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Background: Pediatric patients are at high risk of massive bleeding after cardiac surgery under
cardiopulmonary bypass (CPB). Fibrinogen is essential for coagulation; however, pediatric patients with
congenital heart disease (CHD) present abnormal fibrinogen function. The pre- and post-operative
fibrinogen level may affect the bleeding and transfusion amount in patients undergoing cardiac surgery.
However, the relationship between plasma fibrinogen levels and the bleeding and transfusion amount in
pediatric cardiac surgery remains unclear. This study aimed to assess the association of pre-CPB fibrinogen
levels (PreFib) and post-CPB fibrinogen levels (PostFib) with postoperative bleeding and transfusion volume
in pediatric cardiac surgery.

Methods: We reviewed the medical records of 375 newborns and infants who underwent cardiac surgery
under CPB for CHD. The primary endpoint was the correlation of the PreFib and PostFib values, as well as
their difference (FibGap), with the bleeding and transfusion amount within 24 postoperative hours.
Results: There was no correlation of the PreFib, PostFib, and FibGap values with the bleeding and
transfusion amounts at postoperative 24 hours. However, patients with PreFib and PostFib values of
<150 and <100 mg/dL, respectively, showed a significantly higher frequency of postoperative platelet (PLT)
transfusion. In patients with complex CHD, PreFib showed a weak negative correlation with the bleeding
amount at postoperative 24 hours and the number of PLT-transfused patients.

Conclusions: Our findings suggest that in pediatric patients with CHD who cannot undergo point-of-
care (POC) tests, those presenting PreFib and PostFib values of <150 and <100 mg/dL, respectively, have a
significantly higher frequency of postoperative PLT transfusion.
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Introduction

Newborns and infants are at a high risk of massive bleeding
after congenital heart surgery; moreover, postoperative
bleeding increases the mortality rate after cardiopulmonary
bypass (CPB) surgery. Additionally, increased pulmonary
complications and delayed hospital stay may result from an
increased blood transfusion volume (1,2). Age and cyanotic
disease are established risk factors for postoperative
coagulopathy in pediatric cardiac surgery (3,4). Other
factors associated with increased bleeding after CPB include
weight (<8 kg), complexity of surgery, duration of CPB,
length of deep hypothermic circulatory arrest (DHCA),
and redo surgery (3,5). In pediatric patients, specific factors,
including the immature haemostatic system and a higher
degree of bypass haemodilution, should be considered (6).

Fibrinogen is a plasma glycoprotein produced in the liver
that is essential for blood coagulation; specifically, it mediates
platelet (PLT) aggregation. Normal fibrinogen levels range
from 150 to 400 mg/dL (7-9). Infants aged <12 months
with congenital heart disease (CHD) present abnormal
fibrinogen function (10) because there are differences in
the biochemical composition and physical structure of the
fibrinogen molecules between adults and infants (11), as well
as blood dilution and wasting resulting from CPB during
cardiac surgery (12,13). According to von Felten’s research,
presence of fibrin degradation products (FDPs) has been with
some cases of prolonged thrombin times (14). Pre- and post-
operative plasma fibrinogen levels has been shown to affect
the bleeding and transfusion amount in adult and pediatric
patients undergoing cardiac surgery (15-19).

However, the research for identifying the relationship
of plasma fibrinogen levels with the bleeding and
transfusion amount in pediatric cardiac surgery remains
lack. Additionally, the few related studies have had small
sample sizes. This study aimed to investigate whether pre-
CPB fibrinogen levels (PreFib) and post-CPB fibrinogen
levels (PostFib) were associated with postoperative
bleeding and transfusion volume in pediatric cardiac
surgery. We present the following article in accordance
with the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-21-236/rc).

Methods
Study design and patient population

Between January 1, 2014, and September 30, 2016, medical
records were reviewed for 375 newborns and infants who
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underwent CPB for CHD, including simple (which may
involve one heart valve or a hole inside the heart) and
complex (which may affect several parts of the heart and
how blood is circulated) heart anomalies. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
Institutional Review Board of Pusan National University
Yangsan Hospital (Ref: 05-2016-160) and individual consent
was waived due to the retrospective nature of the study.

Clinical practice

Anaesthesia was induced and maintained based on the
pediatric cardiac anaesthesia protocol at Pusan National
University Yangsan Hospital. The operation was performed
under hypothermia (28-30 degrees); additionally, alpha-
stat pH management and target perfusion pressure were
maintained at 30-50 mmHg. Before CPB initiation,
unfractionated heparin (300-400 unit/kg) was intravenously
injected for anticoagulation. During the CPB maintenance
period, heparin was added, as appropriate, to maintain an
activated clotting time (ACT) for >400 seconds. Upon CPB
weaning after completing the main procedure, heparin was
reversed using protamine sulphate (I mg/heparin 100 unit).
Protamine sulfate (0.5-1 mg/kg) was additionally
administered to maintain a baseline ACT of <110%.
Fibrinogen levels were measured after anaesthesia induction
(before skin incision) and protamine reversal. Transfusion
during the perioperative period was performed following
the standard transfusion guidelines in our hospital. In cases
with clinically significant bleeding tendency and massive
bleeding, additional blood coagulation factors and PLTs
were added at the judgment of the operating physician and
the anaesthesiologist.

Blood drained through the chest tube was postoperatively
measured in the intensive care unit (ICU) for 24 postoperative
hours and calculated as the bleeding amount. Further, the
transfusion amount was defined as that within 24 postoperative

hours in the ICU.

Outcomes

Normal fibrinogen levels range from 150-400 mg/dL (7-9);
further, the reference pre-CPB value was set at 150 mg/dL.
The primary outcome was the correlation of the PreFib,
PostFib, and fibrinogen gap (FibGap; PostFib - PreFib)
values with blood loss and transfusion volume within
24 hours after pediatric cardiac surgery. Additionally, we
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investigated whether these factors affect the length of ICU
stay and mechanical ventilation.

Statistical analysis

The normality of distribution was verified by Shapiro-Wilk
normality test. Differences in PreFib, PostFib, FibGap,
bleeding and transfusion amount, mechanical ventilation
length, ICU stay, and dichotomous data were used to
determined using Fisher’s exact test. A two-sample 7-test or
the Wilcoxon rank-sum test was used for continuous data.
Further, Pearson’s correlation analyses were performed
to determine the correlation between the bleeding and
transfusion amount within 24 hours after pediatric cardiac
surgery. Univariate logistic regression and receiver
operating characteristic (ROC) analysis was also performed
for verification of the association of PreFib level with other
factors. Statistical significance was set at P value <0.05.

Results
PreFib

There was no significant between-group differences in age,
height, weight, and CHD type based on a PreFib level of
150 mg/dL. For patients with PreFib <150 mg/dL, pre-
and post-operative fibrinogen levels were both lower;
additionally, there were larger FibGap values than those
in the group with >150 mg/dL. Additionally, for patients
with PreFib <150 mg/dL, there was no difference in the
postoperative frequency of transfusion of packed red blood
cells (pRBC) and fresh frozen plasma (FFP) in the ICU.
However, there was a higher frequency of PLT" transfusion.
However, there was no between-group difference in the
bleeding amount, length of ICU stay, and postoperative
mechanical ventilation (Table 1).

PostFib

Upon group classification based on a PostFib value of
100 mg/dL, there were no between-group difference in age
and weight; however, there were between-group differences
in height and CHD type. For patients with PostFib
>100 mg/dL, there was a large proportion of simple CHD.
Additionally, for patients with PostFib <100 mg/dL, the CPB
duration was 109 min (31.00, 278.00). Further, the duration
of aortic cross clamping (ACC) was 76 min (13.00, 190.00),
which was longer than that of the >100 mg/dL group. For
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patients with PostFib <100 mg/dL, both pre- and post-
operative fibrinogen levels were both lower; additionally,
the differences were smaller than those in the >100 mg/dL
group. There was no between-group difference in the
postoperative frequency of total transfusion (regardless of
blood type) in the ICU. The frequencies of pRBC, FFP, and
PLT transfusions in the ICU were higher in the PostFib
<100 mg/dL group; however, they showed low blood
transfusion. There was no between-group difference in the
postoperative bleeding amount, length of ICU stay, and
postoperative mechanical ventilation (7able 2).

FibGap

Upon group categorization based on a FibGap value
of 50 mg/dL, there were no significant between-group
differences in age, weight, and height; however, there were
between-group differences in the CHD type. When the
FibGap value was <50 mg/dL, there was a large proportion
of simple CHD. Additionally, for patients with a FibGap
value of >50 mg/dL, the CPB duration was 110 min (31.00,
318.00) and the ACC duration was 73 min (7.00, 190.00),
which was longer than that of patients with <50 mg/dL. In
the FibGap >50 mg/dL, both PreFib and PostFib values
were higher than those in the <50 mg/dL group. There was
no between-group difference in the bleeding amount at
24 postoperative hours, the postoperative total frequency
of transfusion in the ICU (regardless of the blood type, the
frequency of pRBC, FFP, PL'T; and pump blood transfusion.
The length of ICU stay and mechanical ventilation was
longer at FibGap >50 mg/dL [3.00 days (1.00, 14.00) and
29.00 hours (5.00, 260.00), respectively] (Table 3).

Comparison of characteristics between the simple and
complex CHD groups

Upon classification based on simple and complex CHD,
there was no between-group difference in age, weight,
height, and PreFib; however, there were significant
between-group differences in PostFib and FibGap values.
Moreover, there was a between-group difference in all the
measured factors except the total number of transfused
patients (Tuable 4). Therefore, we further analysed the
correlation between PreFib levels and transfusion-related
factors (Table 5). None of the factors showed a significant
correlation; however, some factors showed a weakly negative
correlation. Specifically, in complex CHD, there was a
meaningful negative correlation of the bleeding amount at
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Variable Overall (n=375) PreFib <150 mg/dL (n=106) PreFib =150 mg/dL (n=269) P value
Simple CHD (%) 200 (53.3) 58 (54.7) 142 (52.8) 0.818
Complex CHD (%) 175 (46.7) 48 (45.3) 127 (47.2)
Age (months) 3.00 [0.00, 12.00] 3.00 [0.00, 12.00] 2.00 [0.00, 12.00] 0.352
Weight (kg) 5.59 (1.98) 5.59 (1.83) 5.59 (2.04) 0.990
Height (cm) 60.63 (9.50) 60.45 (8.58) 60.70 (9.85) 0.808
Fibrinogen (mg/dL)
Pre-CPB 171.00 [76.80, 415.00] 131.25 [76.80, 149.00] 191.00 [150.00, 415.00] 0.000*
Post-CPB 104.00 [53.10, 237.00] 81.65 [53.10, 129.00] 111.50 [60.00, 237.00] 0.000*
Gap -67.00 [-188.00, —-17.90] -46.30 [-83.90, —17.90] -77.00 [-188.00, —27.00] 0.000*
PLT (10%/uL)
Pre-CPB 333.00 [87.00, 673.00] 331.50 [148.00, 599.00] 333.00 [87.00, 673.00] 0.866
Post-CPB 82.00 [21.00, 752.00] 80.00 [28.00, 752.00] 82.00 [21.00, 191.00] 0.291
Gap —-247.00 [-552.00, 383.00] —-245.50 [-511.00, 383.00] —-247.00 [-552.00, —29.00] 0.842
Hb (g/dL)
Pre-CPB 12.00 [8.70, 20.30] 12.10[9.30, 20.30] 11.90 [8.70, 20.10] 0.722
Post-CPB 12.60 [8.50, 16.30] 12.45 [8.50, 15.20] 12.70[9.70, 16.30] 0.110
Gap 0.40 [-7.00, 5.30] 0.20 [-5.70, 5.30] 0.50 [-7.00, 5.10] 0.167
Duration of CPB (min) 104.00 [31.00, 318.00] 100.50 [31.00, 299.00] 107.00 [42.00, 318.00] 0.912
Duration of ACC (min) 71.00 [7.00, 190.00] 70.50 [13.00, 164.00] 71.00 [7.00, 190.00] 0.757
Blood loss at postoperative 50.70 [8.20, 279.00] 53.35 [16.70, 230.00] 50.00 [8.20, 279.00] 0.550
24 hours (mL)
Amount of transfusion at 80.00 [0.00, 885.00] 85.00 [0.00, 885.00] 80.00 [0.00, 650.00] 0.703
postoperative 24 hours (mL)
Number of transfused patients (%)
Total 364 (97.1) 103 (97.2) 261 (97.0) 1.000
pRBC 140 (37.3) 46 (43.4) 94 (34.9) 0.155
FFP 47 (12.5) 16 (15.1) 31 (11.5) 0.387
PLT 25 (6.7) 14 (13.2) 11 (4.1) 0.003*
Pump blood 291 (77.6) 74 (69.8) 217 (80.7) 0.028*
Length of ICU stay (days) 3.00 [1.00, 14.00] 3.00 [1.00, 13.00] 3.00 [1.00, 14.00] 0.094
Length of mechanical ventilation 27.00 [5.00, 260.00] 25.00 [6.00, 260.00] 28.00 [5.00, 220.00] 0.077

(hours)

Two-sample t-test or Wilcoxon rank-sum test was performed for continuous data, and Fisher’s exact test for categorical data. *, P value
<0.05. PreFib, pre-CPB level of fibrinogen; CHD, congenital heart disease; CPB, cardiopulmonary bypass; PLT, platelet; Hb, hemoglobin;
ACC, aortic cross clamping; pRBC, packed red blood cell; FFP, fresh frozen plasma; ICU, intensive care unit.
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Table 2 Comparison of characteristics between high and low PostFib

Variable PostFib <100 mg/dL (n=155) PostFib =100 mg/dL (n=220) P value
Simple CHD (%) 70 (45.2) 130 (59.1) 0.009*
Complex CHD (%) 85 (54.8) 90 (40.9)
Age (months) 3.00 [0.00, 12.00] 2.50[0.00, 12.00] 0.130
Weight (kg) 5.37 (1.97) 5.74 (1.98) 0.072
Height (cm) 59.06 (9.26) 61.74 (9.54) 0.007*
Fibrinogen (mg/dL)
Pre-CPB 144.00 [76.80, 242.00] 197.50 [126.50, 415.00] 0.000*
Post-CPB 83.30 [53.10, 99.00] 120.00 [100.00, 237.00] 0.000*
Gap -58.70 [-151.40, -17.90] -72.00 [-188.00, —18.00] 0.000*
PLT (10%/uL)
Pre-CPB 330.00 [87.00, 599.00] 334.00 [115.00, 673.00] 0.603
Post-CPB 75.00 [21.00, 752.00] 88.50 [29.00, 191.00] 0.000*
Gap -252.00 [-511.00, 383.00] -245.50 [-552.00, -29.00] 0.507
Hb (g/dL)
Pre-CPB 12.40 [9.30, 20.30] 11.55[8.70, 19.80] 0.001*
Post-CPB 12.60 [8.50, 15.50] 12.50[9.70, 16.30] 0.753
Gap 0.10 [-7.00, 5.30] 0.60 [-7.00, 5.10] 0.004
Duration of CPB (min) 109.00 [31.00, 278.00] 100.50 [42.00, 318.00] 0.005*
Duration of ACC (min) 76.00 [13.00, 190.00] 69.00 [7.00, 177.00] 0.003*
Blood loss at postoperative 24 hours (mL) 54.50 [8.20, 279.00] 60.00 [0.00, 210.00] 0.076
Amount of transfusion at postoperative 24 hours (mL) 90.00 [0.00, 885.00] 80.00 [0.00, 655.00] 0.211
Number of transfused patients (%)
Total 152 (98.1) 212 (96.4) 0.536
pRBC 68 (43.9) 72 (32.7) 0.031*
FFP 26 (16.8) 21(9.5) 0.041*
PLT 19 (12.3) 6 (2.7) 0.000*
Pump blood 106 (68.4) 185 (84.1) 0.000*
Length of ICU stay (days) 3.00 [1.00, 13.00] 3.00 [1.00, 14.00] 0.303
Length of mechanical ventilation (hours) 30.00 [6.00, 260.00] 25.50 [5.00, 220.00] 0.146

Two-sample t-test or Wilcoxon rank-sum test was performed for continuous data, and Fisher’s exact test for categorical data.
*, P value <0.05. PostFib, post-CPB level of fibrinogen; CHD, congenital heart disease; CPB, cardiopulmonary bypass; PLT, platelet; Hb,
hemoglobin; ACC, aortic cross clamping; pRBC, packed red blood cell; FFP, fresh frozen plasma; ICU, intensive care unit.
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Table 3 Comparison of characteristics between high and low level of FibGap

Variable FibGap <50 mg/dL (n=91) FibGap =50 mg/dL (n=284) P value
Simple CHD (%) 61 (67.0) 139 (48.9) 0.003*
Complex CHD (%) 30 (33.0) 145 (51.1)
Age (months) 3.00 [0.00, 12.00] 2.00 [0.00, 12.00] 0.052
Weight (kg) 5.91 (1.78) 5.49 (2.03) 0.058
Height (cm) 61.97 (8.27) 60.21 (9.84) 0.094
Fibrinogen (mg/dL)
Pre-CPB 132.00 [76.80, 226.00] 187.70[110.70, 415.00] 0.000*
Post-CPB 96.10 [53.10, 186.00] 106.70 [58.50, 237.00] 0.000*
Gap -39.20 [-49.90, -17.90] -75.00 [-188.00, —50.00] 0.000*
PLT (10%/uL)
Pre-CPB 330.00 [186.00, 547.00] 334.00 [87.00, 673.00] 0.687
Post-CPB 85.00 [32.00, 752.00] 79.00 [21.00, 191.00] 0.095
Gap -237.00 [-433.00, 383.00] -248.00 [-552.00, —29.00] 0.246
Hb (g/dL)
Pre-CPB 11.50 [9.30, 20.30] 12.25[8.70, 20.10] 0.002*
Post-CPB 12.30 [9.80, 16.20] 12.75[8.50, 16.30] 0.001*
Gap 0.50 [-5.50, 5.30] 0.40[-7.00, 5.10] 0.310
Duration of CPB (min) 96.00 [45.00, 299.00] 110.00 [31.00, 318.00] 0.001*
Duration of ACC (min) 66.00 [19.00, 140.00] 73.00 [7.00, 190.00] 0.009*
Blood loss at postoperative 24 hours (mL) 48.50 [16.70, 230.00] 51.15 [8.20, 279.00] 0.516
Amount of transfusion at postoperative 24 hours (mL) 75.00 [0.00, 885.00] 90.00 [0.00, 650.00] 0.192
Number of transfused patients (%)
Total 89 (97.8) 275 (96.8) 1.000
pRBC 30 (33.0) 110 (38.7) 0.384
FFP 9(9.9) 38 (13.4) 0.468
PLT 5 (5.5) 20 (7.0) 0.810
Pump blood 72 (79.1) 219 (77.1) 0.773
Length of ICU stay (days) 3.00 [1.00, 8.00] 3.00 [1.00, 14.00] 0.020*
Length of mechanical ventilation (hours) 24.00 [6.00, 187.00] 29.00 [5.00, 260.00] 0.005*

Two-sample t-test or Wilcoxon rank-sum test was performed for continuous data, and Fisher’s exact test for categorical data. *, P value
<0.05. FibGap, gap between pre- and post-CPB level of fibrinogen; CHD, congenital heart disease; CPB, cardiopulmonary bypass; PLT,
platelet; Hb, hemoglobin; ACC, aortic cross clamping; pRBC, packed red blood cell; FFP, fresh frozen plasma; ICU, intensive care unit.
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Table 4 Comparison of characteristics between simple CHD group and complex CHD group

Variable Overall Simple CHD Complex CHD P value
Number (%) 375 (100.0) 200 (53.3) 175 (47.6)
Age (months) 3.00 [0.00, 12.00] 2.00 [0.00, 12.00] 3.00 [0.00, 12.00] 0.333
Weight (kg) 5.59 (1.98) 5.49 (1.75) 5.70 (2.22) 0.311
Height (cm) 60.63 (9.50) 60.85 (8.34) 60.39 (10.69) 0.648
Fibrinogen (mg/dL)
Pre-CPB 171.00 [76.80, 415.00] 166.30 [100.60, 356.00] 180.00 [76.80, 415.00] 0.129
Post-CPB 104.00 [53.10, 237.00] 106.00 [59.80, 210.90] 100.80 [53.10, 237.00] 0.001*
Gap —-67.00 [-188.00, -17.90] —-60.00 [-181.00, -18.00] —-76.00 [-188.00, -17.90] 0.000*
PLT (10%/uL)
Pre-CPB 333.00 [87.00, 673.00] 347.00 [87.00, 673.00] 314.00 [119.00, 599.00] 0.000*
Post-CPB 82.00 [21.00, 752.00] 91.00 [21.00, 191.00] 71.00 [22.00, 752.00] 0.000*
Gap —-247.00 [-552.00, 383.00] —-256.00 [-552.00, —29.00] —234.00 [-511.00, 383.00] 0.022*
Hb (g/dL)
Pre-CPB 12.00 [8.70, 20.30] 11.20 [8.80, 20.10] 13.20 [8.70, 20.30] 0.000"
Post-CPB 12.60 [8.50, 16.30] 12.40[9.70, 16.20] 12.80 [8.50, 16.30] 0.001*
Gap 0.40 [-7.00, 5.30] 0.95 [-7.00, 4.90] -0.60 [-7.00, 5.30] 0.000*
Duration of CPB (min) 104.00 [31.00, 318.00] 88.00 [42.00, 187.00] 138.00 [31.00, 318.00] 0.000*
Duration of ACC (min) 71.00 [7.00, 190.00] 59.00 [22.00, 153.00] 94.00 [7.00, 190.00] 0.000*
Blood loss at postoperative 50.70 [8.20, 279.00] 41.90 [8.20, 154.10] 69.00 [14.80, 279.00] 0.000*
24 hours (mL)
Amount of transfusion at 80.00 [0.00, 885.00] 80.00 [0.00, 230.00] 100.00 [0.00, 885.00] 0.000*
postoperative 24 hours (mL)
Number of transfused patients (%)
Total 364 (97.1) 197 (98.5) 167 (95.4) 0.123
pRBC 140 (37.3) 57 (28.5) 83 (47.4) 0.000*
FFP 47 (12.5) 8 (4.0) 39 (22.3) 0.000*
PLT 25 (6.7) 2(1.0 23 (13.1) 0.000*
Pump blood 291 (77.6) 175 (87.5) 116 (66.3) 0.000*
Length of ICU stay (days) 3.00[1.00, 14.00] 3.00[1.00, 13.00] 3.00 [1.00, 14.00] 0.003*
Length of mechanical ventilation 27.00 [5.00, 260.00] 26.50 [6.00, 260.00] 28.00 [5.00, 220.00] 0.046*

(hours)

Two-sample t-test or Wilcoxon rank-sum test was performed for continuous data, and Fisher’s exact test for categorical data. *, P value
<0.05. CHD, congenital heart disease; CPB, cardiopulmonary bypass; PLT, platelet; Hb, hemoglobin; ACC, aortic cross clamping; pRBC,
packed red blood cell; FFP, fresh frozen plasma; ICU, intensive care unit.
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Table 5 Correlation with level of fibrinogen pre-CPB and other factors

Variable Pearson r P value

Overall (n=375)
Blood loss at postoperative 24 hours (mL) -0.063 0.226
Amount of transfusion at postoperative 24 hours (mL) —-0.053 0.309

Number of transfused patients (%)

pRBC -0.032 0.535
FFP -0.013 0.800
PLT -0.134 0.009*
Pump blood 0.003 0.953
Length of ICU stay (days) 0.163 0.002*
Length of mechanical ventilation (hours) 0.146 0.005*

Simple CHD (n=200)
Blood loss at postoperative 24 hours (mL) 0.012 0.866
Amount of transfusion at postoperative 24 hours (mL) 0.048 0.497

Number of transfused patients (%)

pRBC 0.105 0.138
FFP 0.057 0.421
PLT -0.085 0.232
Pump blood -0.039 0.580
Length of ICU stay (days) 0.133 0.061
Length of mechanical ventilation (hours) 0.108 0.127

Complex CHD (n=175)
Blood loss at postoperative 24 hours (mL) -0.163 0.031*
Amount of transfusion at postoperative 24 hours (mL) -0.124 0.102

Number of transfused patients (%)

pRBC -0.122 0.109
FFP -0.064 0.399
PLT -0.195 0.010*
Pump blood 0.062 0.415
Length of ICU stay (days) 0.177 0.019*
Length of mechanical ventilation (hours) 0.165 0.029*

*, P value <0.05. CPB, cardiopulmonary bypass; r, correlation coefficient; pRBC, packed red blood cell; FFP, fresh frozen plasma; PLT,
platelet; ICU, intensive care unit; CHD, congenital heart disease;
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Table 6 Univariate logistic regression and ROC analysis for the association of fibrinogen pre-CPB level with other factors

Univariate analysis ROC analysis
Variable
OR (95% ClI) P value AUC
Complex CHD (n=175)
Blood loss at postoperative 24 hours (mL) 0.994 (0.987, 1.000) 0.044* 0.606
Amount of transfusion at postoperative 24 hours (mL) 0.999 (0.994, 1.005) 0.842 0.415
Number of transfused patients (%)
Total 0.991 (0.979, 1.002) 0.107 0.717
pRBC 0.997 (0.991, 1.003) 0.310 0.548
FFP 0.995 (0.988, 1.003) 0.221 0.567
PLT 0.991 (0.982, 1.001) 0.075 0.638
Pump blood 1.005 (0.999, 1.011) 0.127 0.560
Length of ICU stay (days) 1.002 (0.995, 1.008) 0.632 0.490
Length of mechanical ventilation (hours) 1.002 (0.996, 1.008) 0.452 0.520

*, P value <0.05. ROC, receiver operating characteristic; CPB, cardiopulmonary bypass; CHD, congenital heart disease; OR, odds ratio;
Cl, confidence interval; AUC, area under the curve; pRBC, packed red blood cell; FFP, fresh frozen plasma; PLT, platelet; ICU, intensive

care unit.

24 postoperative hours with the number of PLI-transfused
patients. However, univariate analysis, the only significant
factor was the bleeding amount at 24 postoperative hours;
moreover, the area under the curve of the total number of

transfused patients was 0.717 (1able 6).

Discussion

This study revealed no correlation of the PreFib, PostFib,
and FibGap values with the bleeding or transfusion
amount at 24 postoperative hours. However, cases with
PreFib <150 mg/dL and PostFib <100 mg/dL showed
a significantly higher frequency of postoperative PLT
transfusion. In patients with complex CHD, PreFib showed
a weak negative correlation with the bleeding amount at
postoperative 24 hours and the number of PLT-transfused
patients. Univariate analysis revealed that the bleeding
amount at postoperative 24 hours was significant; however,
the odds ratio (OR) was 0.994 (0.987), which is indicative of
a lack of a clinical significance.

In cardiac surgery under CPB, coagulopathy can result
from contact between blood and non-endothelial surfaces,
anticoagulation using unfractionated heparin, protamine
over dosage, and hypothermia, which causes massive
bleeding (20). Coagulopathy in pediatric cardiac surgery
under CPB may be more complex and associated with poor

© Translational Pediatrics. All rights reserved.

postoperative outcomes (1). Therefore, quick recognition
of coagulopathy with appropriate haemostatic therapy
in pediatric cardiac surgery could prevent postoperative
bleeding, as well as reduce the morbidity, mortality, and
COSts.

Unfortunately, there remains no accurate biomarker
for identifying individuals at a high-risk of post-CPB
bleeding. Moreover, activated partial thromboplastin time,
prothrombin time, and PLT count, which are commonly
used in the perioperative period, have a low predictability for
bleeding after cardiac surgery (21). Fibrinogen is a plasma
protein crucially involved in haemostasis and clot formation.
After cleavage through thrombin, it is polymerized to form
fibrin strands, which create a structural network for effective
clot formation (22). It has been reported that the pre- and
postoperative plasma fibrinogen levels after adult cardiac
surgery are independent predictors of the bleeding and
transfusion amount (15). Blome and co-workers reported
that in adult cardiac surgery, there is a negative relationship
of the PreFib and PostFib with postoperative bleeding (23).
Newborns and infants may present deficiencies in various
coagulation factors in the plasmats (24), including
fibrinogen dysfunction (25-27). Additionally, Faraoni and
co-workers reported an association of low fibrinogen levels
with severe postoperative bleeding in pediatric cardiac
surgery. Moreover, the fibrinogen level naturally increases
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to the normal range after 24 postoperative hours (17).
"Taken together, fibrinogen supplementation may effectively
prevent or treat postoperative bleeding in pediatric
cardiac surgery. However, the optimal fibrinogen level for
preventing bleeding and blood clots remain unclear.

Additionally, thromboelastography (TEG®, Haemostasis
system, Haemoscope Corporation, Niles, IL, USA) or
rotational thromboelastometry (ROTEM), which is a
point-of-care (POC) test for bedside evaluation of all
blood coagulation stages. TEM® International GmbH,
Munich, Germany) has allowed algorithm-based transfusion
and has been used in pediatric cardiac surgery (28-30).
However, given that this equipment is not widely available
across all medical institutions, we attempted to determine
whether PreFib and PostFib levels could help determine
postoperative bleeding and transfusion. Unfortunately,
unlike previous findings on adult patients, our findings
suggested that in pediatric cardiac surgery, the fibrinogen
levels could not predict postoperative bleeding and
transfusion.

To determine the functional ability of fibrinogen,
thrombin and reptilase times are used for infants and
children, respectively (14,31), to measure the conversion
rate of fibrinogen to fibrin after administering an external
stimulant, including thrombin or reptilase (32). Test results
can be prolonged by factors, including heparin, pathologic
serum protein, and fibrinogen/FDPs (14). However, there
remains controversy regarding whether the delay of test
results is attributed to a fibrinogen conversion problem or
a functional problem (14,25). However, thrombin time has
been reported to be further extended even in the absence of
FDPs (31,33). Taken together, these findings suggest that
fibrinogen may present congenital functional abnormalities
(dysfunctional ‘foetal’ fibrinogen) in infants. Although
there was a between-group difference in fibrinogen levels,
there was no between-group difference in the bleeding
amount within 24 postoperative hours. This suggests that
dysfunctional ‘foetal’ fibrinogen cannot be excluded since
we included patients aged within 12 months. However,
in complex CHD, PreFib revealed a weakly negative
correlation with the bleeding amount at postoperative
24 hours and number of PLT-transfused patients.
Additionally, in patients with PreFib and PostFib values
of <150 and <100 mg/dL, respectively, the postoperative
frequency of PLT transfusion was significantly higher;
therefore, it can be clinically applied. For example, in cases
where complex CHD surgery is required without POC
tests, for patients with lower PreFib values than the normal
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range, blood supply may be prepared in advance to facilitate
PLT transfusion.

This study has several limitations. First, pre- and post-
CPB transfusion may affect the postoperative bleeding
and transfusion amount; however, we did not include
this parameter. Second, regarding massive bleeding after
weaning from CPB, human fibrinogen, tranexamic acid,
p-aminomethyl benzoic acid, and hemocoagulase were
administered; however, these factors were not included.
Third, POC tests, including the TEG and ROTEM, were
not performed; moreover, we did not evaluate the actual
fibrinogen-PLT interaction. Fourth, massive bleeding was
defined by Martinowitz and Michaelson as the loss of entire
blood volume within 24 hours (34); however, none of the
patients met the criteria of the maximum bleeding amount.
Therefore, we did not perform analysis divided into the
bleeder and non-bleeder groups.

In conclusion, our findings indicated that pediatric
patients (aged <12 months) with complex CHD undergoing
cardiac surgery who show PreFib and PostFib <150 and
<100 mg/dL, respectively, have a significantly higher
frequency of postoperative PLT transfusion. Further research
should be performed for identification of relationship
between level of fibrinogen and transfusion.
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