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Abstract

Aim: [t is important to determine which of the treatment options applied in the emergency department is more effective and usable
in coagulation pathologies. In this study, we aimed to evaluate the efficacy and safety of fresh frozen plasma (FFP) and prothrombin
complex concentrate (PCC), which are used in the treatment of high hemostasis parameters in the emergency department.

Methods: This retrospective study included 103 patients who were admitted to the emergency department between January 2019
and December 2020. All data were obtained from the hospital automation system. While the patients were divided into two groups
(FFP-PCC) according to the treatment option they received, they were also divided into three groups (DED-RSH-ISH) according to
hospitalization status. With this data, treatment efficacy and outcomes were analyzed.

Results: The mean age of 103 patients was 67.31+13.17 years, with 58 (56%) females and 45 (44%) males. 51 (49.5%) of the
cases received FFP and 52 (50.5%) PCC treatment. While the international normalized ratio (INR)1 value before the treatment was
7.56+4.09 and 2.42+1.01 after the treatment in the FFP group, the INR1 value was 10.12+5.18 and INR2 1.95+0.71 in the PCC group.
The percentage of INR decrease was 60.28+19.76 (%) in the FFP group, and 73.41+17.42 (%) in the PCC group (p=0.001). In receiver
operating characteristic curve analysis, the sensitivity and specificity of FFP and PCC decreased significantly in INR%.

Conclusion: FFP is preferable in this regard to FFP because it is easier to apply, has a faster effect, and provides better values in
coagulation parameters.
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Introduction

Inthe emergency department, abnormal bleeding can be
seen in patients due to defective hemostasis mechanisms.
In addition to drug use, conditions such as liver disease
and kidney failure can increase the potential for abnormal
bleeding (1). In recent years, there has been an increase
in the number of patients admitted to the emergency
department with warfarin-related complications. Warfarin is
important for emergency physicians because it is associated
with bleeding complications when the therapeutic range is
exceeded and its interactions with drugs are frequent (2).
The frequency of emergency department admissions as a
result of developing complications is also mentioned. It is
also stated that the risk of life-threatening or fatal bleeding
is between 1-3% (3,4).

The International Normalized Ratio (INR) is used as a
follow-up parameter for warfarin treatment effectiveness.
These INR values reflect the extent of anticoagulation
that minimizes the risk of serious bleeding while reducing
morbidity from thromboembolic disease. For most
indications, the INR range of 2-3 is used. Patients with high
INR values, asymptomatic or with accompanying bleeding
findings, are frequently evaluated in the emergency
department (5,6).

To achieve this, fresh frozen plasma (FFP) and
prothrombin complex concentrates (PCC) are used
today. Both have their advantages and disadvantages.
FFP is plasma obtained by separating whole blood from
erythrocytes and platelets and freezing within eight hours
after collection. FFP is suitable for rapid replacement in
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multiple coagulation deficiencies such as hepatic failure,
warfarin overdose, disseminated intravascular coagulation,
and massive transfusion in patients with bleeding. While it
has very positive effects when used by its indication, it can
also lead to serious complications related to transfusion
when used off-label (7). In addition, PCC can be given to
patients with high INR to relieve symptoms or in cases
where an urgent invasive procedure is required. The use of
PCCs containing vitamin K-dependent coagulation factors
is also recommended, especially in order to reverse the
anticoagulant effect associated with the use of warfarin,
due to its advantages such as rapid improvement in INR
level, shorter administration time, and higher amount of
factors than normal plasma (8-10).

It is seen that the use of PCC has become widespread,
especially recently, and accordingly, studies conducted
both in isolation and in the form of comparisons with FFP
have increased. These studies include trauma or surgical
process patients as well as emergency department
patients. Both applications are used as treatment options
for bleeding disorders, which are a very common reason
for admission. Opinions are different about their supply,
application times, and ability to provide the desired
effectiveness, and the researches continue increasingly.
This important and common issue has also encouraged us
to work on which treatment is more appropriate (11-14).

In our study, we aimed to evaluate the effects of
demographic characteristics, warfarin use, admission
complaints, as well as the effects of FFP and PCC
treatments on hemostasis values of patients with high INR
levels in the emergency department.

Methods

Compliance with Ethical Standards

The study was carried out in the University of Health
Sciences Turkey, Istanbul Bagcilar Training and Research
Hospital Emergency Medicine Clinic, in accordance with
the Helsinki Declaration rules, after the approval of the
local ethics committee (decision date and number:
03.05.2021-190).

Study Design and Population

In this retrospective study, 103 patients who were
older than 18 years old, had an INR value above 2, were
treated with FFP or 4-factor PCC (Cofact®, defined as the
third generation) and did not meet any of our exclusion
criteria, were admitted to the emergency department
between January 2019 and December 2020 (58 women,
45 men; mean age 67.31+£13.17 years; range 24-88 years,
56.3% women) were included.

Patients with known chronic liver and kidney disease,
severe anemia, and malignancy, in addition to patients
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with deficiencies in admission and discharge hemostasis
parameters and observation data, were excluded from
the study.

Patients were divided into 2 groups according to
whether they received FFP or PCC treatment in the
emergency department. In addition, the patients were
divided into 3 groups according to their discharge from
the emergency department and hospitalization in the
service and intensive care units.

Demographic information of patients from hospital
records, comorbidity status, admission complaints, drug
use, admission complaints, FFP or PCC treatment status,
doses, type of complication if developed (within 24
hours), prothrombin time (PT) before and after treatment,
activated Partial Thromboplastin Time (aPTT), INR values,
and outcome patterns of the patients (admission,
discharge, and death) were recorded. Pre-treatment values
were recorded as aPTT1, PT1, INR1, and post-treatment
values were recorded as aPTT2, PT2, INR2, according to
the results of the sample taken at the 15™ minute after
treatment. The percentages of decrease in INR were
calculated and recorded as “decrease of INR%".

Statistical Analysis

Version 21.0 (released in 2012 by IBM Corp.) of the
IBM SPSS Statistics for Windows program (Armonk, NY:
IBM Corp.) was used in the analysis. Continuous data were
presented as mean standard deviation, while categorical
data were presented as a percentage (%). The Shapiro-Wilk
test was used to investigate the conformity of the data
to the normal distribution. In the comparison of normally
distributed groups, an independent sample t-test analysis
was used for cases with two groups. The Mann-Whitney U
test was used for cases with two groups in the comparison of
the groups that did not conform to the normal distribution.
For the normally distributed variables, Pearson correlation
coefficients were calculated to determine the direction and
size of the relationship (correlation) between the variables.
Chisquare analyses were used in the analysis of the created
cross tables. A receiver operating characteristic (ROC) curve
analysis was performed to determine the effectiveness
of treatment options. A value of p<0.05 was considered
significant for statistical significance.

Results

Of the 103 patients with elevated hemostasis
parameters, 58 (56%) were female and 45 (44%) were
male. Seventy-seven of the patients (74.8%) had a history
of warfarin use. 51 (49.5%) of the patients received FFP
and 52 (50.5%) PCC treatment. While 47 (45.6%) patients
applied due to hemorrhage, this was followed by 13
(12.6%) patients for laboratory follow-up. No treatment-
related complications developed in any of the patients. Of
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the patients with bleeding, 8 (7.8%) had hematemesis, 9
(8.7%) had melena, 6 (5.9%) had hematochezia, and 8
(7.8%) had hematuria (Table 1).

The mean age of 103 patients who received FFP or
PCC treatment was 67.31+£13.17 years. INR2 values were
2.42+1.01 in the FFP group and 1.95+0.71 in the PCC
group. The correlation of recorded PT and INR values
with applied treatment options was significant. The
percentages of decrease in INR after treatment were
66.91+£19.66 (%) in all groups, 60.28+19.76 (%) in
the FFP group, and 73.41+£17.42 (%) in the PCC group
(p=0.001, Table 2).

According to the hospitalization status of the patients;
47 (45.6%) were discharged from the emergency
department (DED), 49 (47.6%) were relevant service
hospitalizations (RSH), and 7 (6.8%) were in the intensive
care hospitalization group. None of the patients presenting
with altered consciousness could be discharged from the
emergency department. In the DED group, 20 (42.6%)
patients received FFP and 27 (57.4%) patients received
PCC treatment (Table 3).

In the correlation analysis of the applied treatment
option with the variables, there was a strong positive
correlation between the decrease in INR% and the
treatment option (p=0.001, Table 4).

In the ROC curve analysis of the INR % change of FFP
the area under curve (AUC): 0.286, with a 95% confidence
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Figure 1. ROC curve analysis of FFP in INR change

ROC curve analysis of INR change of FFP; area under curve
0.286, %95 confidence interval 0.187-0.385, sensitivity: 86.5%,
specificity: 64.7%, p=0.001

PCC: Prothrombin complex concentrate, INR:
normalized ratio, FFP: Fresh frozen plasma

International
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interval (Cl) of 0.187-0.385, sensitivity: 86.5%, specificity:
64.7%, (p=0.001) (Figure 1). In the ROC curve analysis of
PCC % change in INR; AUC: 0.714, 95% Cl: 0.615-0.813,
sensitivity: 96.2%, specificity: 88.2%, (p=0.001) (Figure 2).
In addition, the distribution of the percent decrease in INR
of FFP and PCC used in the treatment is given in Figure 3.
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Figure 2. ROC curve analysis of PCC in INR change

ROC curve analysis of PCC's INR change; area under curve
0.714, %95 confidence interval 0.615-0.813, sensitivity: 96.2%,
specificity: 88.2%, p=0.001

PCC: Prothrombin complex concentrate,
normalized ratio, FFP: Fresh frozen plasma
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Figure. 3 Percentage of reduction in INR compared to FFP and
PCC used in the treatment

PCC: Prothrombin complex concentrate,
normalized ratio, FFP: Fresh frozen plasma

INR: International
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Table 1. Relationship of treatment options with coagulation parameters and other variables

High INR treatment

FFP PCC ALL
n (%) n (%) n (%)
51 (49.5%) 52 (50.5%) 103 (100%)
Female 32 (62.7%) 26 (50%) 58 (56.3%)
Gender
Male 19 (37.3%) 26 (50%) 45 (43.7%)
. No 12 (23.5%) 14 (26.9%) 26 (25.2%)
Use of coumadin
Yes 39 (76.5%) 38 (73.1%) 77 (74.8%)
For analysis 7 (13.7%) 6 (11.5%) 13 (12.6%)
Hemorrhage 25 (49.0%) 22 (42.3%) 47 (45.6%)
Abdominal pain 7 (13.7%) 2 (3.8%) 9 (8.7%)
i Nausea-vomiting 5 (9.8%) 6 (11.5%) 11 (10.7%)
Complaint -
Chest pain 4(7.8%) 2 (3.8%) 6 (5.8%)
Shortness of breath 2 (3.9%) 4(7.7%) 6 (5.8%)
Altered consciousness 1(2.0%) 2 (3.8%) 3(2.9%)
Bad general condition 0 (0%) 8 (15.4%) 8 (7.8%)
No 26 (51.0%) 30 (57.7%) 56 (54.5%)
Hematemesis 7 (13.8%) 1(1.9%) 8 (7.8%)
Melena 4 (7.8%) 5 (9.8%) 9 (8.7%)
Hematochezia 3(5.9%) 3 (5.8%) 6 (5.9%)
Hematuria 4 (7.8%) 4 (7.6%) 8 (7.8%)
Hemorrhage Cranial 2 (3.9%) 2 (3.8%) 4 (3.9%)
Vaginal 3 (5.9%) 1(1.9%) 4 (3.9%)
Dermal 2 (3.9%) 3 (5.8%) 5 (4.8%)
Avrticulation 0 (0%) 1(1.9%) 1(0.9%)
Eye 0 (0%) 1(1.9%) 1 (0.9%)
Nasal 0 (0%) 1(1.9%) 1 (0.9%)
L No 51 (100%) 52 (100%) 103 (100%)
Complication
Yes 0 (0%) 0 (0%) 0 (0%)
PCC: Prothrombin complex concentrate FFP: Fresh frozen plasma ALL: All patients, INR: International normalized ratio
Percentages were determined by performing the chi-square test
Table 2. Relationship of treatment options with other variables
High INR treatment
FFP PCC ALL p-value
Mean * SD Mean * SD Mean * SD
Age (year) 67.84+13.22 66.79+13.23 67.31£13.17 0.670
APTT-1 (sec) 83.49+37.23 80.44+36.45 81.95+36.69 0.605
PT-1 (sec) 89.29+48.35 113.45+£58.39 101.49+54.75 0.028*
INR-1 7.56+4.09 10.1245.18 8.85+4.83 0.009*
APTT-2 (sec) 49.47+16.55 42.98+15.65 46.19+16.35 0.017*
PT-2 (sec) 30.34+12.35 24.07+9.34 27.17+11.33 0.005*
INR-2 2.42+1.01 1.95+0.71 2.18+0.90 0.023*
Decrease of INR (%) 60.28+19.76 73.41£17.42 66.91+19.66 0.001*

PCC: Prothrombin complex concentrate FFP: Fresh frozen plasma, ALL: All patients, APTT:

normalized ratio, sec: Second, SD: Standard deviation
*:Mann-Whitney U test, p-value of <0.05 was considered statistically significant

Activated partial thromboplastin time, PT: Prothrombin time, INR: International
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Table 3. State of discharge or hospitalization in the variables

Hospitalization

DED RSH ICH
n (%) n (%) n (%)
47 (45.6%) 49 (47.6%) 7 (6.8%)
Female 26 (55.3%) 28 (57.1%) 4 (57.1%)
Gender
Male 21 (44.7%) 21 (42.9%) 3 (42.9%)
. No 8 (17%) 16 (32.7%) 2 (28.6%)
Use of coumadin
Yes 39 (83%) 33 (67.3%) 5 (71.4%)
For analysis 10 (21.3%) 3 (6.1%) 0 (0%)
Hemorrhage 18 (38.3%) 28 (57.1%) 1(14.3%)
Abdominal pain 5(10.6%) 4 (8.2%) 0 (0%)
i Nausea-vomiting 7 (14.9%) 4 (8.2%) 0 (0%)
Complaint -
Chest pain 4 (8.5%) 2 (4.1%) 0 (0%)
Shortness of breath 2 (4.3%) 2 (4.1%) 2 (28.6%)
Altered consciousness 0 (0%) 2 (4.1%) 1(14.3%)
Bad general condition 1(2.1%) 4 (8.2%) 3 (42.9%)
FFP 20 (42.6%) 27 (55.1%) 4 (57.1%)
Treatment
PCC 27 (57.4%) 22 (44.9%) 3 (42.9%)

care hospitalization
*Percentages were determined by performing the chi-square test

PCC: Prothrombin complex concentrate, FFP: Fresh frozen plasma, DED: Discharge from the emergency department, RSH: Relevant service hospitalization, ICH: intensive

Discussion

Today, cases who present with bleeding or other
complaints in emergency departments and who have high
hemostasis parameters are frequently seen. Although
there are partial increases due to metabolic reasons,
serious elevations are also detected, especially due to the
use of warfarin. The clinical spectrum of patients with
elevated hemostasis parameters varies, and it is usually up
to emergency clinicians to ensure that the values are in the
ideal range. With correct and rapid treatment, it is possible
to reduce the mortality and morbidity of patients. FFP and
PCC, which are among the treatment modalities applied in
an emergency, create a preferred position for the clinician.

FFP is suitable for rapid replacement in multiple
coagulation deficiencies such as hepatic failure, warfarin
overdose, disseminated intravascular coagulation, and
massive transfusion in bleeding patients. FFP can also be
used when bleeding is due to a deficiency of coagulation
factors. Response to FFP treatment can be monitored by
performing coagulation system examinations such as PT,
INR, and aPTT (15).

PCC, whose preparations consist of human plasma;
contains Fll, FVII, FIX, and FX components, is also used in
anticoagulant therapy with proven effectiveness. Studies
show that PCC offers us not only an effective but also a
safe treatment option (16,17). Studies have shown that
four-factor PCCs are more effective than three-factor PCCs
in the emergency department, but there is no difference
with FFP in terms of effectiveness and side effects (18).
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Table 4. Correlation of Treatment Options with Variables

Treatmant option (FFP-PCC)
Variables

r P
Gender 0.128 0.196
Age -0.042 0.672
Coumadin use -0.039 0.695
Complaint 0.166 0.094
Hospitalization -0.126 0.205
APTT-1 (sec) -0.051 0.607
PT-1 (sec) 0.217 0.028*
INR-1 0.260 0.008*
APTT-2 (sec) -0.235 0.017*
PT-2 (sec) -0.279 0.004*
INR-2 -0.225 0.022*
Decrease of INR (%) 0.371 0.001*
PCC: Prothrombin complex concentrate, FFP: Fresh frozen plasma, APTT:
Activated partial thromboplastin time, PT: Prothrombin time, INR: International
normalized ratio, sec: Second
*: Pearson correlation test, p-value of <0.05 was considered statistically
significant

There are studies evaluating the efficacy, side effects,
and prognosis of the use of PCC and FFP in different cases
and circumstances. In the study of Karkouti et al. (19), the
efficacy of treatment in bleeding during cardiac surgery
was investigated, and it was shown that the use of PCC is
appropriate because it significantly reduces the need for FFP
and can have a hemostatic advantage without increasing
the occurrence of adverse events. In trauma patients, a
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resuscitation strategy using both PCC and FFP transfusion
was associated with reduced mortality compared with
a resuscitation strategy involving FFP alone. In addition,
PCC reduced the need for RBC transfusions compared to
treatment strategies without PCC (20). Although the use of
PCC is considered an effective and recommended practice
in general, On the other hand, there are researchers who
argue that the use of PCC should be avoided in all patients
with high INR values caused by vitamin K antagonists and
that it can only be used in cases requiring emergency
surgery due to serious, life-threatening bleeding (21).

The most important factor for bleeding risk is the INR
level, which is above the treatment levels. It has been
stated that when the INR level rises from 2-3 to 3-4.5, the
risk of bleeding increases 2 times, and when it is between
4.5-6, it increases 4 times. Every 0.5 increase in INR levels
increases the risk of major bleeding by 1.43 (22). In a study
by Kaya et al. (23) in which they evaluated the use of PCC
in an emergency department, the median INR value of
the patients was 8.96. In our study, the median INR value
of the patients who applied similarly to other studies was
8.85+4.83 and 77 (74.8%) were patients using warfarin
for different reasons.

Elderly patients are more susceptible to anticoagulant
effects and bleeding than younger patients. In cases over
40 years of age using warfarin, it has been shown that
there is a 46% increase in the rate of major bleeding with
every 10 years of age. The presence of additional diseases
also contributes to this situation (22). Apart from drug
efficacy in studies, the condition and comorbid diseases
are also important because most of the patients are
elderly. It is noteworthy that patients who applied to the
emergency department used warfarin, and had high INR
values were mostly older. In a similar study, Sarode et al.
(4) found the mean age to be 68 years, whereas Barillari
et al. (24) reported 76 years. The mean age of the patients
in our study was 67 years, which was correlated with the
others. Although some studies did not report significant
differences in the gender distribution of patients, Keren
et al. (25). In their study, the rate of female patients
was 56%, similar to our study (26). We think that the
important reason for the slightly higher female gender is
the incidence of atrial fibrillation and the use of warfarin.

When the complaints of patients who were
anticoagulated with warfarin were evaluated, it was
shown that the most frequently affected system was
the gastrointestinal system (38.5%) (27). In the study
conducted by Sayhan et al. (28), it was seen that 16.9%
of the patients presented with mostly gastrointestinal
bleeding. In our study, bleeding was detected in 47
(45.6%) of all patients, and gastrointestinal system
bleeding was found in 23 (31.4%) of them. In addition to
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the complaints at presentation, nausea and vomiting were
present in 11 (10.7%) of the patients. The presence of
nausea and vomiting, especially in patients using warfarin,
should also suggest an elevated INR.

As a general rule, patients with severe or life-
threatening bleeding require a rapid, complete reversal of
the effect of warfarin; patients with no bleeding or minor
bleeding, especially if the risk of thrombosis is high, can
only be followed by discontinuing warfarin. International
guidelines recommend the use of PCCs instead of FFP for
reversing acute vitamin K antagonism in clinical bleeding
(29,30). The risk of bleeding is greatest in the initial phase
of treatment. Bleeding rates per year in randomized
studies are between 1 and 3%. The most dangerous
bleeding for most patients is intracerebral hemorrhage,
which can be fatal or cause permanent neurological
deficits (31). In the study by Steiner et al. (32), four-factor
PCC was found to be superior to FFP in normalizing INR.
It has been observed that faster INR normalization leads
to smaller hematoma development. The results support
the use of PCC instead of FFP in intracranial hemorrhage
(32). In our study, PCC was applied to two of the four
patients with intracranial hemorrhage, and it was found
that success was achieved in terms of more appropriate
reference values in INR normalization.

Life-threatening bleeding due to an overdose is
relatively low. In his treatment, firstly, stopping warfarin
and controlling it by transfusion in the emergency
resulted in low hospitalization rates. In some studies, it
is recommended that patients in this situation be treated
by emergency services and called for necessary controls in
order not to increase the cost of the hospital further (33).
In our study, 47 (45.6%) patients were successfully treated
in the emergency room and discharged. Appropriate
dosing was performed, and they were called for control.

PCC was found to be more effective than FFP in
normalizing INR and facilitating coagulation. A study
of patients with mechanical heart valve disease using
warfarin showed that more patients in the PCC group
than in the FFP group achieved the ideal INR. The mean
INR value before the PCC application was 4.02+1.07
and the mean INR value before the FFP application was
4.88+1.3. However, the mean INR value decreased to
2.57 in the first 48 hours after PCC application (34). In
another study, while the mean INR value before PCC was
2.92 (2.54), the mean INR value after PCC was reported
as 1.47 (0.44). The mean difference was 1.54 (2.89),
which reached statistical significance (p=0.005) (35). In
our study, control INR values were 2.42+1.01 in the FFP
group and 1.95+0.71 in the PCC group. In addition, the
percentage decrease in INR was 60.28+19.76 (%) in the
FFP group and 73.41+17.42 (%) in the PCC group. There
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were no complications related to the application in both
groups. The results of our study showed ideal and safe
results in the same direction as other studies in terms of
PCC's efficiency and bringing hemostasis parameters to
the ideal range.

Compared to the FFP application, fewer thrombotic
complications and transfusion reactions were listed
as reasons supporting the use of PCC in cases with
warfarin overdose. Cruz et al. reported 7.1% thrombotic
complications with PCC given after warfarin use (36). In a
study using four-factor PCC, the thrombotic complication
rate was reported as 1.8% (95% Cl 1.0-3.0) (37). In addition,
it is recommended to use PCC by considering the benefit-
harm balance (26). In our study, no thromboembolic event
was detected in any of our cases. The fact that long-term
clinical follow-ups were not performed or cases with early-
term mortality could not be evaluated for complications
may have affected the results.

In a meta-analysis (37), the overall mortality rate due
to warfarin overdose was reported as 10.6% (95% Cl
5.9-16.6%). In patients who had PCC indications after
warfarin use, 30-day mortality was reported as 22.9%
(36). In our study, no mortality was observed during
follow-up and treatment in the emergency department.
This may show that the treatments applied do not have
any mortal complications and that the treatment process
has developed quite positively in terms of high hemostasis
parameters today.

Study Limitations

The retrospective nature of the study was an important
limitation. In addition, the limitations of the study are that
it is a single-center and the factors that will affect mortality
after PCC treatment (additional diseases of the cases,
additional drugs used, surgical applications for bleeding
control, additional medical treatments given during
follow-up). Despite these limitations, clear and efficient
analysis of numerical laboratory parameters before and
after treatment, and objective interpretation of treatment
efficacy are the strengths of the study. In addition, we
believe that it contributes positively to the literature in
terms of giving an idea about the choice of treatment
in these cases, which are frequently encountered and
treated in emergency services.

Conclusion

Both FFP and PCC treatments can be safely applied
to patients with elevated hemostasis parameters in
emergency departments. Recent studies and the result
of our study show that PCC is preferable to FFP because
it is easier to apply, acts faster, and provides more ideal
coagulation parameter levels. Further studies are needed
to reveal the cost, efficacy, and safety dimensions of both
treatment options.
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