategy, our time-dependent survey of plasma us-
age demonstrated an increase in the total volume of plasma
being transfused despite the patient load receiving this
plasma remaining constant during the study period. The

increase was most marked between 2004 and 2005,
around the time of publication of several reports outlin-
ing the importance of aggressive plasma transfusion. This
increase was driven primarily by an increase in the trans-
fusion of identical rather than compatible nonidentical
plasma. However, although small relative to the volume
of identical plasma transfused, there was a steadily in-
creasing exposure of injured patients to compatible non-
identical plasma during the entire study period.

Patients who were exposed to compatible nonidenti-
cal plasma tended to be more severely injured, with a
higher chest and abdominal Abbreviated Injury Scale
score. As might be expected, these patients also re-
quired more blood products. To mitigate these differ-
ences, propensity scoring was used to allow a direct com-
parison between similar groups differing only in their
exposure to compatible nonidentical plasma.

The exact mechanism responsible for the detrimen-
tal effect of compatible nonidentical plasma is not known.
Plasma contains soluble blood group antigens and may
contain residual fragments of red blood cell stroma.?”
Combined with antibodies in the recipient, circulating
immune complexes result,”® and these may in turn drive
the negative immunomodulatory effects seen. In the study
by Shanwell et al,*! group O recipients who had a higher
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Table 2. Transfusion Requirements of Patient Groups in Unmatched and Matched Populations
Units Received
I Unmatched Matched I
ABO-C ABO-I ! I ABO-C ABO-I I
(n = 338) (n = 2352) P Value? (n = 284) (n = 284) P Value?
Packed Red Blood Cells
0-6h
Mean (SD) 6.7 (9.6) 4.6 (7.0) <.001 5.9 (8.4) 6.7 (9.0) 28
Median (range) 3 (0-71) 2 (0-82) 2 (0-45) 4 (0-45)
0-12h
Mean (SD) 8.2 (10.9) 5.4 (7.7) <.001 7.2 (9.3) 7.9 (10.0) .39
Median (range) 4 (0-72) 3(0-102) 4 (0-46) 4 (0-53)
Total
Mean (SD) 17.9 (20.1) 10.0 (10.3) <.001 15.4 (18.0) 14.5 (14.5) 53
Median (range) 12 (0-113) 7 (0-102) 10 (0-109) 10 (0-93)
Plasma
0-6h
Mean (SD) 3.4 (5.8) 2.0 (3.1) <.001 2.8(4.2) 3.1 (4.1) .33
Median (range) 2 (0-46) 0 (0-34) 1 (0-26) 2 (0-30)
0-12h
Mean (SD) 5.1 (7.0) 3.0 (3.9) <.001 45 (5.2) 47(5.1) 50
Median (range) 3 (0-50) 2 (0-46) 2 (0-38) 4 (0-32)
Total
Mean (SD) 16.5 (22.1) 6.7 (7.6) <.001 13.5 (19.9) 11.9 (12.8) 25
Median (range) 10 (1-232) 4 (1-86) 8 (1-232) 7 (1-86)
Platelets
Mean (SD) 1.5 (2.6) 0.7 (1.2) <.001 1.3 (2.5) 1.1 (1.6) 36
Median (range) 0 (0-23) 0 (0-10) 0 (0-23) 0(0-7)
Cryoprecipitate
Mean (SD) 5.3 (10.3) 2.0 (5.8) <.001 4.6 (9.4) 3.9 (9.1) 44
Median (range) 0 (0-80) 0 (0-60) 0 (0-50) 0 (0-60)
Factor Vlla
Mean (SD) 1.1 (3.6) 0.3(1.9) <.001 0.7 (3.0) 0.9 (3.0) 56
Median (range) 0 (0-29) 0 (0-26) 0 (0-29) 0 (0-23)

Abbreviations: ABO-C, ABO-compatible; ABO-I, ABO-identical.

2P values that are significantly different (P < .05) are shown in boldface. For the unmatched cohorts, the P values were derived from unpaired ¢ or
Mann-Whitney tests. For the matched cohorts, the Pvalues were derived from the paired £ test.

titer and avidity of anti-A and anti-B antibodies had an
increased relative risk of dying if exposed to compatible
nonidentical plasma when compared with other blood
group recipients. In fact, when analyzed by recipient blood
group, only the group O patients demonstrated a signifi-
cant mortality difference. Likewise, in our subgroup analy-
sis, although the A and B recipient groups were under-
powered to demonstrate significance, when analyzed by
recipient blood group, the increase in complications was
significant only in group O recipients. Furthermore, when
the Scandinavian group compared group O patients re-
ceiving AB donor plasma vs either A or B donor plasma
with a smaller soluble antigen burden, they again found
that the mortality impact resulted from AB donor plasma
exposure only. This finding provides at least indirect evi-
dence supporting the immune complex-mediated mecha-
nism; however, no further mechanistic data are avail-
able at this time. In our analysis, no difference in the
outcomes according to donor blood group could be de-
tected.

Our study was designed to analyze the impact of com-
patible nonidentical plasma exposure in injured pa-
tients. Although no mortality effect could be extracted,

exposure to compatible nonidentical plasma resulted in
a significant dose-dependent increase in overall compli-
cations, in particular ARDS. The overall complication rate
reached 70% in patients who received more than 6 U of
compatible plasma, 3-fold greater than in those who did
not; the ARDS rate was more than 4-fold higher than in
those who did not. This rate difference was seen across
all recipient blood groups but reached significance only
in group O recipients.

This study was limited by its retrospective design. The
complications used in our analysis were captured in real
time by a team of experienced nurses. Despite this, there
is the possibility that errors occurred in both the iden-
tification of complications and their entry into the data-
base. It is expected, however, that this would have af-
fected both groups equally. One of the primary
complications under study was ARDS. Although stan-
dard diagnostic criteria for ARDS were used, transfusion-
related acute lung injury can have a similar presenta-
tion. Because a definitive temporal relationship between
blood product transfusion and the development of com-
plications could not be made, the definitive diagnosis of
transfusion-related acute lung injury was not possible.
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Table 3. Outcomes Between Matched Populations?
Total ABO-C ABO-I
(N = 568) (n = 284) (n = 284) OR (95% CI) PValue®
Mortality, No. (%) 195 (34.3) 100 (35.2) 95 (33.5) 1(0.8-1.7) 66
Overall complications, No. (%) 267 (47.0) 152 (53.5) 115 (40.5) 1 7 (1.2-2.4) .002
ARDS, No. (%) 81 (14.3) 55 (19.4) 26 (9.2) 2 4 (15-3.9) .001
Sepsis, No. (%) 190 (33.5) 108 (38.0) 82 (28.9) 5(1.1-2.2) .02
ARF, No. (%) 59 (10.4) 31(10.9) 28 (9.9) 1(0.7-1.9) 78
Liver failure, No. (%) 130 (22.9) 72 (25.4) 58 (20.4) 1 3 (0.9-2.0) 19
Mean Difference (95% Cl)

ICU days

Mean (SD) 14.1 (18.3) 15.6 (20.5) 12.7 (15.7) 2.9 (0.3-6.2) .07

Median (range) 7 (1-126) 8 (1-117) 7 (1-126)
Hospital days

Mean (SD) 22.1(28.8) 24.2 (32.3) 20.0 (24.9) 4.2 (0.6-8.9) .09

Median (range) 13 (1-216) 13 (1-216) 13 (1-180)

Abbreviations: ABO-C, ABO-compatible; ABO-I, ABO-identical; ARDS, acute respiratory distress syndrome; ARF, acute renal failure; Cl, confidence interval; ICU,

intensive care unit; OR, odds ratio.

aThe odds ratios, mean differences, and P values were obtained after matching for demographics, clinical variables, and blood transfusion requirements.
b pvalues that are significantly different (P < .05) are shown in boldface. The P values for categorical variables were derived from McNemar 2 test; Pvalues

for continuous variables were derived from Wilcoxon matched-pair test.

Figure 2. Overall complication rates stratified by number of units of
ABO-compatible nonidentical plasma received. OR indicates odds ratio. The
95% confidence intervals are given in parentheses. Pvalues that are
significantly different (P<.05) are shown in boldface.

As has been demonstrated in our previous analy-
ses,'* using the trauma registry for abstracting blood
component transfusion data is highly inaccurate. In par-
ticular, concise volume determination is highly prob-
lematic. Consequently, to mitigate these errors, transfu-
sion data were abstracted exclusively from the records
maintained by the blood bank because dispensing and
utilization data are regulated by the US Food and Drug
Administration using tightly controlled criteria.

What was not available for analysis was the total crys-
talloid load received by the patients during their initial
resuscitation. Crystalloids affect neutrophil activation,
and,***! although this was minimized in both the ABO-
compatible and ABO-identical plasma groups, it is pos-
sible that a difference in the volume of crystalloids re-
ceived by each group may have altered our results,
especially the ARDS rates.
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= 807 o 26(1.1-64 e
801 ' OR, 1.8 (1.1-3.7) ' « A

P=.045 o — OR, 1.6 (1.1-2.3)
2 "OR, 1.6 (1.2-2.3) ' & 60 ,P=__03|
& 60 P=.006 S
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« S 40
5 =
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£ 40 =)
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e 3
$ 201
g ABO-I ABO-C ABO-I ABO-C ABO-I ABO-C

(n=39)  (n=39)  (n=15)  (n=15)  (n=230) (n=230)
A Recipient B Recipient 0 Recipient
ABO-Identical 1-3 4-6 >7
Plasma (n=284) (n=238) (n=36) (n=10)
A P— Figure 3. Overall complication rates between patients who received
ABO-Compatible Nonidentical Plasma Transfused, U ) . . X :
P ABO-identical (ABO-1) and ABO-compatible nonidentical (ABO-C) plasma
stratified by recipient blood group. OR indicates odds ratio. The 95%

confidence intervals are given in parentheses. P values that are significantly
different (P<.05) are shown in boldface.

The exactreasons why patients received compatible non-
identical plasma could not be extracted from the data set,
and as a direct consequence it is possible that a confound-
ing factor was not corrected for in the analysis. Theoreti-
cally, patients bleeding faster may have required noniden-
tical plasma. At our facility, however, with the availability
of prethawed plasma, thisisless likely. Furthermore, within
the limits of this study design, after propensity scoring and
using blood product utilization as a surrogate marker for
blood loss, the comparison groups were well matched for
injury demographics as well as blood product transfusion.

This institution maintains an inventory of thawed
plasma. Ten units of group O and 8 U of both A and B
are kept thawed at all times. Although turnover is rapid
and the functional differences between this thawed plasma
and fresh frozen plasma are likely to be minor, during
the study period a combination of thawed plasma and
fresh frozen plasma was used. It is possible that differ-
ences in the relative amounts of each of these products
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could have affected the results. In addition, there may
be a difference in male and female donor plasma and its
effect on the recipient.’***> Donor sex was not available
and could not be analyzed; however, most of our plasma
inventory is obtained from male donors.

Finally, during the study period, apheresis platelets
were used exclusively. Each apheresis unit contains a sig-
nificant amount of plasma. Platelet transfusion across ABO
lines may have occurred during the study period, dilut-
ing the magnitude of the effect seen.

The safety of our blood supply has undergone tremen-
dous changes over time. Although major transfusion re-
actions are now relatively rare,**** our understanding of the
more subtle effects of transfusion on outcomes other than
mortality is increasing. Clearly, for most patients receiv-
ing plasma, this product is lifesaving and has allowed for
decreased allogeneic transfusion requirements. However,
if outcomes can be improved by the transfusion of identi-
cal rather than compatible nonidentical plasma, techni-
cally this should drive a change in practice. Logistically,
inventory management for fresh frozen plasma is rela-
tively straightforward and the transfusion of identical plasma
should in most cases be possible. Even for centers manag-
ing a liquid inventory of plasma, with the exception of mas-
sive transfusion cases, identical plasma transfusion is an
achievable goal.

In summary, exposure to plasma that is compatible
but nonidentical results in an increase in overall com-
plications, in particular ARDS and sepsis. We found a step-
wise increase in the complication rate as the extent of
exposure increased, reaching 70% for patients who
received in excess of 6 U. The mechanism behind this
detrimental effect is unknown. Further prospective evalu-
ation of the impact of limiting factor replacement to ABO-
identical plasma is warranted.

Accepted for Publication: April 27, 2010.
Correspondence: Kenji Inaba, MD, FRCSC, Division of
Trauma and Surgical Critical Care, University of South-
ern California, 1200 N State St, Room CL5100, Los An-
geles, CA 90033-4525 (kinaba@surgery.usc.edu).
Author Contributions: Study concept and design: Inaba,
Branco, Rhee, Shulman, and Demetriades. Acquisition of data:
Shulman. Analysis and interpretation of data: Inaba, Branco,
Rhee, Holcomb, Blackbourne, Shulman, Nelson, and De-
metriades. Drafting of the manuscript: Inaba and Branco.
Critical revision of the manuscript for important intellectual
content: Branco, Rhee, Holcomb, Blackbourne, Shulman,
Nelson, and Demetriades. Statistical analysis: Branco. Ad-
ministrative, technical, and material support: Nelson. Study
supervision: Inaba, Rhee, and Blackbourne.

Financial Disclosure: None reported.

Previous Presentation: This paper was presented at the
81st Annual Meeting of the Pacific Coast Surgical Asso-
ciation; February 15, 2010; Kapalua, Hawaii; and is pub-
lished after peer review and revision.

0 EEEEEEE

1. Holcomb JB. Damage control resuscitation. J Trauma. 2007;62(6)(suppl):S36-
S37.
2. Hess JR, Holcomb JB, Hoyt DB. Damage control resuscitation: the need for spe-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

cific blood products to treat the coagulopathy of trauma. Transfusion. 2006;
46(5):685-686.

. Holcomb JB, Jenkins D, Rhee P, et al. Damage control resuscitation: directly ad-

dressing the early coagulopathy of trauma. J Trauma. 2007;62(2):307-310.

. Malone DL, Dunne J, Tracy JK, Putnam AT, Scalea TM, Napolitano LM. Blood

transfusion, independent of shock severity, is associated with worse outcome
in trauma. J Trauma. 2003;54(5):898-907.

. Ketchum L, Hess JR, Hiippala S. Indications for early fresh frozen plasma, cryo-

precipitate, and platelet transfusion in trauma. J Trauma. 2006;60(6)(suppl):S51-
S58.

. Borgman MA, Spinella PC, Perkins JG, et al. The ratio of blood products trans-

fused affects mortality in patients receiving massive transfusions at a combat
support hospital. J Trauma. 2007;63(4):805-813.

. Spinella PC, Perkins JG, Grathwohl KW, et al. Effect of plasma and red blood cell

transfusions on survival in patients with combat related traumatic injuries. J Trauma.
2008;64(2)(suppl):S69-S78.

. Niles SE, McLaughlin DF, Perkins JG, et al. Increased mortality associated with

the early coagulopathy of trauma in combat casualties. J Trauma. 2008;64
(6):1459-1465.

. Duchesne JC, Hunt JP, Wahl G, et al. Review of current blood transfusions strate-

giesinamature level | trauma center: were we wrong for the last 60 years? J Trauma.
2008;65(2):272-278.

Holcomb JB, Wade CE, Michalek JE, et al. Increased plasma and platelet to red
blood cell ratios improves outcome in 466 massively transfused civilian trauma
patients. Ann Surg. 2008;248(3):447-458.

Sperry JL, Ochoa JB, Gunn SR, et al; Inflammation and the Host Response to
Injury Investigators. An FFP:PRBC transfusion ratio =1:1.5 is associated with a
lower risk of mortality after massive transfusion. J Trauma. 2008;65(5):986-
993.

Teixeira PG, Inaba K, Shulman 1, et al. Impact of plasma transfusion in mas-
sively transfused trauma patients. J Trauma. 2009;66(3):693-697.

Zink KA, Sambasivan CN, Holcomb JB, Chisholm G, Schreiber MA. A high ratio
of plasma and platelets to packed red blood cells in the first 6 hours of massive
transfusion improves outcomes in a large multicenter study. Am J Surg. 2009;
197(5):565-570.

Maegele M, Lefering R, Paffrath T, Tjardes T, Simanski C, Bouillon B; Working
Group on Polytrauma of the German Society of Trauma Surgery (DGU).
Red-blood-cell to plasma ratios transfused during massive transfusion are as-
sociated with mortality in severe multiple injury: a retrospective analysis from
the Trauma Registry of the Deutsche Gesellschaft fir Unfallchirurgie. Vox Sang.
2008;95(2):112-119.

Cotton BA, Gunter OL, Isbell J, et al. Damage control hematology: the impact of a
trauma exsanguination protocol on survival and blood product utilization. J Trauma.
2008;64(5):1177-1183.

Gonzalez EA, Moore FA, Holcomb JB, et al. Fresh frozen plasma should be given
earlier to patients requiring massive transfusion. J Trauma. 2007;62(1):112-
119.

Moore FA, Nelson T, McKinley BA, et al; StO, Study Group. Is there a role for
aggressive use of fresh frozen plasma in massive transfusion of civilian trauma
patients? Am J Surg. 2008;196(6):948-960.

Cinat ME, Wallace WG, Nastanski F, et al. Improved survival following massive
transfusion in patients who have undergone trauma. Arch Surg. 1999;134(9):
964-970.

Fung MK, Downes KA, Shulman IA. Transfusion of platelets containing ABO-
incompatible plasma: a survey of 3156 North American laboratories. Arch Pathol
Lab Med. 2007;131(6):909-916.

Blumberg N, Heal JM, Hicks GL Jr, Risher WH. Association of ABO-mismatched
platelet transfusions with morbidity and mortality in cardiac surgery. Transfusion.
2001;41(6):790-793.

Shanwell A, Andersson TM, Rostgaard K, et al. Post-transfusion mortality among
recipients of ABO-compatible but non-identical plasma. Vox Sang. 2009;96
(4):316-323.

Rubin DB, Thomas N. Matching using estimated propensity scores: relating theory
to practice. Biometrics. 1996;52(1):249-264.

D’Agostino RB Jr. Propensity score methods for bias reduction in the compari-
son of a treatment to a non-randomized control group. Stat Med. 1998;17(19):
2265-2281.

Snyder CW, Weinberg JA, McGwin G Jr, et al. The relationship of blood product
ratio to mortality: survival benefit or survival bias? J Trauma. 2009;66(2):358-
364.

Bochicchio GV, Napolitano L, Joshi M, Bochicchio K, Meyer W, Scalea TM.
Outcome analysis of blood product transfusion in trauma patients: a prospec-
tive, risk-adjusted study. World J Surg. 2008;32(10):2185-2189.

Bochicchio GV, Napolitano L, Joshi M, et al. Blood product transfusion and ven-
tilator-associated pneumonia in trauma patients. Surg Infect (Larchmt). 2008;
9(4):415-422.

(REPRINTED) ARCH SURG/VOL 145 (NO. 9), SEP 2010

905

WWW.ARCHSURG.COM

©2010 American Medical Association. All rights reserved.

Downloaded From: http://archsurg.jamanetwork.com/ by a US Army Medical Command User on 02/06/2014



27. Achermann FJ, Julmy F, Gilliver LG, Carrel TP, Nydegger UE. Soluble type A sub-
stance in fresh-frozen plasma as a function of ABO and secretor genotypes and
Lewis phenotype. Transfus Apher Sci. 2005;32(3):255-262.

Heal JM, Masel D, Rowe JM, Blumberg N. Circulating immune complexes in-
volving the ABO system after platelet transfusion. Br J Haematol. 1993;85(3):
566-572.

Inaba K, Teixeira PG, Shulman |, et al. The impact of uncross-matched blood
transfusion on the need for massive transfusion and mortality: analysis of 5,166
uncross-matched units. J Trauma. 2008;65(6):1222-1226.

Alam HB, Stanton K, Koustova E, Burris D, Rich N, Rhee P. Effect of different
resuscitation strategies on neutrophil activation in a swine model of hemor-
rhagic shock. Resuscitation. 2004;60(1):91-99.

28.

29.

30.

INVITED CRITIQUE

31. Rhee P, Burris D, Kaufmann C, et al. Lactated Ringer’s solution resuscitation
causes neutrophil activation after hemorrhagic shock. J Trauma. 1998;44(2):
313-319.

Eder AF, Herron R, Strupp A, et al. Transfusion-related acute lung injury surveil-
lance (2003-2005) and the potential impact of the selective use of plasma from
male donors in the American Red Cross. Transfusion. 2007;47(4):599-607.
Chapman CE, Stainshy D, Jones H, et al; Serious Hazards of Transfusion Steer-
ing Group. Ten years of hemovigilance reports of transfusion-related acute lung
injury in the United Kingdom and the impact of preferential use of male donor
plasma. Transfusion. 2009;49(3):440-452.

Williamson LM, Heptonstall J, Soldan K. A SHOT in the arm for safer blood
transfusion. BMJ. 1996;313(7067):1221-1222.

32.

33.

34.

Is Transtusion of ABO-Compatible Nonidentical
Plasma Truly Associated With an Increased Risk

of Complications?

he transfusion of high ratios of plasma and plate-

lets to packed red blood cells, known as hemo-

static resuscitation, in patients requiring mas-
sive transfusion has become a standard of care in many
trauma systems. This is a result of multiple retrospec-
tive analyses from both military and civilian databases
that showed an association between high-ratio transfu-
sion and improved survival. This very well-done study
by Dr Inaba and his colleagues from the University of
Southern California raises critical questions concerning
the safety of hemostatic resuscitation.

The authors’ data suggest that the practice of trans-
fusing ABO-compatible nonidentical plasma results in an
increased incidence of ARDS and sepsis compared with
ABO-identical plasma and that the incidence of these com-
plications increases as more nonidentical plasma is given.
Although the authors’ arguments are very persuasive, there
are several factors that need to be considered before a
change in practice is implemented.

Patients who received nonidentical plasma were more
injured and received more blood products than patients
who received identical plasma. It is likely that many of
these patients were massively transfused. To correct for
these fundamental differences between the populations,
the authors performed propensity matching. This re-
sulted in the exclusion of close to 90% of the patients
who received identical plasma, introducing the poten-
tial for bias.

Also, this study was performed during the period from
2000 to 2008, during which transfusion practices changed
significantly. For instance, blood banks are no longer
transfusing plasma from women because of the risk of
transfusion-related acute lung injury.' As the authors state,
it is possible that many of the patients who were re-
ported to have ARDS in this study actually had transfusion-
related acute lung injury. This is supported by the fact
that there was no difference in mortality, intensive care
unit days, or hospital length of stay between the 2 groups.
Also, this same group has reported a dramatic decrease

in the incidence of ARDS at their institution during the
same period. It would be interesting to evaluate whether
the differences in complications reported persisted
throughout the study period.

Another important consideration is the effect of time
from thawing of plasma to transfusion. Most blood banks
will store thawed plasma up to 5 days after thawing. It is
possible that the increased complication rate seen in pa-
tients who received nonidentical plasma was a result of
aged thawed plasma.

The group from the University of Southern California
has truly remarkable resources in that they maintain ap-
proximately 26 U of thawed plasma that is almost equally
distributed between types O, A, and B, allowing them to
give type-specific plasma to most of their patients. Many
trauma centers maintain 4 to 6 U of thawed AB plasma for
use in patients who require massive transfusion, poten-
tially placing them at increased risk for ARDS and sepsis.
While some studies have shown an increased risk of ARDS
and sepsis in patients who receive hemostatic resuscita-
tion, one has to survive to manifest these complications. I
look forward to a prospective randomized trial comparing
ABO-compatible nonidentical and ABO-identical plasma
in patients requiring massive transfusion.
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