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ABSTRACT
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Introduction: Post cardiac surgery hemorrhagic syndromes, potentialized
by implementing cardiopulmonary bypass, leads to increased hazards of
blood products transfusion and pertains serious impacts on immediate
patients outcome.
The objective of this clinical trial was to investigate the efficiency of
exogenous fibrinogen to control hemorrhagic syndromes following cardiac
surgery in the intensive care unit.
Materials and Methods: Eighty patients undergoing open heart surgery
at Imam Reza Hospital, Mashhad, Iran with blood drainage more than 200
ml per hour were randomly divided to receive either fibrinogen 2 grams or
placebo. The patients were investigated for amount of blood drainage,
units of required blood product, length of stay in intensive care unit (ICU),
and mortality.
Results: The first early 3-hours drainage (443.97±169.98 vs
606.66±235.93ml; p value =0.001) and total first 24 hours drainage (1025.30
ml and 1377.60 ml; p value: 0.041) showed significant difference in favor of
fibrinogen receiving group. The fibrinogen group required significantly lesser
units of red blood cells, and fresh frozen plasma (FFP) (1.62 and 2.55)
compared to placebo group (2.74 and 3.21) (p values: 0.010 and 0.032).
Platelets units requirement did not reach significant difference between the
groups. ICU length of stay was shorter in fibrinogen group (2.82 days versus
4.02 days; p value 0.045), while mechanical ventilation time did not
significantly differ among the two groups. In addition, there was a trend
towards decreased early mortality in fibrinogen receiving group (7.5% versus
17.5 % ; p value = 0.02).
Conclusion: Administration of low dose of fibrinogen in patients with
postoperative bleeding can reduce ongoing and total blood drainage,
transfusion of blood products, ICU length and early mortality.
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Introduction

Postoperative bleeding is a common problem
after cardiac surgery sustaining increased
mortality and morbidity. Severe bleeding occurs in
3 to 5 percent in patients undergoing cardiac
surgery using cardiopulmonary bypass (1). The
implicated factors involved in occurrence of

postoperative bleeding include incomplete
surgical hemostasis, residual heparin effect,
clotting factors depletion, hypothermia, depletion
/ dilution thrombocytopenia, platelet dysfunction,
or iatrogenic fibrinolysis states.
Postoperative
bleeding
usually
needs
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transfusions of blood products (BPs) such as red
blood cells, FFP, and platelets that is associated
with multiple adverse effects including
immunologic
reactions,
volume
overload,
hypothermia, coagulopathy, citrate toxicity, neurocognitive dysfunctions, stroke, or acute lung
injury; putting in parallel with increased risks of
organ infection, sepsis, and viral transmissions.
Increased length of stay (LOS) in intensive care
units is well established to be independently
correlated with increased requirements for BPs
(2). Uncontrolled postoperative bleeding reaching
surgical reexploration is known to adversely affect
hospital mortality and morbidity (1, 3).
Aiming at lessening to resort to transfuse BPs,
non-blood products such as fibrinogen were
introduced to reduce the amount of
postoperative bleeding leading to favorable
outcomes on morbidity in cardiac surgery (2, 4,
5). In line with the latter, recent reports indicated
efficient prophylactic actions of exogenous
fibrinogen to reduce hazards of postoperative
bleeding after cardiac surgery and less BPs
transfusions postoperatively (6, 7). The beneficial
effects of fibrinogen administration has also been
investigated and reported in the setting of major
aortic surgery for ongoing bleeding (8-9).
The objective of this prospective randomized
clinical trial was to investigate the advocated
effects of fibrinogen in the setting of early
postoperative bleeding after cardiac. The primary
outcome was attempted to determine the effects
of exogenous fibrinogen administration on the
amount of postoperative bleeding. The secondary
outcomes pointed at investigating possible
quantitative differences in mean required BPs
units, rate of surgical reexploration, mechanical
ventilation time, ICU LOS, and hospital mortality.

Materials and Methods
After obtaining informed written consent, eighty
adult patients undergoing cardiac surgery with
postoperative bleeding more than 200 ml per hour
after admission to post-cardiac ICU, Imam Reza
Hospital, Mashhad, Iran from October 2013 to
February 2014 were included in this clinical trial.
Exclusion criteria included massive intraoperative
bleeding and transfusions (more than 2 units of red
blood cells or any FFP and platelets), use of
clopidogrel, Omega 3, and other drugs affecting
coagulation preoperatively, known history of
coagulopathy, abnormal preoperative coagulation
studies, moderate to severe preoperative anemia
(Hb less than 10 g/dL), low ejection fraction (less
than 40%), use of intraaortic balloon pump (IABP),
congenital adult cardiac surgeries, and history of
previous cardiac surgeries.
All patients received a standard intravenous
anesthesia using a propofol based protocol.
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Perioperative heparinasation was carried out
using 1mg/kg and 0.5mg / kg for patients
undergoing
on
and
Off-pump
surgery,
respectively. Heparin was re-administrated by
0.5mg/ kg if perioperative regular ACT checks
were below 400/s. By the end of procedure,
heparin reversal was performed by intravenous
prothamine according to ¾ of total administrated
heparin. Perioperative BPs transfusion was left
on the discretion of in charge anesthetist to
achieve optimal hemostasis guided by ACT
sampling. Patients were transferred to the ICU
while intubated, and upon arrival in ICU they
were put under analgesia using intravenous
paracetamol and fentanyl; being monitored in
regards to pulse rates, respiratory rates, 12-leads
electrocardiography, pulse oximetry, central
venous pressures, and invasive arterial blood
pressure.
In the case of ongoing bleeding, all patients were
treated by intravenous prothamine sulfate 20 mg
and tranexamic acid 15 mg/kg (max 1 gram).
Thereafter, the patients received either 2 grams of
fibrinogen (n=40) or placebo (normal saline)
(n=40) according to a computer based system
elaborating randomization. The patients were
evaluated by checkpoints of fifteen minutes for
amount of bleeding. If the bleeding continued, 2
units of FFP and 1 unit of red blood cells were
administered until bleeding stopped. The patients
were taken back to the theater for explorative resternotomy if the blood drainage would reach 400,
800 or 1000 ml in the first, second, the third
postoperative hours after ICU admission,
respectively, or in the case of hemo-dynamic
deterioration regardless of bleeding output.
Four platelets units were used primarily for
patients underwent on pump procedures in the
case of ongoing bleeding, and further at each
checkpoint if required. Concerning off-pump
patients, platelets were rather transfused only
after re-sternotomy and/or in the case of
continuing uncontrolled blood drainage; a policy
derived on presumed preservation platelets
function when avoiding cardio-pulmonary
bypass.
Further red blood cells were transfused
according to the following algorithm: hemoglobin
less than 8, hemoglobin less than 10 with signs of
hypoperfusion including ScVO2 less than 70%,
lactate more than 4 mmol, or requiring
vasopressor or inotropes to maintain mean
arterial blood pressure more than 70 mmHg.
The patients were extubated according to the
local weaning protocol using pressure support
ventilation within 6 hours if awake, hemodynamically stable, not requiring high dose
inotrope or vasopressor, absence of perioperative
MI, with acceptable biologic indicators, adequate
475
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respiratory function mechanics including blood
gas sampling, and no more than 50 ml hourly
drainage for the last 2 hours.
The patients were investigated for amount of
bleeding hourly and totally in the first 24 hours,
the number of units of transfused BPs (including
red blood cells, FFP, and platelets), rate of
mandated re-sternotomy, duration of mechanical
intubation, LOS in ICU, and mortality.
The patient and the one who analyzed the
data were blinded to the study.
We considered a difference in total amount of
bleeding of 20% to be clinically significant. A
sample size of 34 was required to detect such a
difference between the groups for a power of
80% at a significance level of 5%. Assuming a
20% missing, we increased the sample size to 40
in each group.
Statistical Analysis
Data were prospectively collected and entered
in a SPSS software for Windows, version 11 (SPSS
Inc, Chicago, IL, USA) computing descriptive and
analytic statistics. Independent student t-tests
was used to compare continuous variables
exhibiting normal distribution, and chi-squared
or Fisher’s exact test for non-continuous
variables. A p value < 0.05 was considered
significant.

Results
All eighty patients (40 in each group)
completed the study. The patients were similar
with regard to demographic parameters,
Table 1. Patients’ characteristics
Characteristic
Fibrinogen
Age (years)
60.35±8.09
Gender (male: female)
33:7
Diabetes
8(21.1%)
Hypertension
12(30%)
Preoperative EF(%)
48.15±11.07
PT(second)
14.82±2.82
PTT(second)
36.22±13.61
INR
1.49±1.79
Hb (g/dL)
13.21±1.61
Platelet counts(x1000)
212.97±79.47
Euro II score
2.04± 1.63
Data are presented as mean± SD, numbers, or percentage
Prothrombin time (PT)
Partial thromboplastin time (PTT)
international normalized ratio (INR)
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preoperative ejection fraction, comorbidities
including hypertension and diabetes mellitus,
hemoglobin level, and coagulation status (Table 1).
There was also no significant difference
between the both groups when it comes to the
frequency of the type of procedures, as well as onpump surgery (Table 2).
The first three-hours (443.97±169.98 vs
606.66±235.93ml; P value=0.001) and total
drainage volumes in the first 24 hours
(955.52±364.30 and 1426.62±742.26 ml; P
value=0.001) were significantly different between
fibrinogen receiving and placebo groups,
respectively. The patients in the fibrinogen group
required less red blood cells and FFP units in the
first 24 hour hours. However, the amount of
transfused platelets units did not differ among the
both groups (Table 3).
Sixteen patients (40%) in the fibrinogen and 17
patients (42.5%) in the control group met
aforementioned criteria for re-sternotomy (P
value= 0.74), displaying surgical failure in 1(2.5%)
and 2(5%) patients belonging to the off-pump
CABG wing of fibrinogen and placebo groups,
respectively. Although the patients in the placebo
group required longer mechanical ventilation, there
was no significant difference with respect to its
duration between the two groups. LOS in ICU was
significantly reduced in fibrinogen group,
furthermore, hospital mortality displayed a trend in
favor of fibrinogen receiving patients compared to
placebo group and reached statistical significance
(7.5% and 17.5% in the fibrinogen and placebo
group, respectively; P value = 0.02 ) (Table 3).
Placebo
58±10.68
30:10
12(30%)
15(37.5%)
48.46±10.07
14.59±5.26
38.73±28.26
1.20±0.80
13.87±1.73
246.63±78.24
1.58 ±0.94

Table 2. Surgical data of patients undergoing cardiac surgery in fibrinogen and control group.
Fibrinogen
Placebo
CABG
33(82.5%)
33(82.5%)
Off-pump CABG
27(67.5%)
26(65%)
On-pump CABG
6(15%)
7(17.5%)
Valvular heart surgery
7 (17.5%)
7 (17.5%)
Pump time (minute)
106.23±78.01
99.17±60.76
Heparin dose (unit x 1000)
16.62±8.25
18.14±9.56
Prothamin dose (mg)
168.00±85.40
193.28±97.84
Data are presented as mean± SD, numbers, or percentage
Coronary Artery Bypass Grafting (CABG)
476

P value
0.27
0.41
0.38
0.38
0.89
0.66
0.65
0.35
0.08
0.07
0.12

P value
0.91
0.81
0.81
0.91
0.78
0.45
0.22
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Table 3. Postoperative data of patients undergoing cardiac surgery in fibrinogen and control group
Fibrinogen
Placebo
Bleeding first 3 hours (ml)
443.97±169.98
606.66±235.93
Bleeding first 24 hours (ml)
955.52±364.30
1426.62±742.26
Weaning duration (hours)
10.36±7.7
13.30±4.57
ICU length of stay (days)
2.85±84
3.62±1.56
Ward length of stay (days)
4.26±1.33
4.84±3.01
PT (seconds)
16.02±3.36
15.29±2.64
PTT (seconds)
68.72±37.22
79.88±64.82
INR
1.37±52
1.57±0.47
Hb (mg/dL)
11.29±3.72
13.15±5.38
Platelets (x 1000)
158.86±62.24
155.57±71.10
Packed cells (units)
1.46±1.16
2.54±1.26
Platelets (units)
0.35±1.16
0.37±1.10
FFP (units)
1.34±1.54
3.05±1.39
Re exploration
16(40%)
17(43.6%)
Data are presented as mean± SD, numbers, or percentage.
Prothrombin Time (PT)
Partial Thromboplastin Time (PTT)
International Normalized Ratio (INR)
Fresh Frozen Plasma (FFP)

Discussion
Significant bleeding is a common and
deleterious clinical issue after cardiac surgery
mandating massive BPs transfusions. In the United
States, cardiac operations consume as much as 10%
to 15% of the nation’s blood supply (10). BPs
transfusion is seldom effective solely in managing
ongoing postoperative bleeding and often leads to
surgical re-exploration. Kristensen et al demonstrated an incidence of re-sternotomy due to postcardiac surgery bleeding approximating 7% (11).
In a systematic review BPs transfusions were
found to be associated with increased mortality
and morbidity including sternal wound infection,
acute renal failure, stroke, and prolonged
mechanical ventilation (3).
Considering the proven complications issued by
BPs transfusions, continuous efforts have been
deployed to enhance thrombotic and coagulation
pathways in an attempt at less resorting BPs
transfusions.
Fibrinogen is an essential component of the
clotting system. The normal plasma concentration
is between 1.5 and 4.0 g/L. Fibrinogen levels can
decrease following cardiac surgery due to,
fibrinolysis,
hemodilution,
depletion,
and
consumption; its low levels sustains peri- and
postoperative bleeding, and are associated with
increased requirement in BPs transfusions .
Exogenous fibrinogen has been introduced and
used for prevention of bleeding in both adult (6,12)
and pediatric cardiac surgery (13, 14). A negative
correlation between preoperative fibrinogen and
post cardiac surgery bleeding has been pointed out
in both adults (15) and children (14); although, a
meta-analysis (16) has drawn a significant but
weak-to-moderate correlation between pre- and
postoperative fibrinogen levels and blood loss after
cardiac surgery. Aside former uncertainties, the
optimal perioperative protecting levels of
J Cardiothorac Med. 2016; 4(3):474-479.

P value
0.001
0.001
0.28
0.01
0.33
0.28
0.24
0.09
0.32
0.82
0.0001
0.92
0.0001
0.74

fibrinogen in cardiac surgery remain a matter of
controversy (17, 18).
Concerns have been raised regarding safer use
of exogenous fibrinogen for management of
bleeding after cardiac surgery, and uncertainty
feeds the appropriate dose of efficiently therapeutic
fibrinogen avoiding devastating possible reported
thrombotic events. Fassl et al suggested that the
administration of low dose fibrinogen concentrates was not associated with thromboembolic
complications or adverse outcomes after cardiac
surgery (19). However, thrombosis of a patient's
brachial artery and the cardiopulmonary bypass
circuit has been reported with prophylactic
administration of fibrinogen during a complex
congenital cardiac surgery (20). In the current
study as to operate in safer margins, fibrinogen
(2 grams) and tranexamic acid (1gram) were
implemented at low doses to prevent
thromboembolic complications including graft
thrombosis.
The efficiency of exogenous fibrinogen in
enhancing postoperative coagulation systems,
thereby reducing postoperative blood drainage
remains a matter of debates. In two studies reported by Tanaka et al (4) and Gorlinger et al (2, 5)
beneficial effects of fibrinogen facing post-cardiac
surgery bleeding were deduced. In contrast,
Bilecen et al. showed that administration of
fibrinogen did not decrease postoperative blood
drainage and BPs transfusion during complex
cardiac surgery procedures, possibly due to a low
dose fibrinogen protocol implemented and its
late administration (21). Karlson et al reported
that prophylactic infusion of 2 g fibrinogen to
patients without hereditary, acquired hypofibrinogenemia, or ongoing bleeding did not
improve coagulation and platelet function during
cardiac surgery (7).
The results of current study point out on
significant reduction in early first 3-hours and total
477
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24-hours blood drainage in the fibrinogen receiving
patients compared to placebo group, paralleling
significant sparing in the required units of
transfused red cell and FFP. The latter stands with
expected beneficial action of exogenous fibrinogen
to counterbalance iatrogenic disturbances imposed
on normally functioning coagulation pathways.
Such beneficial effects can be partly imputed to
synergistic actions of exogenous fibrinogen and
tranxemic acid used in this study as to overwhelm
multifactorial genesis of post-cardiac surgery
fibrinolysis. Nevertheless, the current results failed
to display any significant decrease in transfused
platelets units among the both groups receiving or
not exogenous fibrinogen. This proves the
primordial role of needed functioning platelets,
often considered as front liners in managing
paradigms fixing postoperative bleeding, (even in
off-pump patients). An alternative explanation
would be the cultural preoperative herbal auto
medication that does inhibit adequate platelets
function among Middle-East populations that is
difficult to rule out preoperatively.
Despite present proven effects of exogenous
fibrinogen in reducing blood drainage and
acquired coagulopathy as the main hazard of
postoperative bleeding (three surgical failure
over 33 resternotomy), this study is far from
restructuring surgical paradigms in undertaking
mandated resternotomy, touching a more
conservative approach. Rather, the latter may
highlights that perioperative steps should be
taken to optimize hemostasis; especially the
univocal place of thromboelastogram in decisionmaking process and offering precise goaldirected therapies (22-24).
Despite absence of statistical difference in
mechanical ventilatory time, exogenous fibrinogen
resulted in significantly shorter LOS in ICU among
fibrinogen receiving patients compared to placebo
group; thereby, providing a therapeutic tool to
resources sparing. Furthermore, the hospital
mortality was higher in the placebo group. Since,
the Euro II score was similar in both groups, the
higher mortality rate can be attributed to
complications of bleeding, blood transfusion, and
reexploration.
Limitations
Our study faced several limitations mainly
because of limited resources. Fibrinogen levels
were not measured before surgery or at ICU
admission depicting differences at baseline and
post-procedure between the both groups. This
might be a limitation to our study regarding
administration of fibrinogen in patients with
possible appropriate levels. Other limitations of
our study include lack of relying on
thrombelastographic monitoring, a low and
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unadjusted dose of fibrinogen, blood products,
and prothamin (if heparin was not completely
reversed in the operating room) for all patients.
Our patients comprised different cardiac
surgery procedures including both off and onpump CABG as well as valvular heart surgeries.
Although, the effects of fibrinogen should be
reevaluated in specific disease sets by further
studies, the aim of the current study was
designed to investigate beneficial effects of
fibrinogen in daily post cardiac surgery practice.

Conclusion

Administrating low dose of exogenous
fibrinogen in the setting of ongoing post cardiac
surgery bleeding is safe and can decrease blood
drainage as well as the need for red blood cells
and FFP transfusions. It can also reduce ICU
length of stay and portends a trend towards
lowering mortality due to reduction the amount
of bleeding and its adverse effects. Platelets
should be included early in the management of
postoperative bleeding paradigms. Exogenous
fibrinogen might be incorporated in protocols
dealing with ongoing postoperative bleeding,
especially when operating cardiac surgery in suboptimal settings devoided from advanced
coagulation monitoring enabling goal-directed
therapy.
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