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Background: Prothrombin complex concentrate (PCC) and fresh frozen plasma (FFP) are 
commonly used to manage bleeding in patients during cardiac surgery. However, the rel-
ative efficacy and safety of these 2 strategies remain uncertain.
Methods: MEDLINE, Embase, and Cochrane were searched for studies comparing PCC 
and FFP in patients who underwent cardiac surgery complicated by bleeding. Review 
Manager (RevMan) ver. 5.4 (Nordic Cochrane Centre, The Cochrane Collaboration) was 
used for statistical analysis. Binary and continuous outcomes were compared using pooled 
risk ratios and mean differences, respectively. The meta-analysis protocol was registered 
in the International Prospective Register of Systematic Reviews under protocol number 
CRD42022379144.
Results: We included 8 studies with 1,500 patients, of whom 613 (40.9%) received PCC. 
The mean follow-up period ranged from 28 to 90 days. The PCC group had significantly 
lower chest tube drainage at 24 hours (mean difference [MD], -148.50 mL; 95% CI, -253.02 
to -43.99 mL; p=0.005; I2=42%). Fewer units of red blood cells (RBCs) were transfused within 
the first 24 hours (MD, -1.02 units; 95% CI, -1.81 to -0.24 units; p=0.01; I2=56%), and fewer 
patients required RBC transfusion within the first 24 hours (risk ratio, 0.85; 95% CI, 0.78–0.93; 
p<0.007; I2=45%) in the PCC group. There were no statistically significant differences in sec-
ondary outcomes. Nonetheless, a subgroup analysis of randomized controlled trials failed 
to corroborate the results obtained from the main analysis.
Conclusion: Our findings suggest that PCC can be effective, without increased adverse 
events, when compared with FFP in patients undergoing cardiac surgery complicated by 
bleeding.
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Introduction

Cardiopulmonary bypass (CPB) is an essential compo-
nent of cardiac surgery, as it helps maintain the functions 
of the circulatory and respiratory systems during the pro-
cedure [1]. However, CPB can trigger a complex interaction 
between inflammatory, fibrinolytic, and coagulation fac-

tors that can lead to coagulopathy and bleeding, which can 
increase morbidity and mortality rates. Consequently, it is 
essential to minimize the need for transfusions and surgi-
cal re-explorations [2].

Traditionally, fresh frozen plasma (FFP) has been the 
preferred treatment for patients with deficient coagulation 
factors. However, the possibility of adverse events associat-
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ed with FFP administration such as fluid overload, trans-
fusion reaction, and the transmission of infectious diseases 
should be carefully considered [3,4]. As a result, prothrom-
bin complex concentrate (PCC) has emerged as an alterna-
tive to FFP. PCC offers a full complement of procoagulant 
and anticoagulant factors and is available in 3-factor (3F; 
factors II, IX, X) and 4-factor (4F; factors II, VII, IX, X, 
with select anticoagulants) formulations [5]. While PCC 
was initially used for the treatment of patients with hemo-
philia B, its applications have expanded to include other 
bleeding disorders, such as urgent reversal of oral antico-
agulation (e.g., warfarin) and congenital vitamin K-depen-
dent coagulation deficiencies at the time of surgical proce-
dures [6,7]. Nevertheless, its use has been associated with 
an increased risk of thrombotic/thromboembolic compli-
cations and acute kidney injury (AKI) [8,9].

Therefore, we performed a systematic review and me-
ta-analysis to evaluate the effects of PCC versus FFP on co-
agulopathy and bleeding in patients who underwent cardi-
ac surgery.

Methods

Search strategy

Our systematic review and meta-analysis was performed 
according to the Cochrane Collaboration and Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines [10]. The pre-specified research protocol was reg-
istered with the International Prospective Register of System-
atic Reviews under the protocol number CRD42022379144. 
We systematically searched MEDLINE, Embase, and the 
Cochrane Central Register of Controlled Trials from in-
ception to August 14, 2023. The search terms were: frozen 
plasma, plasma, standard care, prothrombin complex con-
centrate, 4-factor prothrombin, PCC, prothrombin, cardiac 
surgical patient, cardiopulmonary bypass, heart surgery, 
cardiac surgery, cardiac surgical procedures, aortic replace-
ment surgery, coronary artery bypass, valve surgery, aortic 
surgery, and cardiac transplantation. Specific detailed in-
formation regarding the search strategy for each database 
is presented in the Supplementary Material 1. The referenc-
es from all included studies, previous systematic reviews, 
and meta-analyses were also searched manually for any addi
tional studies, and any missing data was requested from 
the authors. Eventual conflicts were resolved by consensus 
among the authors. Data extraction was conducted inde-
pendently by 4 authors (J.H., J.P., J.S., and P.V.) who collect-
ed the following information from each individual study: 

(1) study characteristics, including study design, time of 
follow-up, and sample size per group; (2) patient baseline 
characteristics, such as age (years), sex, body mass index (BMI, 
kg/m2), and comorbidities; and (3) outcomes of interest.

Selection criteria

There were no restrictions regarding publication date or 
language. The eligibility criteria included: (1) randomized 
controlled trials (RCTs) or observational cohorts; (2) com-
parisons of PCC and FFP in patients who underwent car-
diac surgery complicated by coagulopathy or bleeding; and 
(3) reports on at least one outcome of interest. We exclud-
ed: (1) patients with pre-existing coagulopathy or those us-
ing anticoagulants 5 days before surgery; (2) patients who 
received both PCC and FFP; (3) studies with overlapping 
populations, (i.e., studies recruiting from the same institu-
tion over an overlapping period); (4) studies with only an 
abstract available; and (5) studies that did not report any 
outcomes of interest.

Endpoints and subgroup analyses

Our primary endpoint was chest tube drainage, defined 
as the volume of fluid drained from the chest cavity within 
the first 24 hours after intervention [3,4,11-13]. Secondary 
endpoints included: (1) total units of transfused red blood 
cells (RBCs); (2) number of patients requiring RBC trans-
fusion; (3) length of stay (LOS) in the hospital, and (4) LOS 
in the intensive care unit (ICU) in days; (5) duration of 
mechanical ventilation in hours; (6) 30-day incidence of 
stroke or transient ischemic attack (TIA); (7) other throm-
boembolic events within 30 days such as deep vein throm-
bosis, mesenteric ischemia, myocardial infarction or pul-
monary embolism [13-15]; (8) AKI defined in accordance 
with the consensus of Risk, Injury, Failure, Loss of Kidney 
Function, and End-Stage Kidney Disease criteria or AKI 
Network recommendations, within 30 days [12,14,15]; (9) 
renal replacement therapy (RRT) within 30 days; (10) reop-
eration for bleeding within 48 hours; and (11) 30-day mor-
tality. In addition, we performed a subgroup analysis of 
data restricted to RCTs.

Quality assessment

We assessed the risk of bias for each study using the Co-
chrane Risk of Bias tool for randomized trials (RoB 2) and 
Risk of Bias in Non-randomized Studies of Interventions 
(ROBINS-I) for non-randomized studies, in accordance 
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with the guidelines outlined in the Cochrane Handbook 
for Systematic Reviews of Interventions [16-18]. Four inde-
pendent investigators (M.P., P.B., P.V., and V.F.) conducted 
the risk of bias for each study and recorded their findings 
in Supplementary Figs. 1 and 2. Any disagreements were 
resolved through discussion and consensus.

Due to the limited number of included studies, we could 
not conduct a comprehensive assessment of publication 
bias. The utility of funnel plots in detecting bias is limited 
when the sample size is small, and the Egger test is not rec-
ommended unless at least 10 studies are included in the 
analysis [19].
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Fig. 1. Preferred Reporting Items 
for Systematic Reviews and Me-
ta-Analyses (PRISMA) screening 
and selection flow diagram for 
a study evaluating the effects of 
prothrombin complex concentrate 
(PCC) versus fresh frozen plasma 
(FFP) in cardiac surgery.
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Fig. 2. In an evaluation of the effects of prothrombin complex concentrate (PCC) versus fresh frozen plasma (FFP) in cardiac surgery, 
there was a significant reduction in chest tube drainage output within 24 hours, favoring the PCC group. SD, standard deviation; IV, 
inverse variance; CI, confidence interval; RCT, randomized controlled trial; df, degrees of freedom. p-values <0.05 indicate statistical 
significance.
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Statistical analysis

We computed risk ratios (RRs) using the Mantel-Haenszel 
test for dichotomous outcomes and used 95% confidence 
intervals (CIs) as a measure of effect size. We considered 
p-values of less than 0.05 to indicate statistical significance. 
We used mean difference (MD) to report the effect size for 
continuous outcomes, also with 95% CIs.

To assess heterogeneity, the Cochran Q test and I2 statis-
tics were utilized. We classified I2 values of <25%, 25%–
75%, and >75% as low, moderate, and high heterogeneity, 
respectively. To account for potential disparities in both 
clinical and methodological aspects across studies, we ap-
plied the restricted maximum-likelihood estimator and a 
DerSimonian and Laird random-effects model to all out-
comes. Our meta-analysis was conducted using Review 
Manager ver. 5.4 (Nordic Cochrane Centre, The Cochrane 
Collaboration, Copenhagen, Denmark).

Results

Study selection and characteristics

The systematic search yielded 1,036 studies, as illustrated 
in Fig. 1. After screening for duplicate reports and studies 
with an exclusion criterion based on title or abstract re-
view, 16 remained and were fully assessed. Finally, 8 arti-
cles were included (3 RCTs and 5 observational studies). A 
total of 1,500 adult patients were included, of whom 613 
(40.9%) received PCC, and 234 (38.2%) were female [3,4,11-
15,20]. The baseline characteristics of the PCC and FFP 
groups exhibited a generally homogeneous distribution of 
gender. The study by Bartoszko et al. [14] was the excep-
tion and had a notably higher number of female patients. 
In addition, there were similarities in mean age and BMI 
when comparing the groups. Notably, Arnékian et al. [11] 
and Ortmann et al. [20] reported the longest CPB times, 
exceeding 300 minutes in duration. While not all studies 
provided detailed comorbidity data, it was observed that 
patients who received either PCC or FFP exhibited a simi-
lar incidence of diabetes and hypertension across the in-
cluded studies. Most of the surgeries analyzed were per-
formed on an emergency basis. The study by Karkouti et 
al. [3] was the only one to offer information on elective 
procedures. The dose of PCC varied from 15 to 25 IU/kg. 
Details of the study characteristics are reported in Table 1.

Pooled analysis of all studies

Regarding the main outcome, chest tube drainage output 
at 24 hours was significantly lower in the PCC group when 
compared to the FFP group (MD, -148.50 mL; 95% CI, 
-253.02 to -43.99 mL; p=0.005; I2=42%) (Fig. 2). There was 
also a significant decrease in the number of units of RBCs 
transfused within the first 24 hours (MD, -1.02 units; 95% 
CI, -1.81 to -0.24 units; p=0.01; I2=56%) (Fig. 3). The num-
ber of patients requiring RBC transfusion within the first 
24 hours was also lower in the PCC group (RR, 0.85; 95% 
CI, 0.78–0.93; p<0.0007; I2=45%) (Fig. 4).

There was no statistically significant difference between 
groups for the incidence of stroke or TIA (RR, 1.04; 95% 
CI, 0.61–1.80; p=0.37; I2=0%) (Fig. 5), thromboembolic 
events (RR, 1.09; 95% CI, 0.67–1.75; p=0.67; I2=0%) (Fig. 6), 
and all-cause mortality (RR, 1.06; 95% CI, 0.73–1.52; 
p=0.81; I2=0%) (Fig. 7).

Similarly, the LOS in the hospital (MD, -1.02 days; 95% 
CI, -2.32 to 0.28 days; p=0.12; I2=67%) (Supplementary Fig. 
3), LOS in the ICU (MD, 0.06 days; 95% CI, -0.58 to 0.71 
days; p=0.85; I2=56%) (Supplementary Fig. 4), duration of 
mechanical ventilation (MD, -3.43 hours; 95% CI, -7.88 to 
1.02 hours; p=0.13; I2=50%) (Supplementary Fig. 5), reoper-
ation for bleeding (RR, 0.81; 95% CI, 0.61–1.08; p=0.60; 
I2=0%) (Supplementary Fig. 6), incidence of AKI (RR, 1.07; 
95% CI, 0.89–1.29; p=0.48; I2=0%) (Supplementary Fig. 7A), 
and incidence of RRT (RR, 1.89; 95% CI, 0.92–3.87; p=0.08; 
I2=45%) (Supplementary Fig. 7B) were not significantly dif-
ferent between the 2 groups.

Subgroup analysis

When considering subgroup analyses of the RCTs, we 
found no significant difference in the chest tube output 
within the first 24 hours (MD, - 91.54 mL; 95% CI, -256.38 
to 73.31 mL; p=0.28; I2=65%) (Fig. 2), in the number of 
units of RBCs transfused within 24 hours (MD, -0.63 
units; 95% CI, -1.75 to 0.49 units; p=0.27; I2=35%) (Fig. 3), 
and in the number of patients who required RBC transfu-
sions within 24 hours (RR, 0.81; 95% CI, 0.60–1.08; p=0.72; 
I2=45%) (Fig. 4) when compared to a pooled analysis of all 
studies. In this analysis of the RCTs, there was also no sig-
nificant difference in outcomes for length of hospital stay 
(MD, -0.41 days; 95% CI, -1.75 to 0.93 days; p=0.55; 
I2=40%) (Supplementary Fig. 3), stroke incidence (RR, 0.61; 
95% CI, 0.17–2.21; p=0.46; I2=2%) (Fig. 5), and all-cause 
mortality (RR, 0.90; 95% CI, 0.23–3.47; p=0.88; I2=0%) (Fig. 
7).
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Quality assessment

A summary of the individual evaluations of each RCT 
included in the meta-analysis using the RoB2 quality as-
sessment tool is presented in Supplementary Fig. 1. Two 
RCTs were rated at low risk of bias, whereas one presented 
some concerns (Supplementary Fig. 1) [16]. Using the ROB-
INS-I tool for observational studies, 1 study was rated low 
risk of bias, 3 studies were moderate risk, and 1 study was 
rated a critical risk (Supplementary Fig. 2) [17]. These rat-

ings suggest that the overall risk of bias in the studies in-
cluded in the meta-analysis was low to moderate.

Discussion

In our systematic review and meta-analysis of 8 studies 
involving 1,500 patients, we compared the use of PCC to 
FFP in patients who underwent cardiac surgery and expe-
rienced significant bleeding. A summary of our main find-
ings follows. First, PCC was associated with lower chest 

Study or subgroup

1.7.1 RCTs

Subtotal (95% CI)

1.7.2 Non-randomized studies

Total (95% CI)

Karkouti et al. [3] (2021)
Smith et al. [13] (2022)

Total events
Heterogeneity: tau =0.02; chi =1.42, df=1 (p=0.23); I =30%
Test for overall effect: z=1.44 (p=0.15)

Arnekian et al. [11] (2012)
Bartoszko et al. [14] (2021)
Cappabianca et al. [12] (2016)
Fitzgerald et al. [15] (2018)
Ortmann et al. [20] (2015)

Heterogeneity: tau =0.01; chi =10.89, df=1 (p=0.09); I =45%
Test for overall effect: z=3.40 (p=0.0007)
Test for subgroup differences: chi =0.13, df=1 (p=0.72); I =0%

2 2 2

2 2 2

2 2

2 2

Subtotal (95% CI)
Total events
Heterogeneity: tau =0.01; chi =8.91, df=4 (p=0.06); I =55%
Test for overall effect: z=2.86 (p=0.004)

Total events
2

FFP Risk ratio
M-H, random, 95% CIWeight (%)

13.0
2.9

0.1
14.9
32.3
23.9
12.8

15.9

84.1

100.0

PCC
Events Total

39
15

54

0
44

189
90
34

357

411

54
51

24
72

225
117
45

105

483

588

0.87 [0.71 to 1.07]
0.64 [0.38 to 1.08]
0.81 [0.60 to 1.08]

0.22 [0.01 to 4.28]
0.70 [0.58 to 0.85]
0.90 [0.84 to 0.96]
0.87 [0.77 to 0.97]
0.94 [0.76 to 1.17]
0.85 [0.77 to 0.95]

0.85 [0.78 to 0.93]

Events Total

39
22

61

2
299
210
104
44

659

720

47
48

26
343
225
117
55

95

766

861

0.5 0.7 1 1.5 2.0

Favors PCC Favors FFP

Risk ratio
M-H, random, 95% CI

Fig. 4. There was a significant decrease in the number of patients requiring red blood cell (RBC) transfusions within the first 24 hours 
after cardiac surgery, favoring patients who received prothrombin complex concentrate (PCC) versus fresh frozen plasma (FFP) during 
surgery for coagulopathy or bleeding. M-H, Mantel-Haenszel; CI, confidence interval; RCT, randomized controlled trial; df, degrees of 
freedom. p-values <0.05 indicate statistical significance.

Study or subgroup

1.5.1 New subgroup

Subtotal (95% CI)

Total (95% CI)

Green et al. [4] (2021)
Karkouti et al. [3] (2021)
Ortmann et al. [20] (2015)

Heterogeneity: tau =0.36; chi =6.86, df=3 (p=0.08); I =56%
Test for overall effect: z=2.54 (p=0.01)

Heterogeneity: tau =0.36; chi =6.86, df=3 (p=0.08); I =56%
Test for overall effect: z=2.54 (p=0.01)
Test for subgroup differences: no applicable

Cappabianca et al. [12] (2016)

2 2 2

2 2 2

Mean difference
IV, random, 95% CIWeight (%)

33.6
19.0
22.2
25.1

100.0

100.0

PCC
Mean SD Total

3.4 3.1
2 1.57

1.85 3.05
2.35 2.3

225
25
54
45

349

349

Mean difference
IV, random, 95% CI

1.80 [ 2.49 to 1.11]
0.00 [ 1.38 to 1.38]
1.15 [ 2.34 to 0.04]
0.65 [ 1.70 to 0.40]
1.02 [ 1.81 to 0.24]1.02 [ 1.81 to 0.24]

1.02 [ 1.81 to 0.24]1.02 [ 1.81 to 0.24]

FFP
Mean SD Total

5.2 4.3
2 3.14
3 3.06
3 3.05

225
25
47
55

352

352

2 1 0 1 2

Favors PCC Favors FFP

Fig. 3. The number of red blood cell (RBC) units transfused within the first 24 hours was significantly lower in the patients receiving 
prothrombin complex concentrate (PCC) during cardiac surgery when compared with fresh frozen plasma (FFP). SD, standard deviation; 
IV, inverse variance; CI, confidence interval; df, degrees of freedom. p-values <0.05 indicate statistical significance.
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tube drainage output and a reduced need for RBC transfu-
sions within the first 24 hours after start of surgery. Sec-
ond, there were no significant differences between the PCC 

and FFP groups for outcomes including reoperation for 
bleeding, mortality, LOS in the hospital, ICU duration of 
mechanical ventilation, AKI, and RRT. Finally, no signifi-

Study or subgroup

1.2.1 RCTs

Subtotal (95% CI)

1.2.2 Non-randomized studies

Total (95% CI)

Green et al. [4] (2021)
Karkouti et al. [3] (2021)
Smith et al. [13] (2022)

Total events
Heterogeneity: tau =0.03; chi =2.04, df=2 (p=0.36); I =2%
Test for overall effect: z=0.75 (p=0.46)

Arnekian et al. [11] (2012)
Cappabianca et al. [12] (2016)
Fitzgerald et al. [15] (2018)
Ortmann et al. [20] (2015)

Heterogeneity: tau =0.00; chi =4.20, df=6 (p=0.65); I =0%
Test for overall effect: z=0.15 (p=0.88)
Test for subgroup differences: chi =0.81, df=1 (p=0.37); I =0%

Subtotal (95% CI)
Total events
Heterogeneity: tau =0.00; chi =1.34, df=3 (p=0.72); I =0%
Test for overall effect: z=0.53 (p=0.60)

Total events

2

2 2 2

2 2 2

2 2 2

2

FFP Risk ratio
M-H, random, 95% CIWeight (%)

3.5
9.7
5.3

3.0
44.2
30.6
3.9

18.4

81.6

100.0

PCC
Events Total

0
2
2

4

0
14
7
1

22

26

29
54
51

24
225
117
45

134

411

545

0.13 [0.01 to 2.38]
0.58 [0.10 to 3.33]
1.92 [0.18 to 20.52]
0.61 [0.17 to 2.21]

0.36 [0.02 to 8.43]
1.56 [0.69 to 3.52]
0.88 [0.33 to 2.33]
1.22 [0.08 to 19.00]
1.18 [0.64 to 2.14]

1.04 [0.61 to 1.80]

Events Total

3
3
1

7

1
9
8
1

19
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26
47
49

26
225
117
55

122

423

545

Risk ratio
M-H, random, 95% CI

0.01 0.1 1 10 100
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Fig. 5. There was no significant difference between groups for the incidence of stroke or transient ischemic attack after cardiac surgery 
when comparing patients who received prothrombin complex concentrate (PCC) versus fresh frozen plasma (FFP) during surgery for 
bleeding or coagulopathy. M-H, Mantel-Haenszel; CI, confidence interval; RCT, randomized controlled trial; df, degrees of freedom. 
p-values <0.05 indicate statistical significance.

Study or subgroup

1.8.1 RCTs

Subtotal (95% CI)

1.8.2 Non-randomized studies

Total (95% CI)

Green et al. [4] (2021)
Karkouti et al. [3] (2021)
Smith et al. [13] (2022)

Total events
Heterogeneity: tau =0.00; chi =0.74, df=2 (p=0.69); I =0%
Test for overall effect: z=0.23 (p=0.82)

Arnekian et al. [11] (2012)
Bartoszko et al. [14] (2021)
Fitzgerald et al. [15] (2018)
Ortmann et al. [20] (2015)

Heterogeneity: tau =0.00; chi2=1.47, df=5 (p=0.92); I =0%
Test for overall effect: z=0.34 (p=0.73)
Test for subgroup differences: chi =0.18, df=1 (p=0.67); I =0%

2 2 2

2 2 2

2 2

Subtotal (95% CI)
Total events
Heterogeneity: tau =0.00; chi =0.55, df=2 (p=0.76); I =0%
Test for overall effect: z=0.49 (p=0.62)

Total events

2 2

FFP Risk ratio
M-H, random, 95% CIWeight (%)

2.3
13.0
4.1

2.3
75.3
3.0

19.4

80.6

100.0

PCC
Events Total

1
4
1

6

0
13
1
0

14
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258

392

2.70 [0.11 to 63.52]
0.87 [0.23 to 3.29]
0.48 [0.04 to 5.13]
0.88 [0.30 to 2.61]

0.36 [0.02 to 8.43]
1.19 [0.69 to 2.07]
1.00 [0.06 to 15.80]

Not estimable
1.14 [0.67 to 1.95]

1.09 [0.67 to 1.75]

Events Total

0
4
2

6

1
52
1
0
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Risk ratio
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Fig. 6. There was no significant difference in the incidence of thromboembolic events after cardiac surgery between patients who re-
ceived prothrombin complex concentrate (PCC) versus fresh frozen plasma (FFP) during surgery for coagulopathy or bleeding. M-H, 
Mantel-Haenszel; CI, confidence interval; RCT, randomized controlled trial; df, degrees of freedom. p-values <0.05 indicate statistical 
significance.
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cant difference was found between patients treated with 
PCC or FFP for the incidence of stroke or other thrombo-
embolic events.

Higher rates of RBC transfusion have been consistently 
associated with unfavorable outcomes in cardiovascular 
surgery, including risk of infection, acute lung injury, mor-
tality, and prolonged length of hospital stay. This may be, 
at least partially, attributable to fluid overload induced by 
transfusions [21,22]. In addition to RBC transfusion, intra-
operative administration of FFP has also been correlated 
with f luid overload, increased inpatient mortality, and 
worse outcomes [23,24]. Indeed, fluid overload events such 
as pulmonary edema and congestive cardiac failure are 
more common in patients receiving FFP than those receiv-
ing PCC [24]. Our meta-analysis also showed that PCC did 
not increase the risk of these events when compared to FFP.

Thromboembolic complications are a potential concern 
with the use of PCC [25]. This may be related to the accu-
mulation of factor II after repeated administration of PCC 
and to the use of PCC for the reversal of warfarin. When 
patients with hemophilia are excluded, the overall inci-
dence of thrombotic complications was found to be low 
[8,26]. In a porcine laboratory study using a dose of 50 IU/
kg, PCC was correlated with an increased risk of thrombo-
embolism, but a lower dose of 35 IU/kg safely improved 
coagulation [27]. Similarly, in a multivariable analysis ad-

justed for potential confounding variables such as proce-
dure types, comorbidities, and other demographic charac-
teristics, PCC was not associated with an increased risk of 
thromboembolic events in patients who underwent cardiac 
surgery [14]. In this meta-analysis, the PCC dose among 
studies ranged from 15 to 25 IU/kg, and we found no sig-
nificant difference between PCC and FFP in the incidence 
of stroke or thromboembolic events.

A previous meta-analysis comparing PCC to FFP in pa-
tients who underwent CPB was published in 2019 [28]. The 
authors found a significant decrease in the number of pa-
tients requiring RBC transfusions and in the number of 
units received. However, that meta-analysis included retro-
spective studies only and had a smaller sample size of 861 
patients. Our study builds on prior work by adding RCT 
data and nearly doubling the sample size. We also con-
firmed findings of decreased transfusion need and the 
safety of PCC in a subgroup analysis of randomized stud-
ies. Overall, our results provide more robust evidence sup-
porting the use of PCC as an effective and safe alternative 
to FFP for the management of coagulopathy and bleeding 
in patients who undergo cardiac surgery.

Our study had limitations. First, 5 of the 8 studies in-
cluded in the analysis were observational, 3 of which were 
assessed as having a moderate risk of bias and one as hav-
ing a critical risk of bias. To address this limitation, we 

Study or subgroup

1.1.1 RCTs

Subtotal (95% CI)

1.1.2 Non-randomized studies

Total (95% CI)

Green et al. [4] (2021)
Karkouti et al. [3] (2021)
Smith et al. [13] (2022)

Total events
Heterogeneity: tau =0.00; chi =0.83, df=2 (p=0.66); I =0%
Test for overall effect: z=0.15 (p=0.88)

Arnekian et al. [11] (2012)
Bartoszko et al. [14] (2021)
Cappabianca et al. [12] (2016)
Fitzgerald et al. [15] (2018)
Ortmann et al. [20] (2015)

Heterogeneity: tau =0.00; chi =1.62, df=7 (p=0.98); I =0%
Test for overall effect: z=0.29 (p=0.77)
Test for subgroup differences: chi =0.06, df=1 (p=0.81); I =0%
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2 2
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Fig. 7. All-cause mortality within 30 days of cardiac surgery was not significantly different between patients who received prothrombin 
complex concentrate (PCC) versus fresh frozen plasma (FFP) during surgery for coagulopathy or bleeding. M-H, Mantel-Haenszel; CI, 
confidence interval; RCT, randomized controlled trial; df, degrees of freedom. p-values <0.05 indicate statistical significance.
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conducted a subgroup analysis with the RCTs exclusively. 
Second, we observed substantial heterogeneity in the pri-
mary outcomes. This heterogeneity could be attributed to 
chance alone or to methodological differences between 
studies such as variations in the administered dose of PCC. 
Finally, it was not possible to conduct a meta-regression of 
the influence of PCC dose on the pooled treatment esti-
mates due to limited data availability.

Conclusion

In this meta-analysis with 1,500 patients, the use of PCC 
was associated with a significant decrease in chest tube 
drainage output at 24 hours and a reduction in the need 
for RBC transfusion when compared with the use of FFP 
in patients undergoing cardiac surgery complicated by 
bleeding. Treatment with PCC did not increase the risk of 
thromboembolic events, stroke, AKI, RRT, or mortality. 
Altogether, these findings suggest that PCC may be consid-
ered a safe and effective alternative to FFP.
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