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Abstract 

Objectives: Excessive blood loss is a critical complication of total hip arthroplasty. We intended to 
determine whether preoperative fibrinogen administration reduces perioperative bleeding and the need 
for blood transfusion in total hip arthroplasty surgery.  

Methods: In 4 months, 178 patients who underwent total hip arthroplasty were randomly assigned equally to 
intervention and placebo-control groups in a double-blinded, parallel two-arm randomized controlled trial. Both 
intravenously, 30 min before the start of the surgery, the intervention group received two grams of fibrinogen 
concentrate dissolved in 100 ml of distilled water. In contrast, the control group received 100 ml of normal saline 
solution. The amount of postoperative blood loss served as the main result, and the requirement for blood 
transfusions served as the secondary outcome. 

Results: In comparison to the placebo, administering fibrinogen concentrate considerably reduced the amount of 
blood loss (P=0.001) and the requirement for blood transfusions (P=0.004). Patients who got fibrinogen concentrate 
experienced no side effects. In addition, patients in the fibrinogen group had significantly lower hemoglobin and 
higher fibrinogen levels in the recovery room and received lesser blood transfusions (P<0.005) than the placebo 
group. 

Conclusion: In total hip arthroplasty, fibrinogen concentrate lessens postoperative bleeding and the requirement 
for blood transfusions. 

        Level of evidence: II 
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Introduction

rthroplasty surgery is known to cause severe 
bleeding and a significant need for blood 
transfusions.1,2 The expenses and potential risks of 

blood transfusion have been described previously in total 
hip arthroplasty (THA).3,4 The prevalence of allogeneic red 
blood cell (RBC) transfusions has been estimated to be 
more than 20%.4-6 Although allogeneic RBC transfusions 
can potentially save lives, they are also accompanied by a 
variety of hazards, such as pathogen transmission, 
immunomodulation, and transfusion-related lung injury 
(TRALI).7,8 Additionally, studies have shown that blood 
product transfusions may raise the risk of immediate and 
long-term morbidity and mortality.9-11 Transfusion needs 

are also influenced by patient-related and surgery-related 
parameters, such as gender, operating and anesthesia 
techniques, and preoperative hemoglobin levels.12-14 The 
majority of THA patients are older, and the subsequent 
anemia may affect postoperative functional recovery and 
restrict mobility.6  

The primary plasma protein responsible for maintaining 
homeostasis, fibrinogen, is the first coagulation factor to be 
severely depleted with substantial surgical bleeding.15-17 
Therefore, the clotting function is maintained in severe 
bleeding by replenishing the plasma fibrinogen.15,18 A low 
preoperative plasma fibrinogen concentration has been 
linked to an increased risk of excessive bleeding, according 
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to studies in different surgical settings.19-22 It has been 
revealed that the quantity of intraoperative bleeding is 
correlated with the fibrinogen level before hip arthroplasty 
surgery.23  

The amount of fibrinogen in fresh-frozen plasma is 
insufficient to compensate for the severe 
hypofibrinogenemia.24 However, some research suggested 
that using fibrinogen concentrate can help lessen surgical 
bleeding.25,26 Nevertheless, some research claimed there 
was no association between preoperative fibrinogen levels 
and surgical blood loss.27,28  

In the current study, we hypothesized that using 
fibrinogen as a pretreatment might reduce bleeding during 
and after hip replacement surgery. Furthermore, as 
secondary hypotheses, we assumed that using fibrinogen 
might have no significant side effects and might reduce the 
need for blood transfusion in this type of surgery. 

 

Materials and Methods 
This randomized, double-blind, placebo-controlled trial 

with a ratio to cases 1:1 was registered with the Iranian 
Registry of Clinical Trials (IRCT20120910010800N3, 
https://fa.irct.ir/user/trial/62685/view) and the Iran 
National Committee for Ethics in Biomedical Research 
(IR.SBMU.RETECH.REC.1400.1221) and designed based on 
the Consolidated Standards of Reporting Trials (CONSORT) 
2010 statement.29 Before enrollment, all patients provided 
written informed consent. Patients who were scheduled for 
primary total hip arthroplasty surgery and aged over 18 
were included. Between May 22 and September 23, 2022, 
the study was carried out in the Orthopedic Surgery 
Department of a University Hospital. Patients were excluded 
if they were pregnant or had an uncontrolled underlying 
condition, sickle cell anemia, contraindication to receive 
anticoagulation prophylaxis, an infected wound bed, a 
history of drug abuse, a history of previous surgery in the 
area of the current procedure, a recent history of coagulation 
disorders, a history of taking food or drugs that alter 
coagulation, or if they refused to receive homologous blood 
products. 

This study primarily aimed to determine the quantity of 
bleeding from surgery commencement through the next 24 
h. The number of administered blood products and 
complications from blood transfusions (hemolytic reactions, 
allergic reactions, and TRALI were secondary outcomes. All 
data was gathered before, during, and after the surgery by 
the anesthesiologist in charge of the patient. 

The sample size was calculated via a pilot study due to a 
limited number of comparable studies. The sample volume 
was calculated using G*Power software (version 3.1.9.3)30 as 
59 patients in each group based on an effect size of 0.67, a 
two-sided Type I error () of 0.05, and a power (1-) of 0.95. 
This was done based on our pilot study, which included 60 
patients (30 in each group) and average intraoperative 
bleeding of 845 ml in the control group and 598 ml in the 
fibrinogen group. In light of a 30% withdrawal rate, 154 
patients were decided upon for enrollment. Finally, 178 
patients—the total number of research participants—were 
evaluated. The final study contained all of the data from the 
pilot study. 

The attending anesthesiologist invited subjects to 
participate, all potential side effects and aims of the study 

were explained to the participants, and their informed 
consent during the examination before surgery was 
obtained. The blocks-of-four randomization and computer-
generated allocation, which were performed by a third party 
before the study began, were written in opaque envelopes 
(numbered consecutively). A nurse anesthetist who was not 
involved in the later stages of the study opened an envelope 
when a new subject was enrolled and read the contents 
before designating the person to the intervention or control 
group. The allocation was a secret to all participants, 
healthcare experts, outcome assessors, and statisticians. At 
first, a nurse anesthetist administered two grams of 
fibrinogen concentrate (Haemocomplettan® P; CSL Behring 
GmbH, Marburg, Germany) for 30 min after diluting it in 100 
mL of sterile water or an equivalent volume of 0.9% saline 
solution as a placebo. Using paper-wrapped syringes, the 
research infusion's contents were kept secret. Injections 
were administered without knowledge of preoperative 
serum fibrinogen level. 

Blood samples were taken from all patients to measure 
hemoglobin, platelets, fibrinogen, prothrombin time (PT), 
partial thromboplastin time (PTT), and the international 
normalized ratio at the time of their entry into the operating 
room and before administration of any medications (INR). 
The patients were monitored using electrocardiography, 
non-invasive blood pressure, pulse oximetry, body 
temperature, and bispectral index (BIS VISTA equipment, 
Aspect Medical Systems, Newton, MA, USA).  Each patient 
underwent five minutes of preoxygenation with an inspired 
oxygen fraction of one before general anesthesia 
establishment. In terms of drug prescription and 
determining the depth of anesthesia, general anesthesia was 
carried out on all patients using the same technique. The 
dosage of propofol was adjusted to keep the bispectral index 
between 40 and 60. After the anesthesia, an arterial catheter 
was inserted into the radial artery. All THAs were performed 
in the lateral position, and only the same surgical team 
performed all the procedures. If tranexamic was required, 
the patient was excluded from the study. The patient's mean 
arterial blood pressure was kept within a range of 60 and 80 
mmHg during the procedure. 

Arterial blood gas samples were taken to monitor and 
maintain the correct acid-base balance throughout the 
surgery. According to the national guidelines for the 
provision of anesthetic services, if it was needed, patients 
received blood products. Body temperature was kept steady 
during operation using a forced air warming device. Before 
the end of the surgery, 0.15 mg/kg of intramuscular 
morphine and one gram of intravenous acetaminophen 
were administered to each patient. The expected blood loss 
was determined by counting the gauze, measuring the 
amount of blood in the suction container, and evaluating the 
surgical field. 

Blood samples were taken 24 h following the surgery to 
assess the hemoglobin, fibrinogen concentrations, and other 
coagulation tests. At this point, blood loss and other potential 
problems were also evaluated. Early surgical complications 
such as deep vein thrombosis, cardio-pulmonary events, and 
cerebrovascular accidents were evaluated by clinical and 
para-clinical examinations, both throughout the hospital 
stay and in the two weeks after discharge. Depending on the 
patient's condition, any further evaluations were decided. 
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Frequencies, means, and standard deviation (SD) were 
used to characterize the variables. In the case of a non-
normal distribution, the median and interquartile ranges 
(IQR) were utilized. The normality of the outcome variables 
was examined with the Shapiro–Wilk test. Kruskal–Wallis 
and Spearman’s correlation tests were used for further 
nonparametric testing. A P-value of less than 0.05 was 
considered statistically significant. The SPSS (Version 17.0 
for Windows; SPSS Inc., Chicago, IL) was used for all 
analyses.   

Results 
  One-hundred seventy-eight participants (93.7% of the 230 
total) were examined. The majority (n=22) of the 52 patients 
who were not assessed had not fulfilled the criteria for 
inclusion, 14 cases had declined to participate, six cases' data 
were insufficient, six cases had received tranexamic acid, and 
four cases' surgeries had been postponed [Figure 1].  

    
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow diagram of the number of patients assessed and included at each stage of the randomized controlled trial 

 
 
  The age of the participants was 18 to 73 years, the mean 
(SD) age of them was 31.78 (8.73) years, and most 
participants were female (57.9%). The groups of individuals 
had similar baseline characteristics [Table 1]. Preoperatively, 

no noticeable differences were observed between the two 
groups in PT, PTT, INR, Hb, platelets, and fibrinogen levels in 
samples before surgery. The surgical time was comparable 
between the two groups. 

 
Table 1. Baseline characteristics of the population 
Variables Fibrinogen Placebo P-value (Kruskal-Wallis Test) 

Age, median (IQR), year 32 (10) 31 (11) 0.929 

BMI, median (IQR), kg/m2 76.13 (5.4) 26.61 (5.3) 0.641 

Sex (Females), Number (%) 52 (58.4%) 51 (57.3) 0.880 

Surgery duration, median (IQR), min 130 (47.50) 120 (70) 0.417 

IQR: interquartile range; BMI: body mass index 
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The primary and secondary results were shown in [Table 2]. 
With a P value of 0.003, bleeding in the intervention group was 
considerably lower than in the control group (median=700.00 
ml, IQR=700.00 versus median=900.00 ml, IQR=450.00). The 
amount of bleeding in the recovery room was practically the 
same as in the intervention and control groups (median=40.00, 
IQR=30.00 versus median=40.00, IQR=10.00), and the results 
were not statistically significant (P=0.094). The same findings 
were observed in terms of the amount of bleeding 24 h 
following surgery (median=320,000, IQR=112,000 versus 
median=320,000, IQR=157,500), and once more, the 
difference was not statistically significant (P=0.145). Finally, a 
substantial difference was seen between the two groups in the 

total amount of bleeding from the time of surgery to 24 h after 
the procedure (P=0.001). 
  When the patient entered the recovery room, a substantial 
difference in the serum level of fibrinogen was seen between 
the two groups (P<0.001). Within 24 h of the operation, this 
disparity vanished. Although the serum fibrinogen levels were 
lower in the recovery room, the intervention group 
experienced this difference at a far lower rate than the control 
group [Table 2]. The intervention group experienced a 
decrease in serum fibrinogen levels that were nearly 4 times 
lower than that of the control group (median=3.70, IQR=3.69 
versus median=15.19, IQR=9.76). 

 
 

Table 2. Primary and secondary outcomes 
Variables Fibrinogen Placebo P-value (Kruskal- Wallis Test) 

Total bleeding, median (IQR), mL 1100 (605.00) 1300 (405.00) 0.001 

Hb baseline, median (IQR), g/dL 11.70 (1.65) 11.60 (2.00) 0.635 

Hb recovery, median (IQ)R, g/dL 10.40 (1.55) 9.90 (1.75) 0.008 

Hb 24 h, median (IQR), g/dL 10.90 (1.25) 10.90 (1.50) 0.611 

PLT baseline, median (IQR), /microliter 186.00 (55.00) 202.00 (70.50) 0.359 

PT baseline, median (IQR), s 12.00 (1.50) 12.00 (1.80) 0.388 

PTT baseline, median (IQR), s 27.00 (7.45) 24.30 (6.35) 0.720 

INR baseline, median (IQR) 1.00 (0.10) 1.00 (0.10) 0.486 

Fibrinogen baseline, median (IQR), mg/dL 241.00 (127.00) 234.00 (107.00) 0.941 

Fibrinogen recovery, median (IQR), mg/dL 237.00 (116.00) 200.98 (104.00) 0.012 

Fibrinogen 24 h, median (IQR). mg/dL 222.00 (84.50) 216.00 (94.00) 0.599 

Changes in fibrinogen levels, median (IQR), ng/dL 9.00 (10.00) 38.00 (18.50) <0.001 

Cases of blood transfusions, median (IQR), numbers 0.00 (1.00) 1.00 (1.00) 0.004 

Packed cell used for transfusion, median (IQR), numbers 0.00 (1.00) 1.00 (1.00) 0.007 

IQR: interquartile range; HB: hemoglobin, PLT: platelet count; PT: prothrombin time; APTT: activated partial thromboplastin time; INR: international normalized 

ratio 

 
  
The intervention group required significantly fewer blood 
transfusions and total packs of RBCs than the control group 
[Tables 2, 3]. Transfusion was performed on 52.8% of the 
patients in the control group and 31.5% of the patients in the 
intervention group (P=0.004). Furthermore, patients in the 
fibrinogen group received significantly fewer blood units (28 

units) than the control group (47 units) (P=0.007). Patients in 
neither group received fresh frozen plasma (FFP). 
  As noted, the postoperative hemoglobin levels in the recovery 
room were significantly lower in the control group (P=0.008). 
However, postoperative hemoglobin values at 24h after 
surgery were the same as the two groups. 

    
 
 
 
 
 
 
 
 
 
 
 
                               RBC: red blood cell 

Table 3. Number of transfused red blood cell units 
Number of transfused RBC units Fibrinogen Placebo 

0 61 (68.5%) 42 (47.2%) 

1 17 (19.1%) 30 (33.7%) 

2 8 (9.0%) 12 (13.5%) 

3 3 (3.4%) 5 (5.6%) 

Total number of transfused RBC units per group 28 (31.5%) 47 (52.8%) 
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  Using Spearman’s correlations test, total perioperative 
bleeding was correlated with fibrinogen administration 
(P=0.001), duration of surgery (P=0.014), hemoglobin 
concentration before surgery (P<0.001), fibrinogen before 
surgery (P=0.018), and the number of changes in fibrinogen 
levels during surgery (P<001). However, no correlations were 
found between age (P=0.936), gender (P=0.298), body mass 
index (P=0.329), preoperative PT (P=0.742), preoperative PTT 
(P=0.985), preoperative INR (P=0.522), and preoperative 
platelet count (P=0.507) and the amount of bleeding. 
  None of the patients in either group had complications related 
to fibrinogen transfusion, including deep vein thrombosis, 
myocardial infarction, or cerebrovascular accidents 
throughout the hospital stay and in the two weeks after 
discharge.  
 

Discussion 
  The THA is typically performed in Iran as a last option for 
severe hip osteoarthritis. Due to some habits in the Iranian 
lifestyle, such as using a squat toilet and sitting on the floor 
instead of chairs, they may experience more hip and knee joint 
issues compared to other nationalities.31 Total hip and knee 
arthroplasty accounts for about 10% of all transfused red 
blood cell units, making it the most common reason for 
allogeneic blood transfusion in elective surgeries.32-36 It is 
important to understand that a blood transfusion is not a 
simple surgical procedure. Jans et al. investigated the increased 
mortality in THA patients who received blood transfusion.6 
Increased venous thromboembolism following total joint 
arthroplasty and also in pregnancy had been reported.37,38 
  This study was a double-blind randomized controlled trial 
designed to determine the effect of prophylactic fibrinogen 
administration on reducing hemorrhage in THA surgery. The 
results showed that the administration of prophylactic 
fibrinogen significantly reduces bleeding and the need for 
blood transfusion. Most studies in the past, similar to the 
present study, confirmed the effect of intraoperative 
fibrinogen use on reducing hemorrhage in various 
surgeries15,16,18,19,28,39  and several studies have shown that low 
plasma fibrinogen during surgery increases the volume of the 
hemorrhage and the need for blood transfusion17,20,23,40,41 

Current scientific data supports fibrinogen repletion in 
patients with ongoing bleeding and confirmed fibrinogen 
deficiency25  because it is relatively safe, and all the randomized 
controlled trials have not reported an increase in the rate of 
perioperative thrombosis in fibrinogen replacement cases.22,42   
  Nadia et al. had shown that the rate of blood transfusion in 
knee and hip replacement surgeries was 69%.1 Their 
outcomes are comparable to those of the control group in the 
current study. Browne et al. investigated the significant risk 
factors for blood transfusion and found that they were female 
gender, age > 85, and preoperative anemia. Moreover, they 
demonstrated that patients experiencing blood transfusions 
had a higher rate of in-hospital mortality, longer length of 
hospital stay, and higher total charges compared to non-
transfused patients.4 Contrary to the findings of this research, 
no association between gender or age and hemorrhage was 
found; however, preoperative anemia was identified as a risk 

factor, similar to the previous study. 
  In a study conducted by Ucar et al., the level of fibrinogen 
significantly correlated with the amount of postoperative 
hemorrhage in patients who were candidates for coronary 
artery bypass graft surgery.41 Pournajafian et al. showed that 
the amount of hemorrhage and the need for blood transfusion 
were significantly more than the control group during spinal 
surgery, which was consistent with the results of this study.43 
The results of the present study concerning the need for blood 
transfusions were consistent with the findings of the reearch 
conducted by Thorarinsdottir et al. on 37 patients, which 
showed that the administration of fibrinogen for severe 
hemorrhage was associated with an increased fibrinogen 
concentration and a significant decrease in PTT, PT, and 
requirement for blood transfusions.44 Carling et al. studied 
patients in scoliosis surgery and found that the hemorrhage in 
these patients had a significant correlation with plasma 
fibrinogen concentration but showed no significant correlation 
with platelet count, PT, and PTT.45 In a pilot study by Najafi et 
al., perioperative blood loss was lesser in the control group. In 
addition, they addressed preoperative anemia as a risk factor 
for bleeding. However, contrary to the present study, they 
failed to demonstrate the correlation between fibrinogen 
administration and the need for blood transfusion.22 The 
results of a study by Lupu et al., in contrast to the current 
investigation, demonstrated that the administration of low 
doses of fibrinogen does not cease bleeding or the requirement 
for allogeneic blood product transfusion in cardiac surgery.27 
  The small sample size and the lack of follow-up were among 
the limitations of the current study. Additionally, we did not 
investigate the cost-effectiveness of fibrinogen concentrate. 
Further investigation is required into the early use of 
fibrinogen concentrate, as well as its potential advantages over 
fresh frozen plasma or cryoprecipitate, and whether or not its 
administration at high doses leads to a greater risk of adverse 
events. 
 

Conclusion 
  Our study showed that the infusion of 2g fibrinogen 
concentrate reduces perioperative bleeding and significantly 
decreases the required number of RBC units. Prophylactic 
fibrinogen might improve the outcomes of THA patients by 
decreasing perioperative hemorrhage and blood transfusion.  
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