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An FFP:PRBGC Transfusion Ratio =1:1.5 Is Associated With
A Lower Risk Of Mortality After Massive Transfusion
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Dhjective: The detrimental cffects of
coagulopathy, hypothermia, and acidosis
are well described as markers for mortal-
ity after traumatic hemorrhage. Recent
military experience suggests that a high
fresh frozen plasma (FFP):packed red
blood cell (PFRBEC) transfusion ratio im-
proves oulcome; however, the appropriate
ratio these transfusion products shoukd be
given remains to be established in a civil-
jan trauma population.

v Data were obtained from a
multicenter prospective cohort study eval-
uating clinical oulcomes in blunt injured
adults with hemorrhagic shock, Those pa-
tients who required =8 units PRBCs
within the first 12 hours postinjury were
analyzed (n = 415).

Resuils: Patienis who received trans-
fusion products in =1:1.50 FFP:PRBC ra-
tin (high F:P ratio, n = 102} versus <1:

150 FFP:PRBC ratio {low F:P, n = 313}
required significantly less blood transfu-
sion at 24 hours (16 = 9 onits vs. 22 £ 17
units, p = L0T) Crode mortality differ-
ences hetween the groups did not reach
statistical significance (high F:P 28% vs,
low F:P 35%, p = 0.202); however, there
was a significant difference in early (24
hour) mortality (high F:F 39% vs. low
F:P 12.8%, p = 0.012). Cox proportional
hazard regression revealed that receiving
4 high F:F ratio was independently asso-
ciated with 52% lower risk of mortality
after adjusting for important confounders
(HR 0.48, p = 0.002, 95% CI 0.3-0.8). A
high F:P ratio was not associated with a
higher risk of organ failure or nosocomial
infection, however, was associated with al-
must a twofold higher risk of acute respira-
tory distress syndrome, after controlling for
important confounders.

Conelusions: In patients requiring
=8 units of blood after serions hlunt in-
jury, an FFP:PRBC transfusion ratio =1:
1.5 was associated with a significant lower
risk of mortality but a higher risk of acute
respiratory distress syndrome, The mor-
tality risk reduction was most relevant to
mortality within the first 48 hours from
the time of injury. These results suggest
that the mortality risk associated with an
FFP:PRBC ratio <1:1.5 may oceur early,
possibly secondary to ongoing coagulopathy
and hemorrhage. This analysis provides fur-
ther justification for the prospective trial
investigation into the optimal FFP:PRRC
ratic  required in  massive transfusion
practice,

Key Words: Massive transfusion,
Transfusion ratio, Plasma, Cox propor-
tional hazard regression.

he effects of coagulopathy, hypothermia, and acidosis,

touted as the “lethal triad.” are well-known markers for

mortality after traumatic hemorrhage.'™ Increasing at-
tention has recently been paid to the correction of the coagu-
lopathy that complicates massive transfusion and damage
control resuscitation after severe injury.”* Importantly, co-
agulopathy has been shown to be present early after injury, at
the time of trauma admission. even further substantiating the
impartance of early initiation of treatment and the prevention
of coagulopathy.™ ="' Both allogeneic blood and fresh frozen
plasma (FFP) transfusions have been shown to be indepen-
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dent risk factors for poor outcome in the critically ill.'*"®

Despite these inherent risks, the acutely exsanguinating in-

jured patient at times requires large volumes of these trans-

fusion components until hemostasis can be obtained, '
Recent military experience suggests that, in patients who
reguire massive transfusion, a high FFP: packed red blood
cell (PFRBC) transfusion ratio, in the first 24 hours postinjury,
is associated with improved survival ®® However, the appro-
priate ratio in which these transfusion products should be
given remains mntrc‘r-.-v::rs:i:nul,jl and the associated nisks attrib-
utable 1o a high FFP:PREC transfusion ratic have not been
adeguately characterized for a civilian population.
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An FFP:PRBC Transfusion Ratio

The main objective of this cument analysis was o deter-
mine whether =1:1.5 FFP:PRBC transfusion ratio (high F:P
ratio), in patients who required massive transfusion after
injury, was associated with a lower risk of mortality. Addi-
tionally, the associated nsks of multiple organ failure (MOE),
nosocomial infection (NI), and acute respiratory distress syn-
drome (ARDS) attributable to high F:P transfusion ratio were
independently characterized to determine whether those who
survive their initial injury are at additional risk because of this
type of transfusion practice. We hypothesized that patients
who received a high F:P ratio would be at a lower risk of
mortality, yel those who do survive, would have a higher risk
of subsequent complications.

Data were derived from the ongoing multicenter pro-
spective cohort study known as the Inflammation and the
Host Response 1o Injury Large Scale Collaborative Program
(www. gluegrant.org) supported by the National Institute of
General Medical Sciences (NIGMS), which is designed to
characterize the genomic and proteomic response in injured
patients at risk for MOF after traumatic injury and hemor-
rhagic shock.® Standard operating procedures were devel-
oped and implemented across all institutional centers 1o
minimize variation in postinjury care, including early goal
direcied resuscitation, strict glycemic control, venous
thromboembolism prophylaxis, appropriate low tidal vol-
ume ventilation, ventilator-associated pneumonia manage-
ment, and restrictive transfusion guidelines.™ " Patients
admitted to one of seven institutions, during a 3.5-vear
period (November 2003-March 2007), were included in
the analysis. Inclusion criteria for the overall cohort study
included blunt mechanism of injury, presence of prehos-
pital or emergency department systolic hypotension (<90
mm Hg) or an elevated base deficit (=6 meg/L), blood
transfusion requirement within the first 12 hours, and any
body region exclusive of the brain with an abbreviated
injury score (AlS) =2, allowing exclusion of patients with
isolated traumatic brain injury. Patients younger than 16
years or older than 90 years and those with cervical spinal
cord injury were also excluded from enrolment. For the
current study, only patients who required =8 units of
PRBCs within the first 12 hours from injury were included
in the analysis. Clinical data were entered and stored in
TrialDh, a web-based data collection platform, by trained
research nurses.™ Integrity of the data were maintained
through ongoing curation and external data reviewed by an
independent chart abstractor.

While patients were admitted to the intensive care unit
(ICU), multiple organ dysfunction scores for renal, hepatic,
cardiovascular, metabolic, hematologic, respiratory, and new-
rologic systems were determined dail}'.:"'"" All nosocomial
infectious complications were monitored and recorded (in-
fection type, culture specimen source, and bacteriology). The
diagnosis of MOF required a maximum Marshall Multiple
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Organ Dysfunction score =35, whereas the diagnosis of NI
required specific clinical criteria along with positive culture
evidence. ARDS was defined as a Paoy/Fio, ratio <20,
bilateral infiltrates on X-ray. a measured pulmonary artery
occlusion pressure <18 mm Hg or the absence of clinical
evidence for elevated left atrial pressure. All time variables o
the respective outcome event were determined from the day
of initial injury, whereas the time to the first NI was used in
those patients with multiple infections. Diagnosis of a ven-
tilator-associated pneumonia required a guantitative cul-
ture lhrcshﬂ]d of = 10* CFU/mL for bronchoalveolar lavage
specimens.™ Diagnosis of catheter-related blood stream in-
fections required positive peripheral cultures with the identi-
cal organism obtained from either a positive semiquantitative
culture (=15 CFU/segment), or positive quantitative culture
i=10* CFU/segment) from a catheter segment specimen.
Urinary tract infections required =107 organisms/mL of urine,
Each individual patients transfusion requirements [or
FFP and PRBCs (per unit) in the initial 12 hours after injury
were used to determine an FFP:PRBC ratio. As this was a
continuous variable, a specific cut point was required to
categonize patients into the comparison groups (Fig. 1), Those
paticnts who received at least an FFP:PRBC ratio of 1;1.50 were
categorized as the high F:P ratio group. Patients who required an
FFP:PRBC transfusion ratio of 1:1.51 or less were categorized
as low F:P patients. Similar decimal place cutoffs (x.50-x51)
were used for the stratified group analysis (see below).
Patients who received a high F:P ratio within the first 12
hours postinjury versus those patients who received a low F:P
ratio were compared in a univariate fashion, and crude rates
for mortality (in hospital), MOF ARDS and the development
of Ml were then determined and compared. The FFP:PRBC
variable, specifically the low F:P group, was then categonzed
as 1:2 (1:1.51-1:2.50, n = 103), 1:3 to 4 (1:2.51-1:4:50, n =
111}, and =1:5 (=1:4.51, n = 97) groups, and the time
course of monality nisk associated with the FFP:PRBC trans-
fusion ratio groups was characterized using Kaplan-Meier
survival analysis, Cox proportional hazard regression model-
ing was then used to characterize the independent risk of
montality (in hospital) associated with a high F:P ratio relative

1 FFP:PRBC transfusion ratio 0w 0
| | ! i
kL rlm | 1:1 | | 13 | | 1:$| i-1§|

LOW F:P rato
(m=313)

Flg. 1. FFP:FPREC group stratification.
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o patients who received a low F:P ratio, after adjusting for
important confounders, Then after stratification of the low
F:P group, a similar regression analysis was performed. Con-
founders for the multivariate models were chosen to adjust
for differences in injury characteristics, shock severity, oper-
ative and [CU interventions, and important comorbidities,
Particular attention was paid to those factors that would alter
the early coagulation statws of the patient. Confounders for
the final regression model included patient age, gender, In-
jury Severity Score (I83), acute physiology and chronic
health evaluation (APACHE) 11 score, presenting Glasgow
Coma Score (GCS) and head ALS score, crystalloid, platelet
and cryoprecipitate requirements (within 12 hours postin-
jury), worst base deficit and blood gas pH in the first 12
hours, lowest core body temperature, initial coagulation sta-
tus (international normalized ratio [INR]), the requirement of
carly operative intervention {exploratory laparotomy or tho-
racotomy or sternotomy ), early vasopressor (<224 hours) re-
quirements, and a history of liver disease. Clinically relevant
interaction terms were tested and kept in the final model if
statistically significant {p << 0L03).

Cox proportional hazard regression was then also used to
determine the independent associated risks of MOF, ARDS,
and NI attributable to a high F:P ratio after controlling for
important confounders. Patients who died or who were dis-
charged from the hospital without a respective outcome event
were censored, thus adjusting for any effect of early death on
subsequent MOF, ARDS, and NI calculated risks.

All data were summarized as mean = 5D, median (in-
terquartile range), or percentage (%). Student’s ¢ or Mann-
Whitney statistical tests were used [0 compare continuous
varinbles, whereas y° or Fisher's exact tests were used for
categoncal variables, The institutional review board of each
participating center approved the cohort study, while the
institutional review board at the University of Pittsburgh
Medical Center approved this current analysis.

RESULTS

Of the 1,036 blunt injured patients enrolled during the
study period, 415 patients had a blood transfusion require-
ment of =8 units within the initial 12 hours after injury, and
constituted the study population. In this cohort, 39 patients
received no FFP within the first 12 hours from injury (FFP:
FRBC ratio = () despite having a =8 unit blood transfusion
requirement. The overall mortality for the study population
was 33.5%, whereas the overall complication rates for MOF,
NI, and ARDS were 56.4%, 46.5%, and 29.6%, respectively,
This cohort of patients requinng massive transfusion had a
median age of 41 years (I1QR 25-54) and were significantly
injured with a median IS5 of 34 (IQR 22-43), An carly (with
48 hours) exploratory laparotomy was required in 63% of
patients, whereas 16% required an early thoracotomy or ster-
notomy. The median blood transfusion requirement in first 12
hours postinjury was 14 units (IQR 14-22) for the entire
study cohort.
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Those patients who received a high F:P ratio when com-
pared with those who received a low F:P ratio were similar in
age, gender, mechanism of injury, presenting base deficit and
IMNE, level of acidosis, and prehospital comorbidities (Table 1),
Those who received a high F:P ratio had higher 1S5 score and
extremity AIS scores, higher APACHE 11 scores, lower GCS
scores, and had lower nadir core body temperature measure-
ments in the first 24 hours postinjury, They also had greater
length of stay, ICU, and ventilator requirements; however, these
comparisons would be inaccurate it an early mortality difference
existed between the two groups. Hospital free days, ICU free
days, and ventilator free days were compared with adjust for any
such difference and confirmed that high F:P ratio patients had
fewer hospital, ICU, and ventilator free days. Although not
statistically different, high F:P ratio patients were less likely to
undergo early laparotormy and had clinically higher head AIS
scores, Cruade rate comparison for mortality did not reach sta-
tistical significance, but high F:P ratio patients did have a sig-
nificantly higher incidence of NI and ARDS, whereas a clear
trend existed for having a higher rate of MOF (Table 2). Al-
though no statistical differences in mortality were found be-
tween those who received a high F:P ratio versus those who did
nid, the clinically relevant difference in crude mortality between
the comparison groups highlights the importance of the use of
Caox proportional hazard regression, which allows patients who
die before # respective outcome event to be appropriately cen-
sored, when determining complication nsks.

Transfusion and resuscitation requirements compared
across the two groups revealed that those who received a high
F:P ratic had a reduced blood transfusion requirement at both
12 hours and 24 hours postinjury (Table 3). A significantly
higher amount of cryoprecipitate was also given to the high
F:P group; however, no differences were found in platelet or
crystalloid administration, It is apparent that the vast majority
of transfusion products and crystalloid were given within the
first 12 hours after injury as the average requirements increased
only slightly when analyzed at 24 hours out from injury,

Kaplan-Meier time to event analysis revealed early sep-
aration of survival curves for high F:P ratio patients relative
tar those who received a low F:P ratio (Fig. 2). Although the
survival curves overall were not statistically different (log-
rank: p = (L119), the mortality rate at day 1 postinjury was
significantly lower in the high F:P group {3.9% vs, 12.8%,
p = 0.012). Although underpowered o be statistically dif-
ferent, when the FFP:PRBC variable was stratified into
groups (high F:P, 1:2, 1:3-4, and =1:5), similar findings with
early separation of the survival curves are apparent at day 1
postinjury, with a dose response being demonstrated, based
on the transfused FFP:PRBC ratio (Fig. 3).

Cox proportional hazard regression revealed that a high
F:P ratio, relative to patients who received a low F:P ratio,
was independently associated with a 32% lower risk of mor-
tality (HR 0,48, p = 0,002, 95% CI 0.3-0.8), after controlling
for important confounders, To verify that this finding held
true irrespective of the amount of blood transfusion a patient
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Table 1 Baseline Demographics and Characteristics for Patients Who Received a High F:P vs. a Low F:P

Transfusion Katio

High F:P [n = 108} Low FP [n = 313) o

Age {yrs) 4.1 =18 416 =18 0.805
Gander (Yamale} T6.5 GA.4 0.120
Mechanism of injury (%)

MWC G5B 585 0.546

Ped struck 225 18.0

Fall a0 6.1

Other 6.7 6.4
Initial base deficit (meqg/L) 108 =5 10.7+5 0.824
APACHE Il score 3386 320+6 0.021*
ED GCE score <8 6% 54.3% Q.o
Injury severity score 36.5 = 16 328 =14 0.0zg
Maximum head AIS 16*2 142 0,064
Maximum cheast AlS v+ 35 +1 0.135
Maximum abcomen A5 3.3 +1 331 0.925
Maxirmum extramities AIS 35+ 311 0.001°
Maximum spine AlS 2.2 1 22 +1 0.634
24 h Lowest temp (°C) 341 +1 M5+2 0016
24 h Lowest blood gas pH T4 £ 01 713 = 04 0,452
ED INR 1.89 +1 1.76 2 0.453
24 h vasopressor reguirement (%) 255 258 0.9839
Early exploratory laparctomy (%) 55.8 65.8 0,060
Early tharacotomy/sternatomy (&) 157 16.7 0.808
Length of stay (days) 275+ 25 207 £ 18 0,004
ICL) days 170+ 18 132 212 0.025"
Vantilator days 138 £17 10.8 + 11 0.047°
Haospital free days’ 38 (19-51) A2 [30-5E) 0.008°
ICL free dayst 18 (5-25) 21 (12-27) 00107
Vantilator frae days® 22 (B-26) 23 [15-28) 0,008
History of HTH (%) 105 134 0.489
History of b1 (%) az 1.4 0.075
History COPD (%) 24 4.2 0,581
History of CHF (%) o 1.9 0.158
History of DM (%) ¥ 6.1 0,336
History of liver disease (%) B9 8.0 0712

* Statistically significant,
T Reported as median lirterquartile rangs} relative to 60 d,
* Reported as median {interquartile range) relative te 30 d.

WWC, motor vehicle collision; ED, emergancy department; Early, within 48 b postinjury; MI. myocardial infarction; COPD, chronic abstructiva

pulmonary disease; CHF, congastive heart failure; DM, diabetes mallitus.

Table 2 Crude Complication Rate Comparison for
Patients Who Received a High F:P vs. a Low F:P
Transfusion Ratio

Table 3 Transtusion Requirements at 12 h and 24 h
Postinjury

High F:P {n = 102} Lew F:P [n = 313) o

Mortality (%) 264 35.1 0212

MOF {3} B3.7 54.0 0.085

Masocomial infection 58.4 432 0.008"
(%)

ARDS (%) 471 24.0 Q001

Marshall multiple organ failure dysfunction score =5,

required, the amount of blood (per unit) required at 12 hours
postinjury was added as a covariate and the hazard ratio for
high F:P ratio patients remained significant with the protec-
tive effect for mortality being unaltersd (HR 0,57, p = 0.026,
95% CI0.35-0.93). When complications including MOF and

Vilurne 65 » Number 5

HighF:P in = 102) Low F:Pin = 513 p

12 h Postingury
Blaod [unit) 1437 205 = 15 0.001°
Fresh frozen plasma 1407 687 0.001°
{umit)
Crystallaid L 155 = 7 153+ 8 0.738
Platelet {unit) 14 +1 1322 0,744
Cryoprecipitate {unit) 32=+4 20+4 0.006"
24 h Postinjury
Blood [unit) 160=* 8 220 %17 0.001"
Frash frozen plasma 1529 FExXH 0.oo1°
{unit)
Crystallaid (L) 188+9 1871 0.892
Flatalet {wnit) 182 168X 2 0.525
Cryoprecipitate {unit) 33x4 2324 0.030°
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Fig. 2. Kaplan-Meier survival analvsis comparing high F:P and
low F:P transfusion ratios,
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Fig. 3. Kaplan-Meier survival aralvsis comparing stratified FFP:
PRBC rransfusion ratio groups.

the development of NI were added to the model, no changes
occurred and the hazard matio for a high F:P ratio also re-
mained unaltered. suggesting that these findings are not at-
tributable to the development of these clinically outcomes,
Similar to the results from the Kaplan-Meier analvsis, when
patients who died within the first 48 hours postinjury were
excluded, the hazard ratio for a high F;P ratio became non-
significamt (HR 0,70, p = 0.241, 95% CI1 0.4-1.2), indicating
that, in part, the protective effect associated with a figh F:P
ratio was relevant to monality early after injury, within the first
48 hours. Interestingly. when only patients who received =4 and
<& units of blood (n = 307) were included in the model, the
prodective effects associated with a high F:P ratio were no longer
present (HR 0.95, p = 0.894, 95% CI 0.4-2.00, suggesting tha
these findings hold true only when a patient requires massive
transfusion. When the FFP:PRBC ratio was further stratified into
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groups (high F:P, 1:2, 1:3-4, and =1:5), relative 1o patients who
received <1:5 FFP:PRBC ratio, the harard ratios for mortality
also demonstrated a dose response relationship with a high F:P
ratio remaining a significant independent predictor or survival
(mortality HR 038, p = 0.002, 95% C1 0.2-0.7, Fig. 4).

To determine the potential nisks associated with the propor-
tion of FFP and PRBCs a patient receives, Cox proportional
hazard regression was also used to determine the independent
associated risks for MOF, NI, and ARDS aunbutable 1o
receiving & high F:P ratio relative to a low F:P ratio. After
controlling for differences in age, gender, injury severity,
initial base deficit, and APACHE II score, a high F:P ratio
was not significantly associated with a higher risk of MOF or
NI (Fig. 5. However, a high F:P ratio was associated with
almost a twofold higher risk of ARDS, after controlling for
important confounders (Table 4). Finally, to characterize the
time course at which this higher risk of ARDS occurs after
injury, Kaplan-Meier analysis revealed significantly different
{log rank: p = 0.001) {Fig. 6) time to event curves with
separation around day 4 postinjury, signifying that this higher
risk of pulmonary complications occurs soon after injury and
were not a delayed outcome effect.

FFP:PRBC

>I=1:1.5"

1:2

1:3-4

Ty L i |

0.1 1.0 10
Independent Hazard Ratio For Mortality

9. & Independent risk of mortality associated with stratified FEP:
PREC rransfision ratios using Cox proportional hazard regression
maodeling (relative o a FFP:PRBC =]:5). Additional covariates
frciieded i the regressron moeded- ape. pender, fyiery Severity Seore,
APACHE I score, EI} Glasgow Coma Score and head AIS, 12 howr
crystalloid, plateler and cryoprecipitate requirements, worst base
deficit, and blood gas pH in the first 12 hours, lowest core body
temperature in 24 hours, ED coagulation status (INR), the reguire-
ment of early operative intervention {explovatory laparotomy or
thoracotpmy oF sternotomy), early vasopressor (<24 howrs) re-
quirements, and a kistory of liver disease,
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MOF e
NI by
ARDS ** L ——

ey .
1.0
Independent Hazard Ratio For a HIGH
F:P Transfusion Ratio
Fig. 5. Risk of complications associated with a high F:P (=1:1.5}
framnsfusion ratio.

Table & Cox Proportional Hazard Regression Model
With ARDS as Dependent Variahle

Outcome: ARDS Hazard Ralio ] 95% CI
High F:F ratic 1893 0.004 1.23-3.02
Gander 0.58 0137 040-1.13
Age 0.99 0.748 0.82-1.04
IS5 25-1)" 1.07 0850 0.51-225
155 (=42 1.60 0249 (.72-3.59
APACHE Il scars 1.08 0001 1.03-113
Initial base deficit 1.02 0.387  0.487-1.07
Maximum chest AIS score 1.01 0.981 0.79-1.27
24 h Crystalloid reguiremant 1.03 0003  1.01-1.06

* Ralative to IS5 score of 1-24,

1.0 |
.[

% ARDS Frea

0 5 10 15 Foil 25 a0
Days From Injury
Fig. 6. Kapian-Meier time to event analvsis for the development of
ARDS for high F:P and low F:P rrangfusion ratiog,

DISCUSSION

Deespite the significant advances in trauma care delivery
and postinjury management practices that have occurred dur-
ing the last decade, uncontrolled hemorrhage remains one of the
leading causes of trauma-related deaths > A significant
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amount of attention has been paid recently to the prevention
and early treatment of the coagulopathy that complicates
severe injury and damage control resuscitation.™'™5*® His-
torically, postinjury coagulopathy was thought 1o be a second-
ary evenl, resulting from resuscitative hemaodilution, ongoing
acidosis, and iatrogenic hypothermia.' " Recent evidence
suggests that coagulopathy should be thought of as a primary
event, as it occurs early afier injury, even at the time of
admission before major volume resuscitation, and is indepen-
dently associated with detrimental outcomes,”™ "' Recent
military experience has provided strong evidence for a sur-
vival benefit associated with a high FFP:PRBC transfusion
ratio (median, 1:1.4) in patients who reguire massive
transfusion.®" This cohort of mililary patients were primarily
injured via a penetrating mechanism, had a median age of 24
years, and were predominantly men. The survival benefit was
most perlinent to mortality that occurred within the first 4
hours from injury, primarily decreasing early death from
ongoing hemorrhage.

The results of this curent analysis complement these
prior findings and wverifies that a high F:P (=1:1.5 FFP:
PRBC) ratio is associated with a lower risk of mortality in a
civilian population, who were somewhat older, were more
typically splil across gender, and who all had a blunt mech-
anism of injury. Similarly, these current results suggest that
the protective effects associated with a high F:P ratio were
most relevant o mortality within 48 hours from the time of
injury, suggesting that the higher mortality risk associated
with an FFP:PRBC transfusion ratio <21:1.5 oceurs earlier,
possibly secondary to ongoing coagulopathy and uncontrol-
lable hemorrhage, Despite crude mortality rates between the
comparison groups not reaching statistical difference, the
significant early mortality differences (with in first 24 hours)
was likely responsible for this overall mortality risk redue-
tion. These protective effects were not found in those who
required <28 units of blood in the initial 12 hours from injury,
and verifies that it is the massive transfusion population
where prevention and early correction of coagulopathy seems
most efficacious. These results add to our current understand-
ing of the benefits associated with aggressive prevention and
treatment of coagulopathy after injury and massive transfu-
sion and additionally offers insight into the potential compli-
cations and risks attributable to this type of resuscitative
practice,

Despite high F:P ratio patients having higher crode rates
of NI, ARDS, and a trend toward a higher rate of MOF, afier
controlling for important confounders, there was no greater
risk of MOF and NI attributable to a high F:P ratio found in
multivariate regression analysis. These findings were appar-
ent even though high F:P patients had a significantly greater
hospital length of stay, higher ICU days, and more time
required on the ventilator. Importantly, these length of stay
differences were not simply due to a higher mortality rate in
the low FiP ratio groups as hospital, ICU, and ventilator free
days were also found to be less in the high F:P group. An
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almost twolold greater independent risk of ARDS, however,
was found to be attributable to high F:P ratio. This finding
was independent of the quantity of crystalloid a patient re-
ceived and the severity of chest injury sustained, This greater
risk was apparent very early in the patients hospital course,
within 4 days from the time of injury, temporally related to
the transfusion product administration rather than a delayed
outcome event. In a recent publication by Khan et al.,'® FFP
and platelet transfusions were found to be independent risk
factors for acute lung injury and ARDS, each having a higher
risk relative to PRBC transfusion in critically ill medical
patients. Exclusive of this study, a relative paucity of high-
level evidence exists on the potential benefits or risks asso-
clated with transfusion products other than blood, particularly
after injury.”™* As this represents the first analysis to char-
acterize the risks associated with a high FFP:PRBC ratio,
further studies are required to verify these findings and to
advance our understanding and insight into the risks associ-
ated with plasma-rich transfusion products (FFP, platelets,
and cryoprecipitate) and the proportion in which they are and
should be given with blood transfusions after injury,

It is intriguing that a lower risk of mortality was still
demonstrated for those who received a high F:P ratio, despite
these patients being more severely injured by IS5, having
higher APACHE 11 scores, and lower GCS scores at admis-
sion. Similarly, the blood transfusion requirement, beginning
as early as 12 hours postinjury, is unexpectedly lower in the
high F:P patients based on these same group differences.
Importantly, the protective effect attributable to a high FFP:
PRBC was independent of the amount of blood transfusion
required. This suggests that our lindings were not due o
differences in blood transfusion between the comparison
groups and were most strongly dependent on the proportion
of FFP relative to PRBC's a patient received. This analysis
represents one of the largest that has analyzed transfusion
product ratios in patients who require massive transfusion,
but the secondary nature of this current analysis is unable
definitively prove that a high F:P ratio is causally responsible for
these findings. Despite this limitation, proposed criteria™ includ-
ing consistency across different data sets, theoretical plausibility,
the temporal relationship of the associations, the dose-response
relationship in early survival, and finally the strength of the asso-
ciations even after controlling for important confounders, does give
precedence to the causality argument and justifies fuwure higher
level, prospective analyses, W provide more definiive answers con-
cerning & high FFP:PRBC ransfusion practice.

This analysis does have several potential limitations.
First, this study is a secondary analysis of a prospective
cohort study looking at the genomic and proteomic response
after severe imjury and hemorrhagic shock, As with any
secondary analysis, data were not recorded 0 answer our
specific hypothesis stated for this study. Potential unknown
or unmeasured confounding variables may be responsible for
the associations described and the conclusions formulated.
Factor W1la use was not originally a data point recorded for
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the overall cohort analysis, As its use and relevance has
increased alter injury, it was added as an important variable
e be recorded but this prospectively occurred only as re-
cently as December 2006, The data analyzed included pa-
tients upto April 2007, The use of factor Vila in this small
subset of patients was not different (high F:P-0% vs. low
FP-1%, p = 0.326) form those in whom prospectively re-
corded data exist; however, this represents incomplete data,
and differences in factor VIla use may be an important
comfounder and represents a significant limitation of this
analysis. Despite similar comparison group characteristics
overall and adjustment for differences that were apparent
using multivarate regression analysis, patients who received a
high F:P ratio soon after injury may be an inherently different
population relative o those who received a low F:P ratio, as they
were not randomized. Those patients who received a high F:P
ratio were clinically less likely to undergo exploratory laparot-
ony (56% vs, 66% p = 0.060) and our results could be biased
despite adjusting for this potential confounder in our regression
models, Finally, the time of death {in hours) during the initial
days of injury was not prospectively recorded in the data set. It
may be that those patients most likely to die early due to
uncontrolled hemorthage were less likely to receive greater
amounts of FFP secondary to time restraints or other unknown
factors. However, all analyzed patients meceived at least 8 umits of
PRBC's within the first 12 hours from the time of injury, and those
who received a low FiP ratio were given even greater amounts of
Blooxd at 12 howrs and 24 hours, making any potential time to death
difference hetween the comparison groups a less likely confounder,

In conclusion, patients who received an FFP:PRBC
transfusion ratio =1:1.5, relative to patients who received
< 1:1.51 FFF:PRBC ratio, had a significant lower risk of
in-hospital mortality following massive transfusion after con-
trolling for important confounders. This protective effect was
mosl pertinent for mortality within the first 48 hours after
injury and was independent of the blood transfusion require-
ment each individual patient received. Although crude mor-
tality differences between the high F:P and low F:P groups
did not reach statistical significance, the significant differ-
ence in early (24 hour) mortality was likely responsible for
this overall mortality sk reduction. As the FFP:PRBC ratio
became smaller (less FFP relative to PRBCs) a dose-response
relationship was demonstrated for mortality, with those pa-
tients who received minimal or no FFP having the highest
early mortality. Those who survived their initial injury were
almost at a twofold higher risk of ARDS, independent of
important confounders, These resulls suggest that the mortality
risk associated with an FFP;PRBC transfusion ratio <<1:1.5 may
be secondary 1o inadequate correction of coagulopathy and un-
controllable hemorrhage. Patients who receive =1:1.5 FFP:
PREC transfusion ratio and survive their initial injury are almost
at a twofold higher nsk of ARDS, This analysis provides further
justification for the prospective trial investigation 1o evaluate the
safety and cfficacy of the incorporation of a high FFP.PRBC
into massive ransfusion practice,

Novembar 2008



An FEP-PRBC Transfusion Ratio

Ferrara A, MacArhur 10, Waght HE, e al. Hypothermio and
acidoses worsen cosgulopathy in the patient requiring massive
tramsfusion, Am S Sueg, 1990: 1605 15-518.

Maoore EE.. Thomas G, O Mernorial Lecture. Staged loparotomy
for the hypothermia, acidosis, and coagulopathy syndrome.

Am B Sueg. 1996172406410

Wilson RF, Dulchavsky 54, Soullier G, et al, Problems with 20 or
more blood transfusions in 24 hours. Aei Surg. 1987 53:410-417.
Gentilello LM, Pierson DY Trauma critieal care, Am J Respir Cei
Core Med, 20001633 Pt L6 —607.

Ho AM. Karmakar ME, Dion PW. Are we giving enough
coagulation factors during major rauma resuscitation” Am J Surg.
105, 190479454,

Holcomb JB. Jenkins D, Rhee P er al. Damage control resuscitation;
direcaly addressing the early congulopathy of trauma. § Trawma.
0T A2 MT-310,

MacLeod JE, Lynn M. McKenney MO, et al. Early coagulopathy
predacts modality in trowme. J Trouma, 2003;55:39-44.

Tiew BH, Holcomb JB. Schreiber MA. Coagulopathy: its
patlophysiology and treatment in the injured patient, Wordd J Surg.
T 31:1055- 1064,

Brohi K, Singh I, Heron M. et al. Acute raumatic coagulopathy

J Treveme, 2005354 11271130,

Cronzaler EA, Moore FA, Holcomb B, et al. Fresh frozen plasma
should be given earlier o patients requiring massive transfusion,

S Trawmg, 2007:62:112-11%

Hirshberg A, Dugas M, Bancz EL et al. Minimeang dilutional
coagalopathy in exsanguinating hemorrhage: o computer simulation.
J Trowmg, 2006;54:454 - 461,

Claridge JA. Sawyer BG, Schulman AM, et al, Blood tronsfusions
correlate with infections in trauma patients in a dose-dependent
manmner. Am Swrg, 200268566572,

Malone DL, Duine 1, Tracy JK, ¢ al, Blood transfusion, independent of
shock severity, is associated with worse owcome in trauma.  Trame,
200354 898 N5 discussion W5-507

Moore FA, Moore EE, Sauaia A, Blood transtfusion. An independent
nisk fuctor for postinjury multiple organ failure. Arch Swerg. 1997,
132:620-624; discussion A4 - 625,

Robinson W 11, Ahn J, Stiffler A, eq al. Blood transfusion is an
independent predictor of increased mortality in nonoperatively
managed blunt hepatic and splenic injuries. J Trowne. 2005;38:437-
444, discussion 444 - 435,

Ehan H, Belsher J, Yilmaz M, et al. Fresh-frozen plasma and
platelet ranslusions are associated with development of acute lung
injury in critically ill medical patients. Chesr. 2007:131: 13081314,
Huber-Wagner 5, Quick M. Mussack T, et al, Massive blood
transfusion and owlcome in 1062 polytrauma patients: a prospective
siudy based on the Trauma Registry of the German Trauma Society,
Viox Sang. 2007:92:69 75,

Mitra B, Mori A, Cameron PA, et al. Massive blood transfusion and
trauma resuscitation. ffaee. 200738 10231029,

Malore DL, Hess TR, Fingerbat A, Massive transfusion practices
around the globe and o suggestion for a commoen massive transfusion
provocol, J T, 200006006 Suppl 5915596

Borgman MA. Spinella PC, Parkins JG, ef al. The ratio of blood
prochucts transfused affects mortality in patients receiving massive
ransfusions a & combar support hosgaial, S Trmemno, 2007603 805-813,

i,

FiH

.

3l

i

Ex

35,

M,

37.

38,

39,

Kashuk JL, Moore EE, Sauaia A, et al. Postinjury life-threatening
coagulopathy: is 111 the answer? J Traweg. 2008, In pross,

Maier BV, Bankey P, McKinley B, et al. Inflarnmarion and the b
response o injury, a large-scale collaborative project: patient-oriented
research core—stamcard operating procedures for clinical care [foreward).
J Tranwa, 200559 762-T63.

Moare FA, McKinley BA, Moore EE, et al. Inflammation and the Host
Response to Injury, 4 large-scake collaborative project: patient-orkented
research cone—stanclrd operating procedunes for clinical care. 111
Guidelines for shock resuscitation. . Trawee, 200661852849,

Miner TP, Mathens AR, West M, et al. Inflammation and the Hosg
response o injury, a large-scale collaborative propect: patient-coriented
research core-standland operating procedures for clinical care. 11
Guidelinegs for prevention. diagnosis and toeatment of ventiliabor-
associated pnesrmenia (VAP in the traoma patient. J T, 2006,
;DTG -1 1 3 discussion 1113

Mathens AE, Johnson IL, Mine: JP, et al. Inflammation and the host
response o injury, a large-scale collaborative project: patient-
orieated research core-stantard opernting procedures for clinical
care, 1. Guidelines for mechapical ventilation of the trauma patient
I Travma, 2008;59: TH4 - Ted,

West MA, Shapiro MB. Mathens AB, e al. Inflamistion ard the hos
respomse B mpary, 2 brgeesade collabortive project; petient-oriented
research core-stundard operating procedures for clinical care. IV, Guidelmes
for transfusion in e traurnes patient. J Trang, 2006061:436-439.
Hurbrecht BG, Minei JP, Shapiro MB, et al. Inflammation and the
host response 1 injury, a large-scale collabortive project: patient-
onented research core-standard operating procedures for climical
care. ¥1. Blood glucose comrol in the critically il travma patient.

J Trouma, 200763701708,

Brandt A, Deshpance AM, Lo C, et al, TralDB: o web-based Clinical
Study Dinta Management Systere AMIA At S Proc 2003704,
Carrico CJ, Meakins J1, Marshall 1C, et al. Multiple-organ-failare
symdrome, Arch Surg. 986,121 196208,

Marshall 1C. Organ dysfunction as an outcome mensure in clinical
trals, Eywr 0 Surg Suppl. 19EEE(SRL062-67.

Marshall JC. Cook [, Christou MY, et al, Multiple organ
dysfunction score: o reliable descriptor of a complex elinical
outeome. Crip Care Med 1995;23; 1638 - 1652

Sawain A, Moore FA, Moore EE. et al. Epidemiology of trauma
deaths: a reassessment. J Trouens, 1995 38: 185-193,

Shackford SR, Mackersie RC, Holbrook TL, et al. The epideminlogy
of traumatic death. A population-based analy=is, Arch Surg. 1993;
128:571-575

Acosta 1A, Yang JC, Winchell BJ, et al. Lethal injuries and time to
death in a level | irauma center. J Am Coll Surg. 1998 186:528-333,
Holeomb JB. Damege  conrol — reswscitation. S EILAEH R
(6 Suppl536-517,

Ketchum L, Hess JR. Hiippala 5. Indications for early fresh frogen
plasima, eryoprecipitate, and plvelet transfusion in travme J Traema,
20066006 Suppl:551-558.

Stamworth 51, Brunskill 51, Hyde C1, et al, Is fresh froeen plasma
chinicully effective? A systematic review of randomized conrolled
trinls. e J Heemated, 2004;126: 139152,

MucLennan 5, Williamson LM, Risks of fresh frozen plasma and
platelets. J Trpore 20060.60(6 Suppl i S46-550),

Hill AB. The environment and disease: association or causation?
FProc B Soc Med, 1965 55:205-300.

L

Reprinted with permission from Journal of Trauma 2008: 65(5):986-93. Sperry JL, Ochoa JB, Gunn SR, et al.
An FFP:PRBC transfusion ratio =1:1.5 is associated with a lower risk of mortality after massive transfusion,
Copyright © 2008 Wolters Kluwer Health, Lippincott Williams & Wilkins. http://www.lww.com/

Volume 65 » Number 5

993



