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Abstract 

Background: Prothrombin complex concentrates (PCCs) containing prothrombin, factors VII, 

IX, and X, as well as the inhibitors protein C and S have been used as an emergent reversal 

for oral anticoagulation therapy. The use of PCCs in hepatobiliary disorder patients or pa-

tients with liver coagulopathy who need to undergo invasive procedures has not been well 

studied. Objective: To evaluate the efficacy of PCC treatment in order to control or prevent 

bleeding complications in patients with liver coagulopathy who undergo various invasive 

procedures. Methods: This was a prospective, open-label, non-randomized, before-and-after 

study in patients with hepatobiliary disorders who underwent invasive procedures accom-

panied by liver impairment and received PCC injection (Cofact
®

, Sanquin, The Netherlands). 

Patients with coagulopathy from various causes were recruited consecutively. Data collected 
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were the episodes of bleeding, liver function test and the international normalized ratio (INR) 

before and after PCC therapy. The primary endpoint was INR change after treatment, while 

secondary endpoints included bleeding control and bleeding event after treatment. Results: 

Thirty patients (17 men, 13 women) were enrolled. Patients’ mean age was 57.0 + 15.5 years. 

Liver cirrhosis was found in 14 patients (46.7%). The procedures consisted of liver biopsy, 

liver abscess aspiration, abdominal paracentesis, therapeutic upper gastrointestinal endosco-

py, abdominal surgery, endoscopic retrograde cholangiopancreatography and percutaneous 

transhepatic biliary drainage. After treatment, 25 patients (83.3%) showed a decreased medi-

an INR (from 1.6 to 1.3) (p < 0.001, Wilcoxon’s signed-rank test). Five patients failed to show 

INR reduction. No new bleeding event related to the invasive procedures was observed. Con-

clusion: PCC treatment is effective to control and prevent bleeding complications in patients 

with liver coagulopathy who undergo invasive procedures. © 2016 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Most factors involved in the blood clotting and fibrinolytic systems are synthesized in 
the liver, and disturbed liver parenchymal cell function may result in serious impact on the 
blood coagulation system. The severity of blood coagulopathy is associated with the degree 
of liver damage and may be severe in patients with cirrhosis [1]. 

Patients with chronic liver disease or chronic cholestasis often have a tendency for 
spontaneous bleeding, including variceal bleeding due to portal hypertension and low levels 
of coagulation factors. In addition, there is an increased perioperative bleeding risk, includ-
ing minor invasive diagnostic procedures like liver biopsy. The total bleeding rate ranges 
between 0.7 and 1.5% in patients with liver disease [2, 3]. 

Prothrombin complex concentrates (PCCs) are plasma products containing mainly the 
plasma-clotting factors prothrombin, factors VII, IX, and X, the inhibitors protein C and S, and 
protein Z [4]. They are produced from the cryoprecipitate supernatant of large plasma pools 
or from the plasma supernatant after the removal of antithrombin and factor XI. 

PCC therapy is used as a single-factor replacement in conditions such as hemophilia B, 
but currently it is used mainly for emergent reversal the effects of oral anticoagulation ther-
apy in an emergency setting [5, 6]. However, the use of PCCs to prevent bleeding in patients 
with liver coagulopathy has not been studied well, especially in those patients who undergo 
various hepatobiliary and gastrointestinal therapeutic intervention procedures. The major 
reasons are the cost and the controversy among hematologists related to liver coagulop-
athypathophysiology. 

The international normalized ratio (INR) has been incorporated into several scoring 
systems to assess liver disease severity in cirrhosis patients, such as the Child-Turcotte-Pugh 
and the Model for End-Stage Liver Disease scores [7]. These tools are highly associated with 
the patient’s prognosis, but there is no recommendation on how to relate these scoring sys-
tems in assessing bleeding risk. 

The aim of this study was to evaluate the efficacy of PCC treatment in order to control 
bleeding or prevent bleeding in patients with liver coagulopathy scheduled for various inva-
sive procedures. 
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Methods 

Study Design and Subjects 
This was a prospective, open-label, non-randomized study in patients who received PCC 

injection (Cofact®, Sanquin, The Netherlands), consisting of coagulation factors II, VII, IX, and 
X. Patients were recruited consecutively. Data collected were the episodes of bleeding, liver 
function test and the INR calculated before and 1 h after injection. 

Diagnosis of Liver Coagulopathy 
In our institution, a diagnosis of liver coagulopathy was made if the INR value was ≥1.4. 

INR calculation was based on the patient’s prothrombin time in seconds divided by normal 
prothrombin time (the laboratory’s geometric mean value for normal patients) in seconds, 
and the results were powered by the International Sensitivity Index. 

Study Medication and Dosage 
PCC treatment is given as a single injection 1 h before a particular invasive procedure. 

The contents of a vial are 250 IU factor IX, 140–350 IU factor II, 70–200 IU factor VII, 140–
350 IU factor X, 111–390 IU protein C and 10–80 IU protein S. After dilution with the pre-
supplied water for injection, the final solution contains 14–35 IU/ml factor II, 7–20 IU/ml 
factor VII, 25 IU/ml factor IX, 14–35 IU/ml factor X, 11–39 IU/ml protein C, and 1–8 IU/ml 
protein S. 

Treatment Efficacy 
As primary endpoint, INR was calculated during 24 h before and 1 h after the admin-

istration of PCCs. Secondary endpoints were bleeding control and bleeding event after 
treatment. Bleeding control was defined as bleeding cessation after treatment. Bleeding 
event was defined as active bleeding after the invasive procedure which was seen clinically 
or by a decrease in hemoglobin level >1 g/dl 24 h after treatment. 

Statistical Analyses 
The patients’ demographic and clinical characteristics were presented descriptively. The 

median INR difference between before and after PCC treatment was analyzed using the Wil-
coxon’s signed-rank test. A p value ≤0.05 was considered significant. Statistical analyses 
were done using the software SPSS version 17.0 (SPSS Inc., Chicago, Ill., USA). 

Results 

Patient Characteristics 
Thirty patients were enrolled in this study, consisting of 17 men and 13 women. Pa-

tients’ mean age was 57.0 ± 15.5 years. The liver function test profiles are summarized in 
table 1. Liver cirrhosis was found in 14 patients (46.7%). The procedures consisted of liver 
biopsy, liver abscess aspiration, large-volume abdominal paracentesis, therapeutic upper 
gastrointestinal endoscopy (band ligation, Histoacryl injection, hemostatic), abdominal sur-
gery, endoscopic retrograde cholangiopancreatography and percutaneous transhepatic bili-
ary drainage. The underlying diseases causing liver coagulopathy are summarized in table 2. 
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Efficacy of PCC Treatment 
Twenty-five (83.3%) patients showed a decreased INR after PCC injection as given ac-

cording to the dose recommendation (table 3). In these patients, the median (range) INR 
decreased from 1.6 (1.4–4.7) to 1.3 (0.9–2.4), p < 0.001 (fig. 1). Fifteen (60.0%) of them 
achieved an INR <1.4. 

There were 5 patients who failed to show INR reduction, 2 patients with severe bleed-
ing, 1 patient with decompensated cirrhosis, and in the last 2 patients it might have been 
related to the delayed INR measurement, as it exceeded 6 h after the PCC injection. 

Nine patients presented with active bleeding before treatment. Bleeding was controlled 
in 5 patients; 3 patients responded after receiving 1 PCC vial, 1 patient received 2 PCC vials, 
and the other patient received until 9 vials. Of the 4 patients with continuous bleeding,  
2 patients received only 1 PCC vial, while the other 2 patients received 2 and 3 PCC vials. 
Despite the INR reduction (although it was still high) in those patients, 2 critically ill patients 
had severe stomach bleeding (due to gastric malignancy) and died because of hypovolemic 
shock. 

Discussion 

To our knowledge, this is the first study in Asia looking at the impact of PCC treatment in 
liver coagulopathy patients who underwent various intervention procedures in the field of 
gastroenterology. 

This study was designed to evaluate whether PCC treatment could prevent bleeding in 
patients with liver coagulopathy who underwent urgent medical procedures. Diagnoses in 
these patients included chronic liver diseases (chronic hepatitis, liver cirrhosis, hepatocellu-
lar carcinoma), acute hepatobiliary diseases (liver abscess, gallstone, acute cholangitis) as 
well as non-liver diseases (gastric cancer). Moreover, these patients were not on anticoagu-
lation treatment; therefore, the high INR was caused solely by liver derangement. 

Liver coagulopathy is caused by hepatic dysfunction of coagulation factor synthesis and 
cannot be treated by the administration of vitamin K. 

Traditionally, hypercoagulated patients with decompensated liver cirrhosis were given 
fresh frozen plasma (FFP) transfusion, despite unproven efficacy or lack of benefit of its use 
[8]. In addition, FFP is often given in inadequate doses and therefore rarely achieves the INR 
target [9]. FFP transfusion is also associated with fluid overload risk as it sometimes re-
quires several liters of FFP (20–40 ml/kg) to achieve the INR target [10]. 

One study reported the use of FFP versus PCCs in reversing anticoagulation therapy in 
patients undergoing cardiopulmonary bypass surgery with an INR ≥2.1. In that study, the 
investigators used 2 units of FFP and half the dose of PCCs to achieve a target INR of ≤1.5. 
They found that the INR target can be achieved in 7/16 patients with PCCs, but in none with 
FFP 15 min after surgery, but after 1 h, both treatments can achieve the INR target. Overall, 
the study concluded that PCCs reverse the anticoagulation effect faster and with less bleed-
ing than FFP [11]. 

Another recent study also confirmed the superiority of 4-factor PCCs versus plasma 
transfusion to achieve an INR ≤1.3 in terms of rapidity. One hour after the start of infusion, 
69% of patients in the PCC group achieve an INR ≤1.3, compared with none in the plasma 
transfusion group. In addition, the median INR was significantly lower in patients treated 
with PCCs compared with the plasma transfusion group [12]. 
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There were some limitations in this study. First, it was not designed as a randomized, 
controlled study to compare the treatment effect. The use of PCC injection in our study was 
intended to substitute FFP as these patients need to undergo urgent procedures. It is also 
well known that FFP transfusion is rarely effective in reducing INR within a relatively short 
time. Therefore, comparing PCCs with FFP or placebo as a control would not have been ethi-
cal. Besides, there was no other treatment option as a control in this clinical setting. Before 
PCCs were available in our country, emergency procedures were mostly delayed or even 
could not be done if the patient did not show INR reduction after standard treatment using 
vitamin K injection with or without plasma transfusion. Second, since this is a preliminary 
study, we did not specifically select more homogeneous patients and included a wide range 
of underlying diseases. This caused difficulty in analyzing risk factors that may contribute to 
treatment failure or non-responsiveness. It seems that patients with active severe bleeding 
may not gain much benefit from 1 or 2 vials of PCC treatment. However, the exact doses for 
these patients remain unclear. Our study addresses an important message to clinicians, de-
spite the clinical dilemma of cost effectiveness, especially in most developing countries. De-
compensated liver failure may also worsen the prognosis, and adding PCC treatment seemed 
to show no additional benefit in terms of prolonging life. These assumptions should be ex-
plored in further studies. 

Conclusion 

PCC treatment is effective in reducing the INR and to prevent bleeding in patients with 
liver coagulopathy undergoing urgent or emergency invasive procedures. Patients with se-
vere liver function derangement or severe bleeding may benefit from INR reduction; howev-
er, survival benefits should be further defined. 

Statement of Ethics 

All subjects gave written consent before the administration of PCC treatment. This study 
was approved by the local ethics committee. 
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Fig. 1. The mean difference of the INR values between before and after PCC injection (n = 25). 
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Table 1. Characteristics of the study subjects (n = 30) 

    
    
Variable Median (range) n % 

    
    
Male sex  17 56.7 

Age, years 000.57 (17–83)   

Active bleeding  09 30.0 

Peripheral blood test    

Hemoglobin level, g/dl 0010.9 (6.3–15.6)   

Leukocyte count, /ml 11,865 (1,300–29,500)   

Platelet count, /nl 00.179 (24–698)   

Liver function test    

Total bilirubin, mg/dl 003.38 (0.3–51.95)   

Total protein, g/dl 0006.2 (5.1–7.6)   

Albumin, g/dl 0003.0 (1.8–4.5)   

AST, U/l 000.62 (13–293)   

ALT, U/l 0045.5 (10–162)    

GGT, U/l 00.117 (11–1,151)    

ALP, U/l 00.159 (64–760)   

INR 0001.6 (1.4–5.0)   

    
    
ALP = Alkaline phosphatase; ALT = alanine aminotransferase; AST = 

aspartate aminotransferase; GGT = gamma-glutamyl transferase. 
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Table 2. Underlying disease and indication for PCC treatment (n = 30) 

   
   
 n % 

   
   
Underlying disease   

Liver abscess 05 16.7 

Liver cirrhosis 11 36.7 

Liver cirrhosis and abscess 01 03.3 

Liver cirrhosis and choledocholithiasis 01 03.3 

Liver cirrhosis and hepatocellular carcinoma 01 03.3 

Hepatocellular carcinoma 01 03.3 

Other cancers with jaundice/liver metastasis 04 13.3 

Choledocholithiasis with obstructive jaundice 01 03.3 

Pelvic inflammatory disease and appendiceal abscess  01 03.3 

Acute-on-chronic liver failure (due to autoimmune hepatitis) 01 03.3 

Cholangitis and acute kidney injury 01 03.3 

Autoimmune hepatitis with jaundice 02 06.7 

      Indication for PCC treatment   

Abscess aspiration 05 16.7 

Large-volume abdominal paracentesis 01 03.3 

Other hepatobiliary procedures (ERCP, PTBD) 08 26.7 

Gastrointestinal bleeding 09 30.0 

Liver biopsy 03 10.0 

Open surgery 03 10.0 

Laparoscopic surgery 01 03.3 

   
   

ERCP = Endoscopic retrograde cholangiopancreatography; PTBD = percutaneous transhepatic biliary 

drainage. 

   
   
 

 
Table 3. The recommended dose (ml) of PCC injection to achieve a target INR of ≤1.5 is based on the initial 

INR and body weight as follows 

  
  
Body weight Initial INR 

   7.5 5.9 4.8 4.2 3.6 3.3 3.0 2.8 2.6 2.5 2.3 2.2 

             
             
050 kg 060 060 060 050 050 50 40 40 30 30 30 30 

060 kg 080 070 070 060 060 60 50 50 40 40 40 30 

070 kg 090 080 080 070 070 70 60 60 50 40 40 40 

080 kg 100 100 090 090 090 80 80 70 60 50 50 40 

090 kg 100 100 100 090 090 90 80 80 70 60 50 40 

100 kg 100 100 100 100 100 90 90 80 70 70 60 50 
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