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Background: Optimal management for trauma-induced coagulopathy (TIC) is a clinical conundrum. In
conjunction with the transfusion of fresh-frozen plasma (FFP), additional administration of prothrombin
complex concentrate (PCC) was proposed to bring about further coagulative benefit. However,
investigations evaluating the efficacy as well as corresponding side effects were scarce and inconsistent.
The aim of this study was to systematically review current literature and to perform a meta-analysis
comparing FFP+PCC with FFP alone.

Methods: Web search followed by manual interrogation was performed to identify relevant literatures
fulfilling the following criteria, subjects as TIC patients taking no baseline anticoagulants, without
underlying coagulative disorders, and reported clinical consequences. Those comparing FFP alone with
PCC alone were excluded. Comprehensive Meta-analysis software was utilized, and statistical results
were delineated with odd ratio (OR), mean difference (MD), and 95% confidence interval (CI). I* was
calculated to determine heterogeneity. The primary endpoint was set as all-cause mortality, while the
secondary endpoint consisted of international normalized ratio (INR) correction, transfusion of blood
product, and thrombosis rate.

Results: One hundred and sixty-four articles were included for preliminary evaluation, 3 of which were
qualified for meta-analysis. A total of 840 subjects were pooled for assessment. Minimal heterogeneity
was present in the comparisons (I’ < 25%). In the PCC + FFP cohort, reduced mortality rate was observed
(OR: 0.631; 95% CI: 0.450-0.884, p = 0.007) after pooling. Meanwhile, INR correction time was shorter
under PCC + FFP (MD: —608.300 mins, p < 0.001), whilst the rate showed no difference (p = 0.230). The
PCC + FFP group is less likely to mandate transfusion of packed red blood cells (p < 0.001) and plasma (p
< 0.001), but not platelet (»p = 0.615). The incidence of deep vein thrombosis was comparable in the two
groups (p = 0.460).

Conclusions: Compared with FFP only, PCC + FFP demonstrated better survival rate, favorable clinical
recovery and no elevation of thromboembolism events after TIC.
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Introduction tity. Defined as the impairment in coagulation after
trauma, TIC could result from the insult itself or iat-

Trauma-induced coagulopathy (TIC) is a rogenic reversal against the complication. Previous
well-established yet under-recognized disease en- literature documented longer hospital and intensive
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care unit stay, escalated transfusion requirement, more
reliance on mechanical ventilation support, and great-
er incidence of multiple organ dysfunction secondary
to TIC." The presence of TIC not only intertwines
with worse prognosis but also independently predicts
morbidity and mortality.”

In terms of etiology, TIC was traditionally ac-
counted for the following four aspects: hemodilution
due to fluid replenishment, hypothermia, acidosis,
and the consumption of coagulative factors with hy-
peractivation of anti-bleeding cascade and increased
fibrino(geno)lysis during acute stage.”® Compared with
disseminated intravascular coagulation (DIC), although
both featured pronounced reduction of fibrinogen and
D-Dimer escalation, intravascular fibrin deposition
combining the consumption of clotting factors second-
ary to coagulative system activation was only observed
in DIC rather than TIC. TIC was thus described as “DIC
with fibrinolytic phenotype,”” hinting the management
of TIC mandated further investigations.

Correspondingly, the concept of goal-directed
resuscitation with early factor replacement emerged.
Traditionally, fresh-frozen plasma (FFP) played a
pivotal role in treating coagulopathy, providing fluid
support and the replacement of coagulation factors.®
However, its cumbersome requirements for compati-
bility or storage and its risk of volume overload, nos-
ocomial infection, as well as other transfusion-related
complications prompted the search for improving
1% Prothrombin complex concentrate (PCC),
composed of pooled plasma with multiple concentrat-
ed vitamin K-dependent coagulation factors, thereby
became a possible candidate.

The initial indication of PCC administration

tactics.

was for hemophilia B and was later extended to the
reversal of vitamin K anticoagulation (VKA)-acquired
coagulopathy." Studies demonstrated that PCC not
only harbors comparable ability to correct bleeding
tendency but also carries additional advantages (e.g.,
rapidity in correction, small-volume administration,
and less transfusion-related complications even in
TIC patients without preinjury anticoagulant use).""*
The fifth edition of European guideline on the man-
agement of major bleeding and coagulopathy after
trauma thus extended the indication of PCC. Aside
from FFP-based therapy, PCC served as an alternative
regimen regardless of initial coagulative status."
Although numerous animal studies and re-
al-world investigations with small cohorts have sug-
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gested that PCC in conjunction with FFP might be
superior to FFP alone in the resuscitation of trauma
patients,'*" there is a paucity of literature considering
the safety and efficacy of PCC in combination with
FFP to manage patients with TIC. Therefore, the aim
of this study is to analyze the clinical role of PCC in
combination with FFP against TIC. We hypothesized
that adding PCC upon baseline FFP will improve clin-
ical outcomes.

Methods

The study was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement protocol. Public medical
databases (e.g., MEDLINE, EMBASE, International
Web of Science, Cochrane Central Register of Con-
trolled Trials) were inquired from inception until April
2020. We used Medical Subject Heading Indexation
terminology and set the searching strategy as “([pro-
thrombin concentrate complex] OR [PCC]) AND
([fresh frozen plasma] OR [FFP]) AND ([trauma]
OR [post trauma hemorrhage]).” Full text of selected
manuscripts and references thereof were examined by
all authors independently to determine the eligibility
for inclusion. Disagreement among the reviewers was
resolved by consensus, and inter-observer agreement
was determined by averaged Cohen’s kappa value.
Manual interrogation of the relevant literature was
accomplished to prevent omission.

Studies were included if they fulfill the follow-
ing criteria. Firstly, the study design needed to be
either randomized controlled trial or cohort study.
Secondly, the study group focused on those individ-
uals being status post trauma and without baseline
anticoagulant or antiplatelet medications. Thirdly,
the subjects were human and sustained no underly-
ing coagulopathy, inherited/acquired bone marrow
disorder, or bleeding tendency. Lastly, mortality rate,
transfusion rate, and the incidence of at least one co-
agulopathy or transfusion-related complication (e.g.,
deep vein thrombosis (DVI), pulmonary embolism,
mesenteric infarction, etc) were reported. Studies
were excluded if the aim was to compare the efficacy
between PCC alone and FFP alone. Case report, case
series, conference abstracts, editorials, or government
publications were ostracized due to insufficient de-
tail for critical appraisal. Author, year, study design,
sample size, characteristics of the cohort, intervention
strategy, prognostic indexes, and statistical manner



were extracted for meta-analysis. The quality of the
selected studies was evaluated by the modified New-
castle-Ottawa scale.

The primary endpoint for our study was all-
cause mortality. Other prognostic indexes, including
international normalized ratio (INR) correction, trans-
fusion of blood product, and thrombosis rate, were
interrogated as the secondary endpoint. Data for the
same outcome measured in all studies were pooled by
comprehensive meta-analysis (Cochrane Collabora-
tion, Oxford, UK). Analysis upon dichotomous result
was expressed with odds ratio (OR) and their 95%
confidence interval (CI), whereas the measurement
of continuous data was depicted using mean differ-
ences (MD) and 95% CI. Statistical heterogeneity
was calculated using the Chi-squared test and I’ test.
Values of I* at 25%, 50%, and 75% were respectively
considered low, medium, and high heterogeneity. The
random-effect model was exploited if I’ > 50%; oth-
erwise, a fixed-effect model was employed. Statistical
significance was established on p < 0.05.

Results

The process of the literature search was sum-

PCC for TIC

marized (Fig. 1). One hundred and sixty-four man-
uscripts were selected for preliminary evaluation, 3
of which fulfilled criteria for analysis after excluding
redundancy and irrelevancy (Table 1).""*' Manual
search among the references did not yield extra eligi-
ble articles. High inter-observer agreement for study
selection was reached (Cohen’s Kappa value = 0.829).

Pooling together, a total of 840 subjects with
clinically-confirmed TIC received either FFP transfu-
sion alone or in combination with PCC. During ret-
rospective reviewing period, OR of 3 selected studies
for all-cause mortality comparing PCC + FFP with
FFP alone were 0.552 (95% CI: 0.355-0.859), 0.692
(95% CI: 0.294-1.628), and 0.802 (95% CI: 0.414—
1.553), respectively. A discrepancy arose as 2 out of
the 3 selected studies demonstrated no statistical sig-
nificance, whilst the one with the largest population
favored adjuvant PCC in terms of mortality reduction.
After pooling, our meta-analysis suggested a favor-
able survival rate in the PCC + FFP cohort (OR: 0.631;
95% CI: 0.450-0.884, p = 0.007) (Fig. 2)."*'

As for coagulative behavior, 2 out of 3 studies
compared INR correction time. Both studies revealed
less correction time was needed for patients who
undertook FFP + PCC as treatment, and pooled in-

Records identified through database searching
N =164

\4

Records screen by titles
and abstracts
N =164

Titles/abstracts excluded n = 124
>Non-human n = 41
>Non-RCT and non-cohort study n = 80

v

Full text articles assessed
for eligibility
n=40

>No relation to PCC or FFPor TICn=3

Full test articles excluded n = 37
>With OAC use n =17
>not comparing PCC+FFP and FFP n =19

v

>No outcome of interest n =1

n=3

[Included} [ Eligibility 1 [Screening ’ {Identification}

Studies included in meta-analysis

Fig. 1. Flowchart of literature review process.

FEP: fresh-frozen plasma; OAC: oral anticoagulant; PCC: prothrombin complex concentrate; RCT: randomized controlled trial; TIC: trauma-in-

duced coagulopathy.
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19-21

Table 1. Summary of the selected studies for meta-analysis
Author, year Study design Subject Main finding Reference
Zeeshan et al., Multicenter, 468 patients Compared to FFP alone, addition of 4-PCC 19
2019 retrospective w/0 preinjury contributed to decreased mortality (17.5% vs.
anticoagulants. 27.7%, p = 0.01), lower rates of acute respiratory
distress syndrome (1.3% vs. 4.7%, p = 0.04), and
incidence of acute kidney injury (2.1% vs. 7.3%,
p=20.01).
Jehan et al., Unicenter, 120 patients 4-PCC + FFP was associated with an accelerated 20
2018 retrospective w/0 preinjury correction of INR (373 vs. 955 mins; p =
anticoagulants 0.001), decreased need of transfusion, and lower
mortality.
Joseph et al., Unicenter, 252 patients Extra PCC with baseline FFP facilitated 21
2014 retrospective escorted to trauma INR normalization, reduced pRBC or FFP

center and with
initial INR > 1.5

supplementation, and declined mortality.

FFP: fresh frozen plasma; INR: international normalization ratio; PCC: prothrombin complex concentrate; pRBC: packed red blood cell; w/o:

without.

PCC+FFP v.s. FFP alone | mortality

Study name Statistics for each study Mortality / Total Odds ratio and 95% CI
Odds Lower Upper FFP
ratio limit imit p-Value PCC+FFP alone
Zeeshanetal. 0552 0.355 0.859 0.008 41/234 65/234 -
Jehanet al. 0692 0.294 1628 0399 10/40 26/80
Josephetal. 0.802 0414 1553 0513 15/63 53/189
0.631 0450 0.884 0.007 -
0.01 0.1 1 10 100
Favors PCC+FFP Favors FFP alone
Random-effects analysis T=0.000

Fig. 2. Forest plot for all-cause mortality of patients who received either prothrombin complex concentrate (PCC) +

19-21

fresh-frozen plasma (FFP) or FFP alone.
CI: confidence interval.

terrogation also demonstrated significantly quicker
INR correction (MD: —608.300 mins, p < 0.001) (Fig.
3A).”**' However, OR of INR correction rate com-
paring PCC + FFP with FFP alone were 1.541 (95%
CIL: 0.297-8.001) and 2.440 (95% CI: 0.539-11.045),
respectively. Pooled interrogation also showed no
significant preference in either group with OR: 1.978
(95% CI: 0.650-6.021, p = 0.230) (Fig. 3B).”*!
Furthermore, the requirement for further blood
sample transfusion was assessed. Both packed red
blood cell (pRBC) supplementation (p < 0.001) (Fig.
4A)"?" and plasma replenishment (p < 0.001) (Fig.
4B)"?" were less indicated in the PCC + FFP group
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universally in the 3 studies as well as in the present
meta-analysis. Interestingly, none of the studies ex-
hibited statistical differences in platelet transfusion.
Pooled interrogation also revealed no preference in
either group (p = 0.615) (Fig. 4C)."*'

Besides, the occurrence of side effects was in-
quired. Regarding all thromboembolic events, DVT
was the one that all studies have mentioned. OR
for the incidence of DVT comparing PCC + FFP
with FFP alone were 0.602 (95% CI: 0.245-1.480),
2.026 (95% CI: 0.123-33.252), and 1.508 (95% CI:
0.134-16.918), respectively. After pooling, no signif-
icant amplification of DVT incidence in the PCC +
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(A) PCC+FFP v.s. FFP alone | INR correction time(min)

Study name Statistics for each study
Difference Lower Upper
in means limit limit
Jehanetal -582.000 -714.137 -449.863

Josephetal. -656.000 -833.953 -478.047
-608.300 -714.380 -502.211

Difference in means and 95% CI
p-Value
0.000 o=
0.000
0.000 -

-800.00-400.00 0.00 400.00 800.00

Favors PCC+FFP  Favors FFP alone

Random-effects analysis T=0.000

(B) PCC+FFP v.s. FFP alone | INR correction rate

Studly name Statistics for each study

Odds Lower uh:per
ratio limit imit

Jehaneta. 1541 0297 8.001 0.607
Josephetal. 2440 0539 11.045 0.247
1978 0650 6.021 0.230

Odds ratio and 95% CI

FFP
p-Value PCC+FFP alone

74/80
1757189
0.01 0.1 1 10 100

Favors FFP alone Favors PCC+FFP

random-effects analysis, T=0.000

Fig. 3. Forest plot for coagulative behavior of patients who received either prothrombin complex concentrate (PCC)
+ fresh-frozen plasma (FFP) or FFP alone. (A) International normalized ratio (INR) correction time; (B) INR

correction rate.

CI: confidence interval.

FFP groups was detected (OR: 0.738; 95% CI: 0.329—
1.654, p = 0.460) (Fig. 5)."””' Heterogeneity indexes
of the above comparisons were low (I’ < 25%).

Discussion

TIC is a frequently encountered condition in crit-
ically injured patients and occurrence thereof carries
prognostic implications.”> However, inconsistency of
the theories to appreciate pathophysiology as well as
an incomplete understanding of the management gave
rise to compromised clinical outcomes. To our knowl-
edge, there is neither universal guideline directing the
therapeutic regimen nor meta-analysis determining
the efficacy of PCC + FFP for the treatment of TIC.
Concerns about thrombus formation by factitious
replenishment of coagulative factors in conjunction
with ancillary expenditure prevented the integration
of PCC usage from being the optimal choice. Our
study proposed adding 4-factor concentrate signifi-

cantly facilitated the abatement of coagulopathy with-
out incrementing adverse events.

Employing PCC was anticipated to reduce death
in critical care. To date, four randomized clinical tri-
als were accomplished to appreciate PCC utility for
reversing VKA treatment in neurological or cardiac
operation. Nevertheless, Cochrane systematic review
demonstrated no beneficial effect on the mortality rate
between PCC and FFP.” Six more prospective trials
were ongoing for further validation. Surprisingly,
all-cause mortality, as the primary endpoint of our
analysis, was adequately reduced by PCC with ideal
homogeneity. Aside from divergent study design and
statistical disparateness, such differences might argu-
ably be attributed to the etiology of TIC as hemodilu-
tion and the exhaustion of coagulative factors. Direct
replenishment of both plasma volumes in combination
with extra clotting factors resolved life-threatening
disruption of a hemostatic cascade, which served as
the main cause of death after trauma, thereby contrib-
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(A)  PCC+FFP v.s. FFP alone | pRBC transfusion

Study name Statistics for each study Difference in
Difference Lower Ur‘per means and 95% Cl
in means limit limit p-Value

Zeeshanet al. -4.000 -4725 -3.275 0.000

Jehan et al. -2000 -3.437 -0563 0.008 =

Josephetal. -3.400 -4957 -1.843 0.000

-3.242 -4.458 -2027 0.000
-8.00 4.00 0.00 4.00 8.00

Favors PCC+FFP  Favors FFP alone

Random-effects analysis T=0.873

(B) PCC+FFP v.s. FFP alone | plasma transfusion

Study name Statistics for each study Difference in
Difference Lower Upper means and 95% Cl
inmeans limit limit p-Value

Zeeshanetal -3.000 -3462 -2538 0.000 -

Jehanetal. -2000 -2903 -1.097 0.000 -

Josephetal -1.100 -1.582 -0618 0.000 -

-2036 -3.350 -0722 0002 -

-8.00 4.00 0.00 4.00 8.00

Favors PCC+FFP  Favors FFP alone

Random-effects analysis T=1.113

(C) PCC+FFP v.s. FFP alone | platelet transfusion

Study name: Statistics for each study Difference in
Difference Lower Upper means and 95% Cl
inmeans limit limit p-Value

Zeeshanetal 0.000 -0462 0462 1.000 . |

Jehanetal, 0000 -1.139 1.139 1.000

Joseph et al, 0300 0946 0346 0363 - l

-0092 -0448 0265 0615 -

-2.00 -1.00 0.00 1.00 2.00

Favors PCC+FFP Favors FFP alone

Random-effects analysis T=0,000
Fig. 4. Forest plot for transfusion need of patients who received either prothrombin complex concentrate (PCC) +
fresh-frozen plasma (FFP) or FFP alone. (A) Packed red blood cell (pRBC) transfusion; (B) plasma transfusion; (C)

platelet transfusion.””*
CI: confidence interval.
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PCC+FFP v.s. FFP alone | DVT

Study name Statistics for each study DVT / Total od % CI

Odds Lower Upper

ratio limit limit p-Value PCC+FFP FFP

Zeeshaneta. 0.602 0.245 1.480 0.269 8/234 13/234 ==
Jehanetal. 2026 0123 33.252 0.621 1740 1/80
Josephetal. 1508 0.134 16918 0.739 1/63 2/189

0738 0329 1.654 0.460 e

0.01 | 0.1 1 10 100
Favors FFP alone Favors PCC+FFP

random-effects analysis, T=0.000

Fig. 5. Forest plot for the incidence of deep vein thrombosis (DVT) in patients who received either prothrombin

complex concentrate (PCC) + fresh-frozen plasma (FFP) or FFP alone.

CI: confidence interval.

uting to the improvement of mortality.

Of notice, in the PCC + FFP group, the need
for subsequent transfusion of pRBC and plasma, but
not platelet, was effectively reduced. The lethal triad
of TIC included coagulopathy but not thrombocyto-
penia.”* Literature also demonstrated thrombocyte
counts were usually maintained at the level that is not
enough to cause clinically significant coagulopathy
in early TIC.” Mobilization of platelets from spleen
or bone marrow while ongoing bleeding was hypoth-
esized, and the platelet over red blood cell ratio was
not related to mortality.”® Together, these explained
infrequent platelet transfusion as we reviewed. Stud-
ies specifically designed to delineate the behavior of
platelets and their corresponding relevance would be
mandated.

Besides, orchestrating the clotting profile raised
the concern of hypercoagulation. Venous thrombo-
embolism is a well-established adverse event of PCC
infusion. Felton et al.”’ illustrated administering PCC
against Warfarin-associated intracranial hemorrhage
in patients with a previous history of DVT and/or
pulmonary embolism brought about a 4.5-fold risk of
thrombosis within 30 days. Likewise, Maguire et al.**
enrolled 313 subjects who were indicated for urgent
Warfarin reversal in emergency rooms. A statistically
higher number of venous thromboembolism incidence
in 1 month was noted if PCC was given as compared
with FFP, marking the necessity to evaluate patient’s
baseline characteristics to evaluate the introduction
of FFP. However, concomitant administration of PCC
and FFP was not discussed in these studies. Our me-
ta-analysis suggested adding PCC to FFP does not
further increase DVT incidence. The overall occur-

19-21

rence of thrombosis was also low, arguing the benefit
of PCC + FFP in acute traumatic settings exceeded
the increment of thrombogenic menace.

There are several limitations regarding our anal-
ysis. First, due to scarcity of literature on PCC against
TIC, only 3 retrospective studies eventually fulfilled
inclusion criteria and no randomized trial was thus far
available. Second, studies were all conducted among
Caucasians. Future studies with an extended ethnic
background are therefore warranted. Third, INR does
not depict the overall picture of coagulation. Valida-
tion with additional parameters to enhance accuracy
is mandatory. Finally, our meta-analysis deduced the
prognostic impact from intervention, yet the causal
relationship in-between required further elucidation.
Together, studies with more comprehensive patient
enrollment and longer follow-up would better deter-
mine the role of PCC against TIC.

As for future perspectives, refining PCC formula
and cultivating practice protocol are urgently needed
to better manage TIC. As trauma remained the leading
cause of death and permanent disability among indi-
viduals under 40 years of age,” who committed as the
main human power in contemporary society, curbing
subsequent hypoperfusion and eventual target organ
failure is paramount to improve prognosis. Aside from
the crystalloid bolus challenge that potentially aggra-
vated coagulopathy, augmentation of clotting factors
in an optimized fashion, currently FFP in addition to
traditional FFP, brings about survival benefits. Further
understanding of the detailed mechanism will assist
in the development of the infusion concentrate of new
generation.
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Conclusions

Based on our meta-analysis, we demonstrated
that administering PCC in addition to FFP effectively
improved all-cause mortality, reduced the need for
further pRBC as well as plasma transfusion, and ac-
celerated INR correction. No escalation in the risk of
thromboembolism was accompanied. Future compre-
hensive trials would be warranted to further pinpoint
the clinical role of PCC in facilitating coagulation.
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