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[bookmark: bmFirstPageTitle]Rapid Reversal of Anticoagulation in Traumatic Brain Injuries Complicated by Warfarin
Significance of the Problem
[bookmark: C420956260300926I0T420956307986111][bookmark: C420956260300926I0T420956328240741][bookmark: C420974258333333I0T420974577777778][bookmark: C420956260300926I0T420974614814815]Traumatic brain injuries (TBI) account for 2.5 million emergency department visits and approximately 52,000 deaths annually (Center for Disease Control and Prevention  [CDC], 2014).  Adults over the age of 75 have the highest rate of hospitalization and death related to TBIs; 80% of TBIs in this age group are caused by falls (CDC, 2014).  TBIs in older adults can be devastating, particularly for patients prescribed warfarin therapy.  Mortality at one month following TBI in the older adult population is 40% (Van Asch et al., 2010), and as high as 67% for patients who are taking warfarin (Flaherty et al., 2009, Cucchiara, Messe, Sansing, Kasner, & Lyden, 2008, Dowlatshahi et al., 2012). Only about 12-39% of patients are able to function independently one year after sustaining a TBI (Van Asch et al., 2010).  The estimated cost of direct and indirect medical care of TBI in 2010 was $76.5 billion, and permanent disability contributes to this incredible healthcare and economic burden (CDC, 2014).  
[bookmark: C420974718981481I0T420974764699074][bookmark: C420956826273148I0T420956850000000]The projected growth of Americans over the age of 65 is unprecedented.  In the next 25 years this population will double to 72 million, accounting for 20% of the United States population by the year 2030 (Centers for Disease Control and Prevention [CDC], 2013).  As the older American population grows, the prevalence of age-related conditions that require anticoagulation such as atrial fibrillation, deep vein thrombosis, and stroke will increase as well. Between 2007 and 2011 there were approximately 34 million prescriptions for warfarin written annually, making it the most commonly prescribed anticoagulant in the United States (IMS Institute for Healthcare Informatics [IMS health], 2012).  
[bookmark: C420975887037037I0T420976014467593][bookmark: C420976083449074I0T420976111226852]The mainstay of treatment for TBI in patients on warfarin therapy is rapid normalization of the international normalized ratio (INR), and historically fresh frozen plasma (FFP) transfusion and vitamin K administration was considered standard of care (Yanamadala et al., 2014).  The advantages of prothrombin complex concentrate (PCC) over FFP for INR reversal are well documented throughout the literature.  However, most recent antithrombotic guidelines only give a grade 2C recommendation for the use of PCC for warfarin reversal, indicating a weak recommendation with low quality evidence (Holbrook et al., 2012). Questionable outcome data, the risk for thromboembolic events, and cost ($4000-$5000 to fully reverse an average adult) have interfered with PCC becoming standard of care for emergent warfarin reversal.  Although research on this topic is still in its infancy, the evidence has grown exponentially since the publication of the most recent guidelines.  The purpose of this paper is to provide readers with a review the most recent literature, including available outcome data, and provide evidenced based treatment recommendations.  
Discussion of the Problem
[bookmark: C420974942013889I0T420974963888889][bookmark: C420976708217593I0T420976728935185][bookmark: C420974942013889I0T420975273726852][bookmark: C420974942013889I0T420975329745370]There are several factors that contribute to the morbidity and mortality of TBI, but in patients taking warfarin, hematoma expansion and overall hematoma volume is particular important (Majeed et al., 2014).  The preexisting coagulopathy in patients taking warfarin likely promotes hematoma expansion for a longer period of time; rapid and complete warfarin reversal is essential.  The definition of complete warfarin reversal varies among institutions, but throughout the literature it is generally accepted as an INR of less than 1.2-1.4 (Roguski, Wu, Riesenburger, & Wu, 2013).  Reversal of the vitamin K antagonist can be achieved by vitamin K administration, (FFP) transfusion, activated factor VII, and the administration PCC (Majeed et al., 2014).  It takes 12-24 hours for vitamin K to fully reverse warfarin. Therefore isolated use of vitamin K for emergent reversal in the setting of a TBI is inappropriate (Majeed et al., 2014). 
[bookmark: C420994357754630I0T420994463541667][bookmark: C421007967824074I0T421008232754630][bookmark: C421007550000000I0T421007599305556][bookmark: C420994357754630I0T421006915856482][bookmark: C421014254282407I0T421014303009259][bookmark: C421014556712963I0T421014573958333][bookmark: C421014609259259I0T421014622222222] FFP transfusion has associated risks and limitations that potentially make it inferior to PCC.  The most common method of thawing FFP is in a water bath over 20-30 minutes; this required thawing time may delay administration (Nascimento et al., 2010).  Transfusion associated circulatory overload is a risk factor of FFP administration, especially in a patient population that may have preexisting heart failure.  In a 70-kilogram adult, one unit of FFP will correct clotting factors by 2.5-5%; the literature suggests that the volume of FFP required to reduce the INR below 1.4 varies between 800 mL and 3500 mL (Steiner et al., 2011).  Transfusion related acute lung injury (TRALI) is characterized by hypoxia, respiratory distress, and bilateral pulmonary infiltrates that occur within six hours of transfusion (Schmidt & Adamski, 2012).  TRALI is the most common cause of transfusion-related death and is FFP is the most likely blood product to cause TRALI (Nascimento et al., 2010).  A major limitation of FFP is incomplete reversal of INR.  Kuramatsu et al., found reduced rates of intracranial hematoma enlargement when INR was corrected to less than 1.3 (Kuramatsu et al., 2015), however FFP administration is unlikely to achieve this.  Data suggests that FFP has minimal effect on mildly elevated INR (1.3-1.6) transfusion will not reliably decrease INR below 1.7 (Wahab Ol, Healy, & Dzik, 2006, Holland & Brooks, 2006).
[bookmark: C420975596875000I0T420975615046296][bookmark: C420975887037037I0T420993921296296][bookmark: C420975694328704I0T420975724305556][bookmark: C420975596875000I0T420975727893518][bookmark: C420975734953704I0T420975772800926][bookmark: C420975775694444I0T420975804050926][bookmark: C420975887037037I0T420975910879630]PCCs are concentrated plasma products prepared from pooled plasma agents.  Both 3-factor and 4-factor PCCs have been utilized for warfarin reversal, but current practice in United States uses a 4-factor PCC, specifically Kcentra.  Kcentra was approved in April of 2013 for the reversal of warfarin; it contains factors II, VII, IX, and X, antithrombin III, antithrombotic proteins C and S, and a small amount of heparin (Le Roux, Pollack, Milan, & Schaefer, 2014).  The clotting factor activity in one milliliter of this reconstitutable powder is equal to approximately ten milliliters of FFP (Yanamadala et al., 2014).  Kcentra dosing is based on the patient’s weight and INR, and vary from 25-50 units/kg.  The maximum infusion time is 8.4 mL/minute, or about 21-25 minutes (Kcentra.com).  Decreased time to INR reversal with the use of PCC versus FFP is well documented throughout the literature (Kalina, Tinkoff, Gbadebo, Veneri, & Fulda, 2008, Le Roux et al., 2014, Frontera et al., 2014, Edavettal, Rogers, Rogers, Horst, & Leng, 2014, and Yanamadala et al., 2014).  However the literature is lacking outcome studies and randomized control trials in the setting of TBI. TBIs complicated by warfarin have high mortality rates and poor outcomes even with INR reversal, leaving some clinicians leery to prescribe a very costly product with presumed thromboembolic risk without strong evidence.  
Literature Review 
[bookmark: C421015751157407I0T421015798958333]	An extensive literature review limited to four factor PCCs revealed two prospective randomized control trials regarding the use of PCCs, however they are not specific to TBIs. Sarode et al conducted a prospective, randomized, open-label, active-controlled, non-inferiority phase IIIb trial at 36 sites across the United States and Europe to compare non-activated 4-factor PCC (Kcentra, Beriplex in Europe) to FFP for urgent warfarin reversal in patients with major bleeding.  Acute major bleeding was defined as any one of the following: life-threatening or potentially life-threatening (according to the treating physician), acute bleeding with a >2 gram/deciliter decrease in hemoglobin, and bleeding that required blood transfusion.  Patients with intracranial hematoma were included, however multiple exclusion criteria applied to this population which ultimately excluded very severe bleeds.  There were two primary end points: 1) hemostatic efficacy of the intervention (FFP or PCC) assessed over a 24-hour period from the start of the infusion 2) Rapid INR reduction to less than or equal to 1.3, 30 minutes after the end of the infusion (Sarode et al., 2013).  There were multiple secondary end-points, those applicable to this paper are all cause mortality, hospital length of stay, time from start of infusion until INR correction, and safety and tolerability of FFP and PCC.  
[bookmark: _GoBack][bookmark: C421015751157407I0T421016234259259]There were 216 patients included, 103 in the 4-factor PCC group and 109 in the FFP group.  The mean age in both the FFP group and the PCC group was 69 years old.  Women accounted for 48% of the PCC group and 53% of the FFP group.  Gastrointestinal bleeding accounted for 57% of bleeding, intracranial hemorrhage 11%, and musculoskeletal were 6.4% of bleeds.  All patients had an INR greater or equal to 2.0 and all patients received vitamin K in addition to FFP or PCC.  Patients in the FFP group with an initial INR of 2-4, 4-6, >6, received 10 mL/kg, 12mL/kg, and 15mL/kg respectively of FFP.  Patients in the PCC group received weight based and INR dependent dosing as recommended by the manufacturer.  Rapid INR correction (INR <1.3 at 30 minutes after the completion of the infusion) was achieved in the PCC group, versus 9.6% in the FFP group (p <0.0001).  More significant to patients with TBI is time to INR correction.  At one hour, 69% of patients in the PCC group had and INR of less than 1.3, versus none of the patients in the FFP group.  Effective hemostasis rated as excellent or good by an independent blinded Endpoint Adjudication Board, was achieved in 72.4% of the PCC group and 65.4% of the FFP group indicating non-superiority.  Adverse events in each group were similar and this study did not find evidence of increased thromboembolic events with the use of PCC.  Mortality rates in each group was similar, 30 days after infusion there were 6 deaths in the PCC group and 5 deaths in the FFP group (Sarode et al., 2013).  
This study is potentially limited by it’s funding.  CSL Behring (the company that produces Kcentra) funded the study, two of the authors work for CSL Behring, and the lead investigator received consulting fees and honoraria from CSL Behring.  The exclusion criteria for patients with intracranial hemorrhage were extensive, including but not limited to epidural hematoma, intraventricular extension of hemorrhage, Glasgow coma scale score less than 7, and midline shift greater than 5mm.  It is not uncommon for a patient with a TBI complicated by warfarin to present with these features. Excluding them from this study makes it difficult to apply their findings to patients with TBI.  Patients with intracranial hemorrhage in this study could not be examined in isolation as the study was not powered adequately, further limiting applicability to the TBI population.  This study was the first randomized clinical trial comparing FFP and PCC for the urgent reversal of warfarin in patients with major bleeding.   This study provides statistically significant data suggesting that PCC normalizes INR considerably faster than FFP and also provides important data on the safety profile of PCC.  There were similar rates of adverse events in each group. Thromboembolic events have historically be a concern with PCC administration.  This study found that thromboembolic events were not higher in the PCC cohort
[bookmark: C421016752430556I0T421016810069444][bookmark: C421016752430556I0T421016947569444]A recent retrospective cohort study by Hickey et al. compared the efficacy and safety of FFP and Octaplex (4-factor PCC).  Researches reviewed the Medical records of patients who were treated with FFP or Octaplex for emergency reversal of warfarin in two tertiary emergency departments in Canada (Hickey et al., 2013).  A total of 314 patients were included in the study, 149 patients received FFP and 165 patient received Octaplex.  Patients included in the study were 18 years of age or older, taking warfarin, and received FFP or Octaplex in the emergency department for active bleeding or before an emergency procedure.  Majority of the patients presented with intracranial hemorrhage or gastrointestinal bleeding.  Patients in the PCC group received the institutions’ standard dose of 40 international units (IU) of Octaplex regardless of patients’ weight or baseline INR.  The FFP group received variable amounts of FFP to correct INR, this group was presumed to receive “usual clinical care with regard to resuscitation and transfusion as determined by the most responsible physician” (Hickey et al., 2013, p. 361).  The primary outcome was the incidence of serious adverse events within 7 days, including death, ischemic stroke, myocardial infarction, heart failure, venous thromboembolism, and peripheral arterial thromboembolism.  Secondary outcomes included time to INR reversal (INR <1.5), hospital length of stay, and number of units of packed red blood cells transfused within 48 hours.  
This study also demonstrated a significantly reduced median time to INR reversal.  The median time to INR reversal in the FFP group was 11.8 hours and 5.7 hours in the PCC group (P< 0.0001).  Adverse events were lower in the PCC group when compared with the FFP group, 9.7% versus 19.5% respectively (p = 0.120).  The volume of FFP required to reverse INR is one of the main concerns that encourages providers to use PCC and heart failure accounted for 4 of the adverse events in the FFP group; there were no cases of heart failure in the PCC group.  The caveat to this result in particular is that 33% of the FFP patients had baseline heart failure, compared to 19.4% in the PCC group.  Interestingly, there were no thromboembolic events of kind in the PCC group and only one in the FFP group.  The average hospital length of stay was slightly lower in the PCC group; four days versus five days (P= 0.245), while not statistically significant, it may have role in cost value analysis between the two therapies.  
There are several limitations to this study.  Although authors attempted to keep the two groups similar, there were more patients with intracranial hemorrhage in the FFP group than the PPC group, and more patients needing INR reversal for a procedure in the PCC group.  This skews outcome data, as the mortality rate patients with intracranial hemorrhage is likely far lower than patients undergoing a procedure.  The retrospective nature of this study is also a limitation, as it doesn’t allow for standardization of the timing of interventions.  Finally, FFP dosage was variable and not really discussed, and PCC dosing was standardized at 1000 IU regardless of weight or INR, which is atypical prescribing practice.  This study demonstrates rapid INR reversal with PCC versus FFP and may implicate improved safety of PCC versus FFP.  Hospital length of stay was slightly shorter in the PCC group, which may help to equilibrate the cost of the overall hospital stay, for those who are discouraged to use PCC secondary to its high cost.
[bookmark: C420975887037037I0T421034541666667][bookmark: C420975887037037I0T421034755092593]A recent prospective, observational study specific to patients with TBIs and intracranial hemorrhage while taking warfarin also compared FFP to PCC (Kcentra) and time to INR reversal (less than 1.6).  The study was done at a single tertiary care center in Massachusetts.  Patients were given either FFP or PCC at the discretion of the treating physician; 33 patients were included in the study, 28 received FFP and five received PCC (Yanamadala et al., 2014).  INR at time of presentation was similar between the FFP and PCC group (2.9 and 3.1 respectively).  Of the five patients who received PCC, two of them had TBIs and the rest of the patients had spontaneous intraparenchymal or intraventricular hemorrhages.  Time to INR reversal in the PCC group was 65 minutes and 256 minutes in the FFP group (p <0.05).  One surgical intervention was required in the PCC group; the time delay to performing the operation was shorter in the patient who received PCC when compared to the FFP group (159 minutes and 307 minutes respectively) (p <0.05).  The authors did not collect data on adverse effects or patient outcomes.  One major limitation of this study is the small sample size of patients who received PCC.  Another issue that leads the reader feeling mislead is that three of the five patients in the PCC group also received FFP in addition to the PCC.  This is not discussed at all by the authors and only included in table format.  There is no discussion regarding volume of FFP, time delay to FFP transfusion, or frequency of INR collection; nor do the authors discuss what they perceived to be the limitations of their study.  From the results of this study authors developed recommendations on the types of intracranial pathology that warrant the use of PCC: Any patient with moderate to severe TBI (GCS < 13) and intracranial hemorrhage of any size; “any patient suffering from intracranial hemorrhage that meets, or is at risk of meeting criteria for urgent or emergent neurosurgical intervention, regardless of presenting or current GCS; any patient scheduled to undergo an emergency neurosurgical procedure within a four hour time period” (Yanamadala et al., 2014).  
[bookmark: C420974942013889I0T421034839351852][bookmark: C420974942013889I0T421039252430556]The largest outcome study on 4-factor PCC administration in patients with intracranial hemorrhage complicated by warfarin was done by Majeed et al.  This study sought to investigate whether INR reversal using PCC affects 30-day mortality rates (Majeed et al., 2014).  A multicenter retrospective study included 135 patients (mean age 73.4 in the PCC group and 72.8 in the FFP group).  Patients were included if they had a radiological verified intracranial hemorrhage, INR of 1.6 or greater, and were on warfarin therapy.  There were 35 patients who received FFP and 100 patients who received PCC.  Intracranial hemorrhage was secondary to trauma in only 31.8% of cases. The study was conducted at three tertiary hospitals in Canada, Sweden, and The Netherlands.  The main modality of INR reversal was PCC at the time of the study in The Netherlands and Sweden, and FFP in Canada.  The median doses of PCC and FFP given were 1,750 units and 4 units respectively and all patients received vitamin K (5-10 units intravenously).  An investigator at each site reviewed all charts for patient characteristics and the volumes of intracerebral hemorrhages were calculated based off computed topography (CT) images of the head.  Patients in the FFP group had higher rates of diabetes (40% vs. 18% of the PCC group, p=0.008), larger hematoma volume on initial CT (FFP group 64.5cm3 vs. PCC group 36.0 cm3, p = 0.021), and were more likely to be on concomitant antiplatelet therapy (26% vs. 7%, p = 0.008).   Intraventricular extension of an intracranial hemorrhage can be a poor prognostic indicator (Majeed et al., 2014).  The FFP group also had a higher prevalence of intraventricular extension of the hematomas; 60% versus 32% in the PCC group (p = 0.004).   A total of 51(38%) patients died within 30 days; 54% (19 patients) of the FFP group and 32% (32 patients) of the PCC group.  The authors of this study recognized an imbalance of patient characteristics between the FFP and PCC groups.  Authors conducted a step-wise logistic regression analysis that adjusted for imbalances in prognosis.  After adjusting for hematoma volume, localization of the bleed, and age, PCC for the reversal of INR did not have a statically significant effect on mortality.  However, the small sample size lead to a wide confidence interval, therefore these results may be clinically significant.  Limitations of this study include small sample size, retrospective design, and lack of standardized treatment protocol.  Many studies compare time to INR reversal in patients with warfarin associated bleeding who receive either PCC or FFP, but it is not clear if more rapid correction of INR changes patient outcomes.  This study is one of the few that compares PCC versus FFP and clinical outcomes in patients with warfarin-associated intracranial hemorrhage.  
[bookmark: C421044266435185I0T421044288773148]Data clearly suggests that 4-factor PCCs correct INR faster and more efficiently. The widespread use of PCC for INR reversal in the United States has not been fully embraced, in part because of safety concerns, particularly the risk for thromboembolic events.  European countries have been using 4-factor PCC (known as Beriplex in Europe, identical to Kcentra) since its approval in 1996.  Hanke et al., performed a retrospective review of the global pharmacovigilance database of CSL Behring (producer of Beriplex) between February 1996 and March 2012 (Hanke, Joch, & Gorlinger, 2013).  Sources included were spontaneous reports, published case reports, investigator-initiated clinical trials, and non-interventional post-authorization studies.  During the observation period a total of 1,294,500, 900 IUs of Beriplex were administered.  Authors presumed an average dose of 2000 IU per patient; this equates to approximately 647,250 infusions of Beriplex.  There were no reports of viral transmission or heparin induced thrombocytopenia.  There were 21 cases of thromboembolic events possibly related to Beriplex.  However in 13 of these cases, Beriplex was administered for anticoagulant reversal. Presuming that patients are on an anticoagulant for condition that increases their thrombogenicity, reversal of INR by any modality comes with a risk of a thromboembolic event.  This review reveals an excellent safety profile for 4-factor PCCs, with a serious event occurring in only one out of 31,000 doses.  One limitation of this review is the concern for under-reporting of adverse events.  It is likely that some events go unreported because it is difficult to determine if thrombosis are related to PCC administration or the patients’ prothrombotic underlying condition for which they were receiving anticoagulation therapy originally.  All authors receive honoraria and travel expenses from CSL Behring and one author is an employee of CSL Behring, which may contribute to some level of bias.  
Discussion 
[bookmark: C420975734953704I0T421044873958333][bookmark: C420975775694444I0T421044880439815][bookmark: C420974942013889I0T421044877430556][bookmark: C421014254282407I0T421044886458333]	The above review of literature clearly establishes the superiority of 4-factor PCC over FFP for normalizing INR in patients who are taking warfarin.  What has not been established is whether or not rapid INR reversal changes clinical outcomes patients who sustain a TBI while taking warfarin.  This is typically an older patient population, with multiple comorbidities, who are often going to do poorly regardless how fast the INR is corrected.   There are studies that suggest that rapid INR reversal decreases hematoma expansion, hematoma volume, and rates of rebleeding (Edavettal et al., 2014, Frontera et al., 2014, Majeed et al., 2014, Kuramatsu et al., 2015), however significant improvement in outcomes were not established in these studies.  Unfortunately the effects that PCC has on patient outcomes is difficult to study.  The varied baseline characteristics of this population make it difficult to compare interventions and determine efficacy and outcomes.  Furthermore, no two TBIs are the same, and neurologic recovery is not always consistent with imaging.  
[bookmark: C420976083449074I0T421045016319444][bookmark: C421044266435185I0T421045036226852]One must consider the following question: Should we be waiting for outcome data before we replace FFP with PCC for the reversal of warfarin in patients with TBI?  The standard of care for these patients is INR reversal and failure to do so has catastrophic consequences (Holbrook et al., 2012).  Research has clearly established the efficacy of rapid INR reversal with 4-factor PCC, and it is well documented that PCC reverses INR significantly faster than FFP.  The safety of PCC has also been established (Hanke et al., 2013).  To account for under-reporting of serious adverse events, even if the adverse events from the Hanke et al. reviewed are tripled, that equates to a one in 10,333 chance of sustaining a serious thrombotic event.  
[bookmark: C421045164467593I0T421045177199074][bookmark: C421045215856481I0T421045233564815][bookmark: C421045215856481I0T421045264583333][bookmark: C421045215856481I0T421045459953704][bookmark: C421045334490741I0T421045350115741][bookmark: C421045391435185I0T421045406712963]Literature has also established the safety profile of FFP administration.  The risk of contracting human immunodeficiency virus (HIV), hepatitis C, and hepatitis B from a transfusion is 1 in 2.3 million, 1 in 1.8 million, and 1 in 350,000 respectively (Dodd, 2007).  All blood products have the potential to be contaminated by bacteria, which can lead to sepsis.  Approximately one in 3000 units of blood product are contaminated by bacteria.  Although a rare event, 14% of transfusion reported deaths between 2001 and 2003 in the United States were secondary to bacterial contamination (Hendrickson & Hillyer, 2009).  Allergic reactions including hives, edema, puritis, andgioedema, and anaphylaxis occur in one out of every 20,000-50,000 transfusions (Hendrickson & Hillyer, 2009).  Transfusion associated circulatory overload (TACO) occurs in 1% of transfusions (theoretically higher in the elderly population secondary to age related cardiac function decline).  A recent study performed at a large U.S hospital found the prevalence of TACO to be one out of 68 patients (Hendrickson & Hillyer, 2009).  TRALI is the leading cause of transfusion-related mortality in the United States.  The true incidence of TRALI is unknown due to poor recognition of the disease.  Studies report incident ranges from 1 in 7,900 units to 1 in 432 units with a mortality rate of five to eight percent (Kim & Na, 2015).  In France, transfusion related adverse event reporting is mandatory.  In 2010, the incidence of FFP related adverse events was 1 in 1700 units (Pandey & Vyas, 2012).  FFP transfusion is clearly not without risk.
Based on the above review of the safety profile of PCC and FPP, data seems to suggest that using PCC for the reversal if warfarin, results in fewer adverse events.  Yet PCC remains underutilized in the United States.  The difference in cost between PCC and FFP may deter clinicians away from using PCC; the cost to normalize INR in an average adult is approximately $4000.00 (Kcentra.com), while a unit of FFP costs approximately $200.  There have not been strong cost-effective analyses comparing FFP and PCC, but recall that the annual price of TBI in the United States is 76 billion dollars.  The money saved by using FFP is likely inconsequential considering the entire cost of caring for these patients.  
Role of the AG-ACNP
[bookmark: C421046254745370I0T421046266435185][bookmark: C421044266435185I0T421046331481481]As the population ages, the use of warfarin and other anticoagulants will likely increase, and unfortunately so might the incidence of TBIs complicated by warfarin.  The ACNP has an important role in managing TBIs complicated by warfarin.  It is important to note however that prescribing designation for PCCs must be addressed in the ACNP’s standard care arrangement with the collaborating physician (Ohio Board of Nursing [OBN], 2014).  INR reversal can be accomplished a variety of ways and PCC has not been entirely embraced in the United States despite its safety profile.  However there are certain patients for which Kcentra is contraindicated including patients with known heparin-induced thrombocytopenia, patients with disseminated intravascular coagulation, and patients with known severe systemic reactions to any of Kcentra’s components.  It should be used very cautiously with women who are pregnant (Kcentra).  The ACNP must utilize the principle of non-maleficence and ask appropriate questions prior to prescribing PCCs.  Historically PCCs were associated with higher thromboembolic rates, but with the addition of heparin and antithrombin III, thromboembolic events are rare (Hanke et al., 2013).  Not all providers are aware of the safety profile of PCC and continue to be reluctant to use it.  Teaching is an important role for AG-ACNPs, he/she can promote appropriate use of PCCs ensure that colleagues are abreast with current literature and guidelines.  The AG-ACNP can also help to facilitate further research on the use of 4-factor PCCs in TBI complicated by warfarin, specifically clinical outcome studies and cost analysis.
Conclusion
For patients taking warfarin who sustain a mild, moderate, or severe TBI, 4-factor PCC is recommended over FFP.  PCC provides more effective and rapid INR reversal without increased risk of thromboembolic events when compared to FFP transfusion.  Although improved outcomes have not been adequately studied, the risk of transfusion related complications associated with FFP and inferiority of the rate of INR reversal when compared to PCC provides enough evidence to recommend its use.   
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