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Abstract

Objectives: The purpose of this study was to evaluate the effect of intra-articular injection of fibrinogen on postoperative bleeding
following total knee arthroplasty.
Methods: A double-blind randomized clinical trial was conducted on 40 patients aged 40 - 70 years under spinal anesthesia candi-
date for total knee arthroplasty in Golestan hospital, Ahwaz, Iran, in 2017-2018. Patients were divided into fibrinogen intra-articular
injection (n = 20) and control (n = 20) groups. The amounts of blood loss and blood transfusion requirement were recorded.
Hemoglobin (Hb), hematocrit (HCT), international normalized ratio (INR), platelet (PLT), prothrombin time (PT), and partial throm-
boplastin time (PTT) were recorded before and after the surgery.
Results: There was no significant difference in the average amount of intraoperative blood loss between the groups (P > 0.05).
The average amount of blood loss 24 hours after the surgery was significantly lower in the fibrinogen group than in the control
group (fibrinogen group 350.61 ± 120.32 cc; control group 540.00 ± 170.21 cc; P = 0.0002). There were significant differences in
transfusion between the groups (fibrinogen group 250 ± 20 cc; control group 350 ± 50 cc; P < 0.0001). There was a significant
difference between the two groups in 24 h postoperative Hb and HCT (P < 0.001).
Conclusions: Intra-articular fibrinogen administration may reduce acute bleeding and can be used as an effective intervention to
prevent further bleeding and the need for transfusion in patients undergoing total knee arthroplasty.
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1. Background

Total knee arthroplasty (TKA) is a common surgical pro-
cedure for the treatment of patients with severe arthri-
tis. One of the complications of TKA is major bleeding,
as 10 - 38% of patients would require blood transfusion
(1). The volume of bleeding is sometimes 1,500 mL (800 -
1800) on average (2, 3). Postoperative bleeding can cause
hematoma, pain, limitation of knee movement, and de-
layed wound healing. Also, reducing bleeding is important
to maintain hemodynamic stability for the patient and re-
duce complications such as hemolytic and non-hemolytic
reactions, acute injury, viral and bacterial infections, hy-
pothermia, and coagulopathy (4). The Zhang et al. study
demonstrated that after the release of the tourniquet, fib-

rinolysis is activated at the location, increasing the blood
loss (5). Therefore, it is important to find a method to re-
duce bleeding during surgery (6).

Various methods can be effective in reducing periop-
erative hemorrhage, including intraoperative controlled
hypotension, tourniquet use, intravenous and local use
of anti-fibrinolytic drugs, fibrin sealants, and autologous
platelet gels (7, 8). Fibrinogen is an anti-fibrinolytic agent
that plays a key role in the formation, reinforcement, and
strengthening of the clot (9). Fibrinogen is a plasma glyco-
protein made by the liver, which is converted to fibrin and
blood clots by thrombin enzymes following tissue and vas-
cular injury. It is a substrate for thrombin, plasmin, and
active factor XIII, with a half-life of three to five days (10).
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Hypofibrinogenemia occurs due to factors such as hem-
orrhage, hemodilution, consumption due to blood clot-
ting, and Disseminated Intravascular Coagulation (DIC)
(11). Thus, it is important to use fibrinogen to keep its blood
concentration at the normal level and control clot forma-
tion in patients with hemorrhage (12). The normal level of
fibrinogen is 200 to 450 mg/dL (13).

There are different methods for administering fibrino-
gen. A common way is an intravenous administration.
In this route of administration, the drug is distributed
throughout the body, but an inadequate amount of the
drug may be provided for the injured tissue (14). The com-
plications of intravenous fibrinogen injection include al-
lergic reactions, fever, and thrombotic events such as my-
ocardial infarction and pulmonary embolism (14-17). An-
other method of prescribing fibrinogen is homeostatic
patches, lengthways with collagen, and thrombin. The
complications of this method are immune responses and
renal complications (18, 19). The topical administration of
fibrinogen is a new approach for the administration of this
drug. This approach is associated with lower drug require-
ments and complications and more effectiveness. This
method has been described to stop diffuse hemorrhage in
TKA in small studies and could be a hopeful approach to re-
duce blood loss and lower transfusion rates (20).

There are several opinions on the administration of
intra-articular fibrinogen. In the study of Heyse et al., the
intra-articular administration of fibrinogen in TKA did not
lead to a significant reduction in blood loss and transfu-
sion in primary TKA for osteoarthritis (21). Bae et al. showed
that a thrombin-based hemostatic agent was effective in re-
ducing drainage and blood transfusion in TKA (22). Due to
the contradictory results regarding the intra-articular ad-
ministration of fibrinogen, we decided to conduct a study
to investigate the effect of intra-articular injection of fib-
rinogen on the amount of bleeding during TKA.

2. Objectives

Due to the contradictory results regarding the intra-
articular administration of fibrinogen, we decided to con-
duct a study to investigate the effect of intra-articular injec-
tion of fibrinogen on the amount of bleeding during TKA.

3. Methods

This study was approved by the Ethics Commit-
tee of Ahvaz Jundishapur University of Medical Sci-
ences (IR.AJUMS.REC.1397.419) and registered at IRCT
(IRCT20190222042803N1). This double-blind randomized
clinical trial was conducted on 40 patients aged 40 - 70

years, with ASA Class I and II, under spinal anesthesia, can-
didate for TKA in Golestan hospital, Ahwaz, Iran, in 2017 -
2018. Patients were informed of the goals of the study and
gave their written consent. The exclusion criteria were
dissatisfaction with participation in the study, a history
of arthroscopic knee surgery, uncontrolled hypertension,
cardiovascular disease, deep venous thrombosis, coagu-
lopathy, use of NSAID and anticoagulant drugs, body mass
index > 30, and operation time > 120 min.

3.1. Randomization

The patients were randomized 1:1 to take either fibrino-
gen or placebo. To ensure that patients, surgeons, and in-
vestigators were blind to the treatment before the study,
the patient enrollment was done based on computer-
generated allocation concealment. The sequences were
generated by a self-governing calculator using a random
number generator with 1:1 allocation and random block
sizes of two.

3.2. Blindness

To blind the study, the patients, the surgeon, and the
investigator were not aware of the type of the drug, and
the surgeries were performed by a single surgeon. The in-
jectable drug was prepared by the researcher and named A
and B.

3.3. Sample Size

The sample size was calculated by the sample size es-
timation formula based on a previous study (23). Consid-
ering a probable mean difference of 225 cc or greater in
total bleeding between the two groups, to find a statis-
tical power of 0.80 at an Alfa error of 0.05, 20 patients
were required in each group. By considering that 10% of
the patients would be omitted, 30 patients were enrolled
in each group. During the study period from December
2017 to November 2018, 65 patients undergoing elective
TNA surgery were qualified to contribute to the trial. They
were agreed to contribute and gave their written informed
consent. Among them, 10 patients did not meet the in-
clusion criteria (seven patients had ASA > 2, and three pa-
tients were aged > 70). Three patients had a history of car-
diovascular disease, five patients were giving anticoagu-
lant drugs, five patients had a body mass index > 30, and
two patients had operation time > 120 min. Finally, 40 pa-
tients were registered in the study and allocated to the two
groups of fibrinogen and control, each with 20 patients
(CONSORT diagram).

Patients were divided into two groups: fibrinogen (n
= 20) and control (n = 20). Hemoglobin (Hb), hematocrit
(HCT), international normalized ratio (INR), platelets (PLT),
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prothrombin time (PT), and partial thromboplastin time
(PTT) were recorded before the surgery as baseline data. Be-
fore spinal anesthesia, routine monitoring (pulse oxime-
try, non-invasive blood pressure, and ECG) was performed,
and a ringer solution of 10 mL/kg was infused. Spinal anes-
thesia was performed in the patients in a sitting position
through the L4 - L5 or L3 - L4 spaces using 26G Quincke
spinal needles. Hyperbaric bupivacaine (12.5 mg) was in-
jected after assuring proper subarachnoid space detection.
In the first 10 minutes, the blood pressure was measured
every three minutes, and then it was measured every 5 min.
If the systolic blood pressure decreased by 25% of baseline
or below 90 mmHg, 5 mg of intravenous ephedrine was in-
jected. The patient’s sensory level was assessed by the pin-
prick method, and at the T6 level, the surgery was allowed.
Tourniquets were used for all patients. The amount of in-
traoperative bleeding in both groups was calculated based
on the difference between the total suction volume and the
known irrigation volume.

About two minutes before releasing the tourniquet
pressure, 500 mg fibrinogen (Evicel; Ethicon, Johnson &
Johnson, Somerville, NJ, USA) diluted with normal saline
at a total volume of 20 ml, for patients in the fibrinogen
group, and 20 mL of normal saline, for patients in the con-
trol group, were injected locally to the knee joint by the
surgeon (24). All patients underwent posterior stabilized
TKA (Zimmer IN, USA, or Legion, Smith & Nephew, Mem-
phis, TN, USA). At the end of the surgery, one deep drain
was fixed for each patient (3.175-mm ConstaVac; Stryker,
Kalamazoo, MI, USA) and was placed in low-pressure suc-
tion (25 mmHg) for 24 h. The bleeding was calculated and
compensated with a packed cell. The estimation of the
total blood loss was done by a mathematical approach.
We used Nadler’s formula for calculating the blood vol-
ume (25), and then, the approximate blood loss was deter-
mined by using Mercuriali and Rosechner’s formula (26).
The start point for transfusion was a hemoglobin level < 8
g/dL unless medical causes required transfusion above this
level. If the amount of bleeding was less than ABL, the pa-
tient was given 3 mL of isotonic serum per one milliliter of
blood loss. After releasing the tourniquet, the site of op-
eration was sutured and dressed, and patients were trans-
ferred to the recovery room. The primary outcomes were
intraoperative bleeding, total 24-h drainage collected in
the drain, and postoperative blood transfusion. The sec-
ondary outcomes were Hb, HCT, INR, PLT, PT, and PTT before
the surgery and 24 hours after the surgery.

3.4. Statistical Analysis

Numeric data were described as mean± standard devi-
ation (SD), percentages (%), and numbers (n). The indepen-
dent t-test, Mann-Whitney test, and chi-square test were

used for quantitative and qualitative variables. The P val-
ues of ≤ 0.05 were considered statistically significant. All
analyses were performed using SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA).

4. Results

There were no significant differences between the
groups in demographic characteristics (age, sex, and
weight) and surgical data (tourniquet time and underlying
disease) (Table 1).

Concerning the primary outcomes, the intraoperative
bleeding was lower in the fibrinogen group, but there was
no significant difference (P = 0.247) (Table 2). The aver-
age amount of blood loss 24 hours after surgery was sig-
nificantly lower in the fibrinogen group than in the con-
trol group (fibrinogen group: 350.61 ± 120.32 cc; control
group 540.00 ± 170.21 cc; P = 0.0002). There were signif-
icant differences in transfusion between the groups (fib-
rinogen group 250 ± 20 cc; control group 350 ± 50 cc; P
< 0.0001) (Table 2).

Concerning the secondary outcomes, there was a sig-
nificant difference between the groups in 24 h postopera-
tive Hb and HCT (P < 0.001) (Figure 1). The mean platelet,
PT, PTT, INR, and HCT levels before the surgery were not dif-
ferent between the two groups (P > 0.05). After 24 hours of
the completion of the surgery, the average blood platelet
count was reported to be higher in the fibrinogen group,
but there was no significant difference (P > 0.05). Besides,
PT increased in the control group, but there was no sig-
nificant difference (P > 0.05). However, PTT and INR in-
creased significantly after the surgery in the control group
(P < 0.05) (Table 3).

5. Discussion

Bleeding after TKA can increase the need for blood
transfusion, which enhances the costs and risks of the
surgery, and is associated with some complications (27).
The administration of topical fibrinogen can reduce
drainage, decrease hemoglobin, and lower the need for
blood transfusion in TKA. In the present study, although
the mean volume of bleeding during surgery was lower in
the fibrinogen group than in the control group, there was
no significant difference (P > 0.05). However, the mean
volume of postoperative bleeding was significantly lower
in the fibrinogen group than in the control group (P =
0.0002). In a study, Heyse et al. concluded that the use of
fibrinogen in TKA did not lead to a significant decrease
in blood loss or transfusion in TKA for osteoarthritis (21).
In their study, fibrinogen was used inside the medial
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Table 1. Demographic and Surgical Data of Patients in the Two Groups a , b

Variables Fibrinogen Group (N = 20) Control Group (N = 20) P-Value

Age (y) 60.25 ± 3.70 59.4 ± 3.97 0.513

Sex (M/F) 8/12 6/14 0.401

Weight (Kg) 73.63 ± 6.48 76.67 ± 6.31 0.141

Tourniquet time (min) 84.3 (58 - 110) fisher 91.1 (60 - 115) 0.391

Preoperative hematocrit (%) 36.81 ± 4.26 36.20 ± 4.31 0.658

Preoperative hemoglobin (g/dL) 12.49 ± 1.83 12.11 ± 1.47 0.477

aData are expressed as mean ± standard deviation.
bGroup comparisons were made using t-tests and Fischer’s Exact Test (tourniquet time comparison between two groups).

Table 2. Primary Outcomes in Both Groups of Patients a , b

Variables Fibrinogen Group (N = 20) Control Group (N = 20) P-Value

Intraoperative blood loss (cc) 67.50 ± 26.53 76.50 ± 24.77 0.247

Blood loss in 24 hours (cc) 350.61 ± 120.32 540.00 ± 170.21 0.0002

Transfusion (cc) 250 ± 20 350 ± 50 < 0.0001

aData are expressed as mean ± standard deviation.
bGroup comparisons were made using t-tests.
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Figure 1. Average 24-hour Hgb (A) and Hct (B) preoperatively and perioperatively in fibrinogen and control groups.

knee joint space but did not significantly reduce bleeding
and blood transfusion. This difference with our results
might be attributed to the method of cauterization ap-
plied after the release of the tourniquet. There are two
previous studies about the use of fibrinogen for blood
loss control in TKA. Levy et al. carried out a prospective,
controlled, randomized study on 58 patients undergoing
TKA using a human fibrin tissue adhesive from a different
manufacturer (Quixil; Omrix Biopharmaceuticals SA, Nes-
Ziona, Israel). They used the cruciate-retaining knees and

low-molecular-weight heparin for thromboprophylaxis.
Their study recognized significant benefits in the inter-
vention group concerning postoperative drain output,
hemoglobin drop, and transfusion rate (28). Their results
were comparable to this study, although they used fibrin
tissue adhesive. The study by Wang et al. described similar
results with the same product in patients undergoing
TKA in a cohort study (29). Quixil contains tranexamic
acid, which has been confirmed to be effective in reducing
blood loss.
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Table 3. Comparison of Mean Blood Factors in Patients Before and After Surgery a , b

Blood Factors Fibrinogen Group (N = 20) Control Group (N = 20) P-Value

Platelets

Baseline 312.85 ± 98.680 306.40 ± 67.786 0.811

After Surgery 291.05 ± 94.009 278.75 ± 65.754 0.634

PT

Baseline 13.315 ± 1.128 12.885 ± 0.829 0.178

After Surgery 13.675 ± 1.378 13.455 ± 0.871 0.550

PTT

Baseline 30.150 ± 2.66 30.00 ± 1.41 0.825

After Surgery 32.40 ± 2.18 33.05 ± 2.84 0.442

INR

Baseline 0.99 ± 0.09 0.98 ± 0.12 0.740

After Surgery 1.09 ± 0.07 1.13 ± 0.11 0.174

HCT

Baseline 36.81 ± 4.26 36.20 ± 4.31 0.658

After Surgery 34.49 ± 4.17 33.82 ± 4.49 0.628

aData are expressed as mean ± standard deviation.
bThe statistical test was the t-test.

In a study, Bae et al. evaluated the hemostatic effect of
intra-articular injection of a thrombin-based hemostatic
agent in TKA. They showed the efficacy of this agent in re-
ducing drain output and blood transfusion rates (22). This
study was in line with our study concerning drain out-
put and HB decrease. In 2016, the results of a study by
Tartaglia et al. on patients undergoing thyroid surgery
indicated that the use of collagen-fibrinogen-thrombin
patch reduced the amount of postoperative drainage, as
well as bleeding-related complications (30). The Payani et
al. study used topical fibrinogen on the precordium in
open cardiac surgery. They indicated a reduction in post-
operative blood loss after CABG, and patients had higher
hematocrit in the postoperative period (31). A recent study
obtained similar results, demonstrating that in TNA, the
local injection of fibrinogen could reduce postoperative
bleeding.

5.1. Limitations

The limitations of this study were the small number of
patients so that with this number of cases, we could not get
the real result. It is recommended that future studies be
conducted with a larger sample size in multiple centers.

5.2. Conclusion

The results of this study showed that intra-articular in-
jection of fibrinogen may play an important role in reduc-
ing acute postoperative hemorrhage and can be used as an

effective intervention to prevent further bleeding and re-
duce the need for blood products in patients undergoing
TNA.
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