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OZET

AMAG: Acik kalp cerrahisinde ciddi bir sorun olmaya devam
eden postoperatif kanamanin riskini azaltmak icin uygulanan
fibrinojen konsantrelerinin etkisi tartismalidir. Koroner arter
baypas greftleme operasyonlarinda (KABG) kardiyopulmoner
baypas (KPB) sonrasi uygulanan fibrinojen infliizyonunun pos-
toperatif kanama Uzerine etkisini sunmayi amacladik.

GEREG VE YONTEM: Calismaya, KABG yapilan ve fibrinojen dii-
zeyleri KPB sonrasi 2.5 g/L altinda 6l¢llen 67 hasta dahil edildi.
Fibrinojen konsantresi verilen 32 hastanin (Grup F; n=32 hasta)
verileri, fibrinojen konsantresi verilmeyen 35 hastanin verileri
ile (Grup NF; n=35 hasta) karsilastirildi.

BULGULAR: KPB sonrasi fibrinojen diizeylerini 2,5 g/L ve lize-
rine ¢ikarmak icin hastalara fibrinojen konsantresi uygulandi.
KPB sonrasi fibrinojen seviyeleri, her iki grup icin preoperatif
seviyelere gore anlamli olarak azaldi (p<0.01), ancak azalma
orani agisindan gruplar arasinda fark yoktu (p=0.321). Grup
F'deki hastalara 2,94+0,91 g fibrinojen uygulandi. Gruplar arasi
postoperatif drenaj hem 0-12 saat (p=0,142) hem de 12-24 saat
(p=0,309) arasinda anlamli degildi.

SONUC: Fibrinojen konsantresi, dlsik plazma fibrinojen di-
zeylerini artiran ikincil etkilerle postoperatif drenaj miktarini
azaltabilir ve pihtilasma fizyolojisinin diizelmesine katkida bu-
lunabilir. Ancak bu azalma istatistiksel olarak anlamli olmadigi
icin fibrinojen konsantrelerinin sadece kanama riski yliksek has-
talarda ve KPB sonrasi fibrinojen diizeyi <1.5 g/L'nin altinda olan
hastalarda kullanilmasi gerektigini duistinliyoruz.

ANAHTAR KELIMELER: Fibrinojen, Koroner arter baypas cerra-
hisi, Postoperatif kanama
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ABSTRACT

OBJECTIVE: The effect of administered fibrinogen concentra-
tes in reducing the risk of postoperative bleeding that remains
a serious problem in open heart surgery is controversial. We ai-
med to present the effect of fibrinogen concentrates on posto-
perative bleeding applied after cardiopulmonary bypass (CPB)
in coronary artery bypass grafting (CABG).

MATERIAL AND METHODS: 67 patients who underwent CABG
and measured below 2.5 g / L fibrinogen after CPB were inclu-
ded in the study. Data of 32 patients (Group F; n=32 patients)
who were given fibrinogen concentrate were compared with
35 patients (Group NF; n=35 patients) who were not given fib-
rinogen concentrate.

RESULTS: After CPB, fibrinogen concentrate was applied to pa-
tients in order to increase fibrinogen levels to 2.5 g/L and abo-
ve. For both groups, fibrinogen levels decreased significantly
after CPB compared to preoperative levels (p<0.01), however,
there was no difference between the groups in terms of reduc-
tion rate (p = 0.321). 2.94+0.91 g fibrinogen was administered
to the patients in Group F. Postoperative drainage between
the groups was not significant in both the 0-12 hour period
(p=0.142) and 12-24 hour period(p = 0.309).

CONCLUSIONS: Fibrinogen concentrate may reduce the
amount of postoperative drainage with secondary effects whi-
ch increased low plasma fibrinogen levels and contributes to
recovery of coagulation physiology. However, because this dec-
rease was not statistically significant, we think that fibrinogen
concentrates should be used only in patients with a high risk
of bleeding and in patients with fibrinogen levels below <1.5
g/L after CPB.

KEYWORDS: Fibrinogen, Coronary artery bypass graft, Posto-
perative bleeding
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INTRODUCTION

Fibrinogen, which is synthesized in the liver
and is an acute phase reactant, plays an im-
portant role in coagulation due to its effect on
platelet activation and insoluble clot form (1).
Many factors such as the foreign surface effect
of cardiopulmonary bypass (CPB) circuits used
in cardiac surgery, CBP-related reactions, hypo-
thermia and hemodilution lead to a decrease in
fibrinogen levels (2). The relationship between
fibrinogen levels and the amount of postopera-
tive bleeding has been described in the literatu-
re (3). However, the determinants of bleeding in
open heart surgery are multifactorial and espe-
cially CPB causes abnormalities in the hemos-
tasis system, making hemostasis management
difficult (3,4). On the other hand, bleeding-re-
lated reoperation and massive blood trans-
fusion increase both mortality and morbidity
rates, and prolonged hospital stay (5). Today,
specific coagulation factor concentrates are
widely used to facilitate hemostatic strategies
and reduce allogeneic blood use. Especially
fibrinogen concentrate is preferred more frequ-
ently because of the low risk of contamination
(6). In fact, the use of fibrinogen concentrates
has become popular after the first pilot study
proving that postoperative bleeding rates can
be reduced (7). In the literature, the results of
studies on the effect of fibrinogen concentrate
on postoperative bleeding are controversial (7-
9). However, fibrinogen concentrate was used
in different doses in these studies.

In this study, we aimed to investigate whether
the amount of postoperative bleeding is statis-
tically significant compared to patients with or
without fibrinogen concentrate, based on the
fibrinogen levels measured immediately after
CPB.

MATERIAL AND METHODS

The patients were informed about the use of
fibrinogen in the preoperative period. Between
June 2014 and June 2016, 67 patients who un-
derwent CPB with CPB and had fibrinogen le-
vels below 2.5 g/L just after CPB were included
in the study. These patients were divided into
two groups as 32 patients who were given fib-
rinogen concentrate (Group F; n=32 patients)

and 35 patients who were not given fibrinogen
concentrate (Group NF; n=35 patients). Patients
under 18 years of age, bleeding diathesis, his-
tory of anticoagulant medication in the last 7
days, patients with chronic kidney failure, per-
cutaneous coronary intervention (PCl) in the
last month, patients with mechanical support
device applied preoperatively or postoperati-
vely, patients which died early or without CPB
and emergency surgical procedures were exc-
luded from the study.

As the demographic findings and laboratory
tests of the patients, HbA1c (%), blood urea
nitrogen (BUN, mg/dL), creatinine (Cr; mg/dL),
hemoglobin (Hb; g/L), hematocrit (Htc;%), pla-
telet number (PLT, cell/uL), partial thromboplas-
tin time (aPTT, seconds), prothrombin time (PT,
seconds), international normalized rate (INR,%),
aspartate aminotransferase (AST, U/L), alani-
ne aminotransferase (ALT, U/L) and fibrinogen
(g/L) values were recorded.

Fibrinogen (g/L) levels were measured in the
preoperative period, immediately after CPB
and at the 12th and 24th hours of postopera-
tive follow-up with the Clauss method, and the
results of the fibrinogen value studied in an
average of 10 minutes with this method were
obtained within 15 minutes via the electronic
patient file system of our hospital. Fibrinogen
threshold value after CPB was accepted as 2.5
g/L (10). In order to increase the fibrinogen le-
vels below the threshold value defined as the
target level to 2.5 g/L and above, patients were
administered fibrinogen concentrate (Haemo-
complettan©P CSLBehring, Marburg, Germany)
by weight. The fibrinogen concentrate dose
was calculated with the formula below based
on the fibrinogen value measured immediately
after (11) CPB:

[Target level(g/lI) — Measured level(g/l)]‘
0.017 |

- mg
Fibrinogen dose (k_g) =

The dose of fibrinogen concentrate determined
by weight was given as an intravenous infusion
within 15 minutes by dissolving with 50 ml of
saline before the sternum was closed.

Surgical procedures were performed with CPB.
CPB perfomed with a membrane oxygenator
and non-pulsatile roller pump was maintained
under moderate hypothermia (rectal tempera-



ture 32-340C) with an average arterial pressu-
re of 60-80 mmHg and activated clotting time
(ACT)>480 seconds. When the CPB was termi-
nated, the effect of heparin was neutralized
with protamine sulfate with 1: 1 ratio.

In the postoperative period, laboratory values
and the amount of drainage from the chest tu-
bes were recorded. The first 12-hour drainage
amount postoperatively, according to Univer-
sal Definition of Perioperative Bleeding criteria
(12); defined as mild (600-800 ml), moderate
(801-1000 ml) and heavy (=1000 ml) bleeding.
The count of erythrocyte suspensions, fresh fro-
zen plasma and platelet suspensions adminis-
tered to the patients during their hospitalizati-
on were recorded.

Ethical Committee

This retrospective comparative study was ap-
proved by the ethics committee of our hospital
(decision 20.05.2014/10-49), in accordance with
the Helsinki Declaration Principles and patient
information was obtained from the patient files
of our clinic.

Statistical Analysis

Data analyzes were performed with the IBM®
SPSS (Statistical Package for the Social Sciences)
21.0 program. Suitability of variables to normal
distribution was determined by Shapiro-Wilk
test. Variables that are suitable for normal dist-
ribution are given as mean + standard deviati-
on, and variables that are not suitable are given
as median. Categorical variables were given in
frequency (percent). Student t test was used for
continuous numerical data and chi-square test
was used for categorical data. In the evaluation
of repeated measurements, two-way analysis of
variance (Repeated Measures two-way ANOVA)
and Bonferroni correction were used for repe-
ated measurements for variables suitable for
normal distribution. The quantities of changes
that do not fit the normal distribution were
compared with the Mann Whitney U test and
Paired-samples t test. The relationship between
postoperative bleedingamountand applied fib-
rinogen concentrate was evaluated by Post-hoc
analysis. Situations where P values were below
0.05 were considered statistically significant.
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RESULTS

The demographic and clinical features of the
patients are given in Table 1. The average age
of 32 patients (Male/Female; 23/9) in Group F
was 63.5 + 7.3 years and the average age of 35
patients (Male/Female; 25/10) in Group NF was
64.2+9.8 years. There was no difference betwe-
en the groups in terms of age (p = 0.736), gen-
der distribution (p = 0.968), weight (p = 0.576),
ejection fraction (EF; p = 0.646) and Euroscore
Il values (p = 0.121). 25 of 33 diabetic patients
were on insulin therapy. None of the patients
had bleeding diathesis, kidney failure, acute
myocardial infarction and a history of PCl in the
past month.

Table 1: Demographic and clinical features of patients

Group F (n=32)

Group NF (n=35) p value

635+7.3 64.2:9.8 0.736

23(71.9%) 25 (71.4%) 0.592

76.0+8.7 77.128.2 0.576

14 (43.8%) 15 (42.9%) 0.941

DM 14 (43.8%) 19 (54.3%) 0.389

HT 16 (50%) 17 (48.6%) 0.907

copPD 8 (25%) 10 (28.6) 0.742

EF, % 52.7+8.7 51.8+8.5 0.646

Hb, g/dL 15.121.0 14.940.7 0.328

Hte, % 45.6+4.3 44.33.0 0.135

PLT, hiicre/pL 250.9£56.6 251.1£63.3 0.994

BUN, mg/dL 16.5%5.8 17.123.9 0.821

Cr, mg/dL 0.9120.1 0.95+0.3 0.386

ALT, U/L 23.5+8.7 22.6+8.9 0.977

AST, U/L 20.1+8.5 19.648.1 0.950

28.4+4.1 28.5+5.3 0.970
14.8+2.8 14.543.4 0.666
1.02£0.08 1.03£0.09 0.596
6.5£1.7 6.7£1.5 0.425
3.42:0.38 3.37£0.35 0.585
1.87+0.85 1.58+0.97 0.121
83.6+14.0 80.2+12.9 0310

3.4:0.8 3.3£0.7 0.393

COPD, chronic obstructive pulmonary d
rit; PLT, platelet; BUN, blood urine nitroges
aPTT, activated partial thromboplasti

ized rate

Patients were operated by the same team.
Between groups, the duration of CPB (83.6+14.0
vs 80.2 £ 12.9 minutes, p=0.310, respectively)
and the number of distal anastomoses (3.4 £ 0.8
vs 3.3 £ 0.7, p=0.393, respectively) were similar.
After CPB, fibrinogen values were significantly
decreased in both groups compared to preo-
perative values (p <0.01). The reduction rate of
fibrinogen was similar in comparison between
groups (Mann-Whitney test corrected value; p
=0.321) (Table 2).

Table 2: Fibrinogen values by time

Time Group F, p* Group NF, P*
n=32 n=35

Difference
between two
groups

p# value

Preoperative value 3.42£0.38 3.37£0.35 0.58+0.1 0.585

Post-CPB value <0.01 <0.01

(Min-max.) 1.90£0.24 1.95£0.25 0.05£0.3 0.321

(1.45-2.41) (1.22-2.35)

Postoperative value

12. hour 3.29£0.29 2.77%0.28 0.530.3 <0.01

<0.01 <0.01

24. hour 4.180.38 3.640.34 0.54£0.5 <0.01

CPB, cardiopulmonary bypass; p*, value compared within groups; p#, comparison value between two groups
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It was observed that fibrinogen values decre-
ased more as the duration of CPB increased (p
<0.01). According to the fibrinogen values me-
asured after CPB, 2.94 + 0.91 g fibrinogen con-
centrate was administered to Group F patients
according to the formula (mg/kg). Fibrinogen
levels measured after CPB were compared with
values measured at 12th and 24th hours pos-
toperatively. According to the values measu-
red after CPB, the increase in fibrinogen values
at the 12th and 24th hours was significant for
both groups (p<0.01), however, in the compari-
son between groups, the increase in fibrinogen
value was greater for Group F Table 2.

In the postoperative period, drainage amounts
from the mediastinum and thorax tubes were
evaluated for the first 12 hours (0-12) and 12-
24 hours in milliliters. Although the amount of
drainage was lower in both follow-ups in Group
F, there was no significant difference. Drainage
amounts were 476.5 + 219.5 ml in Group F and
554.2 £241.4 ml in Group NF (p=0.142) in the
first 12 hours and 228.1 £ 82.2 ml in Group F
and 248.5+80.8 ml in Group NF between 12 - 24
hours (p=0.309). In addition, in the regression
analysis; no correlation was found between the
increase in fibrinogen level and the amount of
drainage in the first 12 hours (p = 0.433) and at
12-24 hours (p = 0.531). In post-hoc regression
analysis, prolonged aPTT values were associ-
ated with postoperative drainage rate (Odds
Ratio 0.53; p <0.01). It was noted that platelet
count (p =0.028) and aPTT time (p =0.033) im-
proved faster than Group NF in the fibrinogen
group. In addition, there was no difference in
erythrocyte suspension (p=0.169), fresh fro-
zen plasma (p=0.370) and platelet suspension
(p=0.314) used in both groups. Two patients
in Group F and five patients in Group NF were
revised within 12 hours postoperatively due to
heavy bleeding (=1000 ml) (p=0.253) (Table 3).
Although there is no statistical difference, this
may point to the role of fibrinonegen in the co-
agulation cascade and that bleeding may be
multifactorial.

Allergic reaction, thrombotic event and myo-
cardial infarction did not occur in any patient.

Table 3: Postoperative features of patients

Group F, n=32

Group NF, n=35 p value

Drainage, ml

0-12 hour 476.5+219.5 554.2+241.4 0.142

12-24. hour 228.182.2 2485:80.8 0309
Hb, g/dL
0-12. hour

9.7¢1.0 9.411.1 0.160

12-24. hour 10.3£0.5 10.0£0.6 0.322
Htc, %
0-12. hour

28.3£2.7 274%2.5 0.149

12-24. hour 31.2+3.4 30.5+3.1 0.216
PLT, cell/pL
0-12. hour

148.7455.3 139.8+49.5 0.028

12-24. hour 163.6x72.4 151.3+52.8 0.041

aPTT, second

0-12. hour 39.4£10.8 46.2+16.7 0.033

12-24. hour 29.1483 37.5+12.1 0.039

PT, second

0-12. hour 19.9%3.7 23.6+4.2 0.090

12-24. hour 15.62.4 18.243.1 0.106

ES 1.5620.7 1.71£0.5 0.169

FFP 2.4%1 26407 0.370

PS 0.1620.3 02404 0.314

Revision, n, % 2 (6.2%) 5 (14.2%) 0253

Hb, hemoglobin; Htc, hematocrit; PLT, platelet, aPTT, activated partial thromboplastin time; PT, prothrombin time; ES,
erythrocyte suspension; FFP, fresh frozen plasma; PS, platelet suspension

DISCUSSION

This study showed that plasma fibrinogen le-
vels were significantly reduced after CPB, and
a faster increase in fibrinogen levels was achie-
ved with the administered fibrinogen concent-
rate (p<0,01), but had no statistically significant
effect on bleeding in the postoperative period
(p = 0.142 for the first 12 hours).

Postoperative bleeding continues to be an im-
portant condition since it increases morbidity
rates, the number of uses of allogeneic blood
products and hospital costs in open heart sur-
gery, as well as causing more than half of re-o-
perations (13, 14). Therefore, preventive me-
asures such as autologous blood transfusion,
antifibrinolytic agents and coagulation factor
concentrates have been developed to prevent
complications of bleeding ( 6, 15,16).

It is critical in fibrinogen coagulation and it is
recommended to maintain plasma levels abo-
ve 1.5 g /L (17). Causes such as foreign surface
effect of CPB, hemodilution and consumption
coagulopathy cause a decrease in fibrinogen le-
vels (3,9, 16). In addition, the first coagulation
factor affected by major bleeding is fibrinogen
(18). This has made the use of fibrinogen, a coa-
gulation factor concentrate, popular in patients
undergoing cardiac surgery (6, 7, 19).Ternstrom
et al. (20) stated that fibrinogen operations
before the next two hours, but after 24 hours



were reduced to about 50% of said increased
expression. in coronary artery bypass surgery
with CPB, Momeni et al.,(21). Emphasized that
fibrinogen levels decreased significantly after
CPB and when the patient came to the inten-
sive care unit compared to off-pump CABG.
We obtained similar results in our study. It was
found that the fibrinogen levels of all patients
decreased after the CPB compared to the preo-
perative values (p <0.01) and in the correlation
analysis, this decrease was associated with the
duration of the CPB (p <0.01). In the 12th and
24th hour measurements, it was observed that
the fibrinogen level increased and this increase
was higher in the group given the fibrinogen
concentrate (Group F) (p <0.01).

Although it has been shown in many studies
that the decrease in fibrinogen levels is asso-
ciated with postoperative bleeding, in the me-
ta-analysis published by Gielen et al., (2), it was
stated that there was weak-moderate correla-
tion (22). Alagha et al,, (23) emphasized that
fibrinogen levels below 3.1 g/L were associated
with bleeding in their measurements in 550
patients undergoing CABG. Ranucci et al. (10)
reported the fibrinogen threshold value as 2.5
g/L. Kindo et al. (5), published that fibrinogen
values measured in the postoperative early pe-
riod were more important in determining the
risk of bleeding. In our study, we accepted the
fibrinogen threshold value of 2.5 g/L. In group
NF, although the average fibrinogen levels after
KPB decreased below 2 g/L (1.95 + 0.25), we did
not detect correlation with the amount of drai-
nage (p=0.448 for the first 12 hours; p=0.509 for
12-24 hours). This may possibly be due to the
corrective effect of fibrinogen in coagulation
physiology, such as the fibrinogen's significant
increase in the first 12 hours in the postoperati-
ve period, the reduction of aPTT times (p <0.05)
and the increase in the number of PLT (p <0.05)
(24).

After the first pilot study (7) investigating the
effect of exogenous fibrinogen on postopera-
tive bleeding in coronary bypass graft operati-
on fibrinogen concentrates have started to be
used in many areas of open heart surgery (9, 19,
25).

In terms of the homogeneity of the study, we
included only patients who underwent CABG.
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There is no exact information or guideline in the
literature about the dose of fibrinogen to be ad-
ministered (26). In the guide published by the
European Society of Anesthesiology in 2017,
the starting dose of fibrinogen concentrate was
defined as 25-50 mg/kg as the level of evidence
'2C'.(27).Karlsson et al.(7), used 2 g of fibrinogen
concentrate preoperatively in twenty disease
pilot studies, while Sadeghi et al. (28) applied
1 g of fibrinogen 30 minutes before anesthesia
induction. Solomon et al [9] and Rahe-Meyer et
al. (29) suggested using high-dose (average 5-8
g) fibrinogen to reduce the risk of bleeding in
open heart surgery, but their studies do notinc-
lude isolated CABG. We used the fibrinogen do-
sage formula stated in the manufacturer's pac-
kage and FDA (Food and Drug Administration)
based on the fibrinogen levels after CPB. Accor-
dingly, we administered an average of 2.94 +
0.91 g fibrinogen concentrate in Group F. This
dose we administered increased the fibrinogen
level faster for Group F, and this increased value
was found to be more significant than Group
NF (the difference between groups for the 12th
hour measurement was 0.53 £ 0.3 g; p <0.01).

Although there was a significant increase in
fibrinogen levels and less drainage in group F,
no statistical difference was found between the
two groups (Table 3). Our results are compatib-
le with the results of some studies mentioned in
the literature (30 - 32).

Lupu et al. (33), stated that 1 gr fibrinogen con-
centrates administered in their retrospective
studies did not affect bleeding. The long dura-
tion of CPB in patients who administered fibri-
nogen suggests that it could not provide suffi-
cient increase in fibrinogen levels. Bilecen et al.
(28) attributed the 2 gr dose of fibrinogen not
to be effective for postoperative bleeding, the
application of the fibrinogen dose at low doses,
and the low doses of fibrinogen not showing
enough hemostatic effects. Rahe-Meyer et al.
(34), in the REPLACE studies, described the high
dose fibrinogen applied after CPB as an unex-
pected finding that unlike previous studies, the
amount of bleeding and the use of allogeneic
blood was ineffective. In our study, we adminis-
tered a fibrinogen concentrate to exceed the
target value by weight. In Group F, although
not statistically significant, less drainage than
the group without fibrinogen suggests that fib-
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rinogen acts as a major factor in the coagula-
tion pathway. Because fibrinogen concentrate
causes rapid rise of plasma fibrinogen levels
and increases both clot formation rate and clot
strength (24, 34).

In our post-hoc regression analysis, we found
that prolonged aPTT values increased postope-
rative drainage risk (Odds Ratio 0.53; p<0.01).
The shorter aPTT duration (p<0.05) and higher
platelet count (p<0.05) in the fibrinogen-tre-
ated group support that fibrinogen may cont-
ribute with secondary effects on the amount
of drainage (9, 30). The fact that Ranucci et al.
(35) stated that the amount of bleeding was
lower in thrombocytopenic patients with high
fibrinogen levels supports this situation. Fibri-
nogen plays an important role in binding FXIII
to clot stabilization and has a central role in
platelet activation and aggregation by binding
to the platelet glycoprotein receptor GPIlb/llla
(36). Although there was no difference in the
amount of drainage, the drainage rate in Group
F was lower than in group NF. (476.5+219.5 and
554.24+241.4 for the first 12 hours; 228.1+82.2
and 248.5+80.8 for the 12-24 hours, respecti-
vely).

There are some important factors that limit
this study. These are the study's retrospective
and low number of patients, the application of
fibrinogen dose by calculating the target fibri-
nogen level with the help of a formula without
using fibroelostometry (ROTEM, FIBTEM MCF;
EXTEM CT vb.) (37). Due to the expensive fibri-
nogen concentrates, we determined the target
fibrinogen value to be 2.5 g/L and therefore
having to use less dose of fibrinogen may have
affected the results of the study. We believe that
prospective studies with different threshold va-
lues will be more beneficial.

Fibrinogen level decreases significantly in pa-
tients undergoing CPB compared to preopera-
tive values. We believe that the fibrinogen con-
centrate can reduce the amount of drainage
by secondary effect, contributing to increased
plasma fibrinogen levels and rapid recovery of
coagulation physiology. According to the re-
sults of this study, although we do not encoun-
ter side effects with the use of fibrinogen, we

think that it should be used only in patients
with a high risk of bleeding and with a fibri-
nogen level <1.5 g/L after CPB, since the cost of
the drug will increase hospital costs.
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