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Original Article

Objective: To evaluate the effect of fibrin perihepatic packing on controlling liver hemorrhage and liver wound healing.
Methods: In this animal experimental study, 20 adult male Sprague Dawley rats, weighing 200-220 g, were 
included. Stab wound injury was created by number 15 scalpel, so that bilateral liver capsules and liver tissue 
were cut, and acute bleeding was accrued. The animals were divided into 2 study groups: control (with a primary 
gauze packing treatment) and test group (with fibrin packing treatment). Serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and total serum bilirubin (TSB) levels were measured as a liver function test 
during the treatment period. Blood loss was calculated for estimation of hepatic hemorrhage during surgery. 
After four weeks, the liver wound repair was evaluated by sampling and Hematoxylin and Eosin staining (H&E).
Results: In the test group, all of animals were alive (mortality rate=0%). Significantly, ALT and AST levels 
were raised after surgery, followed by a decrease ALT (p=0.783) and AST (p=0.947) to the normal level during 
4 days. Estimated blood loss was 2.89 ± 0.73 mL (about 19.65% of estimated blood volume). Hematocrit levels 
returned to the normal level (p=0.109) after 48 hours. In the control group, the mortality rate was 50% during 12h 
after surgery. ALT (p=0.773) and AST (p=0.853) were decreased to normal level during 6 days, and estimated 
blood loss was 4.98±0.77 mL (about 32.98% of estimated blood volume) in the remaining animals. Moreover, 
hematocrit levels returned to the normal level (p=0.432) after 72 hours. Estimated blood loss in the test group was 
significantly less than control group (p<0.001). Total serum bilirubin levels were not significantly different from 
the normal level, before and after surgery in both groups. Histopathology sections from the post-hepatectomy 
specimens showed that the site of the previous incision was completely repaired, and a dense fibrous septum was 
observed in both groups. 
Conclusion: The fibrin dressing was effective in preventing blood loss and saving lives after a liver stab injury 
and major internal bleeding in the animal model of rat.
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Introduction

Traumatic injuries are the primary cause of 
death in 1 to 34 years-old people and are 

the fifth leading cause of death in USA [1]. In 
trauma handling, hemorrhage management plays 
an important role in surgery success and saving 
patients’ lives [2, 3]. In the external wounds with an 
active bleeding, direct compression can significantly 
reduce blood loss volume. Internal bleeding and 
anemia are the most important causes of death in 
liver injuries. Approximately, 25 percent of liver 
injuries lead to mortality. After liver injuries, when 
internal bleeding occurs, coagulopathy can happen 
as a result of hypothermia, dilution of clotting 
factors, and thrombocytopenia [4]. Blunt abdominal 
trauma is a leading cause of morbidity and mortality 
among all age groups. Liver and spleen are the 
most frequently injured organs. In managing blunt 
abdominal trauma, in order to control hemorrhage 
and spillage, laparotomy is the usual indication for 
patients with features of hemodynamic instability 
and peritonitis. Perihepatic packing (PHP) is the most 
successful method for bleeding management. The 
most important goal in PHP methods is achieving a 
faster hemostasis by packing the liver with placing 
surgical pads, and the correction of acidosis, 
coagulopathy, and hypothermia. Sepsis, vascular 
collapse, and re-bleeding after packs removal are 
some of the complications of PHP methods [3, 5].

 Naturally, fibrinogen and fibrin play a key role in 
blood clotting. After a vessel injury, fibrin is formed 
as the lead of the clotting cascade, and blood cells 
are trapped to fibrin mesh. The fibrinogen molecule 
is comprised of two sets of three polypeptide chains, 
termed Aα, Bβ, and γ, which are joined together 
in the N-terminal E domain by five symmetrical 
disulfide bridges [6].

Interactions between the specific-binding sites 
on fibrin, pro-enzymes, clotting factors, enzyme 
inhibitors, and cell receptors play an important 
role in blood clotting, fibrinolysis, cellular and 
matrix interactions, inflammation, wound healing, 
angiogenesis, and neoplasia [7]. Fibrin also acts 
as a vector for delivering growth factors. Growth 
factors play an essential role in cell proliferation, 
migration, differentiation, and tissue regeneration. 
Fibrin is a modulator of macrophages activity and 
changer rate between wound inflammation and 
tissue repair. Endothelial cells injury stimulates the 
synthesis of platelet-activating factor (PAF) as a 
primary hemostasis process and wound healing [8]. 
Following binding of fibrin to the platelet integrin 
αIIbβ3 receptors, a platelet plug will be formed that 
includes activated platelets and fibrin fibers [9]. 
These activated platelets secrete a number of growth 
factors, such as platelet-derived growth factor 
(PDGF). Subsequently, PDGF stimulates the process 
of wound healing by activating fibroblasts to produce 
collagen, glycosaminoglycans, and proteoglycans 

[10]. Moreover, coagulation cascade activates several 
components including thrombin and fibrin, which 
can promote angiogenesis and wound repairing [11].

In recent years, a range of topical haemostatic 
agents and techniques became available that led to 
surgical success. These products, which are classified 
as topical hemostats, sealants, and adhesives, would 
be fast-acting, non-antigenic, easily applied and 
removed, inexpensive, stable and transportable 
with few side-effects [2, 12]. These applicants are 
ready-to-use. They are made from equine collagen 
coated with human fibrinogen and thrombin and 
initiate the final steps of coagulation cascade [13]. 
The main objective of this study is evaluation of 
fibrin perihepatic packing method on the control of 
liver hemorrhage and liver wound healing.

Materials and Methods

Animal Preparation 
All the procedures involving animal subjects 

were reviewed and approved by the Institutional 
Research Ethics Committee of Shiraz University 
of Medical Sciences. Male Spraque-Dawley rats 
(n=20), weighing 200-220 g, were selected from the 
Laboratory Animal Center of Shiraz University of 
Medical Sciences (Shiraz, Iran). The animals were 
acclimatized in the animal house facility and were 
kept under controlled humidity and temperature for 
at least 5 days before surgery. The animals were 
divided into two groups: control (with a primary 
gauze packing treatment) and test group (with fibrin 
packing treatment). Animals were maintained on a 
regular 12-hr dark/light cycle (6 PM to 6 AM). Food 
and water were ad libitum [14, 15]. The study protocol 
was approved by the institutional review board (IRB) 
of Shiraz University of Medical Sciences. 

Fibrin Patch Preparation
Fresh frozen human plasma (FFP) with normal 

coagulation parameters and 300mg/dl fibrinogen 
concentration, citrate phosphate dextrose adenine 
(CPDA-1) (as an anticoagulant) was obtained from 
Iranian blood transfusion organization. FFP was 
thawed in room temperature. 25 ml of plasma was 
derived and poured in a 50 ml falcon tube in sterile 
conditions. The falcon tube was centrifuged at 
3000 rpm for 5 min. Then 20 ml of the top plasma 
was transferred to a 10 cm glass dish. In the next 
step, 1 ml of CaCl2 with 0.2 mol concentration 
was added to the plasma and was mixed well. The 
plasma was incubated at 37 °C until fibrin formation 
was completed and plasma was gelated (Figure 
1A). Slowly and carefully, the clotted plasma was 
isolated from the dish wall by a surgery knife in a 
sterile condition. Then it was put upside down on an 
autoclaved plastic mesh with a toilet paper under the 
mesh as a fluid absorbent (Figure 1B). 

After about 10 min, when the plasma fluid was 
absorbed, the fibrin fibers became compact and made 
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a fibrin layer on the mesh. It should be noted that the 
fibrin layer will dry up, if it is not in wet conditions. 
For this purpose, while the fibrin layer is connected 
to the net, it should be put in a container containing 
a piece of wet gas and be kept closed until usage. 
When using, with the help of forceps, the fibrin layer 
should be removed carefully and slowly from the 
mesh and be kept between the fingers of both hands 
in the flattened state (Figure 1C).

Anesthesia and Abdominal Skin Preparation
To reduce contamination, animals were prepared 

for surgery at a bench in another room separated 
from surgical operation area. General anesthesia was 
administrated by intraperitoneal injection combined 
of 100 mg/kg ketamine and 10 mg/kg xylazine. After 
anesthesia, which was confirmed with no response to 
pain stimulus and absence of corneal reflex, animals 
were located horizontally in dorsal position with 
all paws held by sticky tape. Then their abdominal 
hairs were removed carefully by a #40 blade. The 
area along the incision line and extended outward 
in a circular pattern was prepped with a betadine-
impregnated gauze.

Laparotomy
With a number 21 cold scalpel, an approximately 

3.5 cm median incision was generated. After opening 
the abdominal cavity, the median lobe was pulled 
out, and a 4-5 mm injury was created by a number 
15 scalpel, so that bilateral liver capsules and liver 
tissue were cut (Figure 2A). Following this major 
injury, acute bleeding was accrued. In this step, in 

the control group, we tried to control bleeding with 
sterile gauze bondage. After 10 minutes, bondage 
was opened and the liver was returned to the 
abdominal cavity.  In the test group, fibrin patch 
was spread immediately and the median lobe was 
returned on the fibrin patch. The four corners of the 
fibrin patch were folded over the median lobe and 
sutured to each other (Figure 2B). Abdominal was 
sutured by 5-0 vicryl needle. 

Blood Sampling
About 10 minutes before surgery, when animals 

were anesthetized, 0.5 ml tail blood samples were 
collected in two types of tube; ethylene diamine tetra 
acetic acid (K3-EDTA), the tubes for hematocrit 
(HCT) assay and clot samples for evaluation of 
liver function tests (ALT, AST, TSB). Sampling 
was repeated 2 hours after surgery as well. During 
6 days after surgery, blood sampling was done for 
evaluation of ALT, AST, TSB, and HCT levels. Clot 
samples were allowed to stand for 30 minutes in 
room temperature and were centrifuged at 3000 g 
for 5 min to separate the serum from the blood cells. 

Evaluation of Liver Function
Evaluation of liver function was performed by 

using enzymatic colorimetric ALT, AST kits 
(Mancompany, Iran) and using a nonchemical 
photometric device to measure TSB, before and daily 
for 6 days after surgery.

Measurement of Blood Loss 
Blood loss was calculated by Gross’ formula. No 

Fig. 1. Fibrin patch preparation: gelating plasma after 1ml of CaCl2 with 0.2mol concentration was added to 20ml of plasma and 
incubated at 37°C (A); putting clot of plasma upside down on a plastic mesh while applying toilet paper under the mesh as a fluid 
absorbent (B); removing fibrin layer from the mesh and keeping between the fingers of both hands in the flattened state (C).
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fluid and blood transfer was used during and after 
surgery. Estimated blood loss=EBV × (Hct0 – Hctf)/
HctAV .Where estimated blood volume (EBV)is 7% of 
body weight [16]; Hct0 is the initial hematocrit before 
surgery, Hctf is the patient’s minimum allowable 
hematocrit and HctAV is the average of the initial 
and minimum hematocrit [17].

Histopathology
After 4 weeks, all rats were anesthetized and 

killed. The liver lobes were fixed in 10% buffered 
formalin. After 48 hours, the lobes with inflicted 
injury were cut in 6×6 mm slices and embedded 
in paraffin. Slide preparation was done with thin 
layer (4µ diameter) tissue slices. Then slides were 
stained with Hematoxylin and Eosin staining based 
on standard Elastica-van Gieson protocol. 

Statistical Analysis
All the statistical analyses were performed using 

statistical package for social sciences (SPSS Inc., 
Chicago, Illinois, USA) version 16.0. The parametric 
data were compared using Paired Samples t-test 
before and after the surgery. independent t-test was 
used to compare the data between two study group. 
A 2-sided p-value of less that 0.05 was considered 
statistically significant.  

Results

In the test group, all animals were alive (mortality 
rate=0%). Significantly, ALT and AST levels were 
raised after surgery, followed by a decrease ALT 
(p=0.783) and AST (p=0.947) to the normal level 
during 4 days (Figure 3). Estimated blood loss was 
2.89±0.73 ml (about 19.65% of estimated blood 
volume). Hematocrit returned to normal level 
(p=0.109) after 48 hrs. In the control group, the 
mortality rate was 50% during 12 hrs after surgery 
(These animals were excluded from the study). 
ALT (p=0.773) and AST (p=0.853) levels decreased 
to reach the normal level during 6 days (Figure 

4). Estimated blood loss was 4.98±0.77 ml (about 
32.98% of the estimated blood volume). It was also 
observed that hematocrit returned to the normal 
level (p=0.432) after 72 hrs. Totally, the observed 
results, indicated that estimated blood loss in the test 
group, was significantly (p<0.001) less than control 
group (Table 1). Total serum bilirubin levels were not 
notably different from the normal level, before and 
after surgery in both groups. Histopathology sections 
from the post hepatectomy specimens showed that the 
site of previous incision was completely repaired, and 
dense fibrous septum was observed in both control 
and test groups (Figure 5A). This band contained 
hemosidrine layden macrophages, which were in 
favor of old hemorrhage in this site (Figure 5B).

Fig. 2. Creating injury by a number 15 scalpel so that bilateral liver capsules and liver tissue were cut (A); fibrin dressing, the four 
corners of fibrin layer were folded over the median lobe and sutured to each other (B).

Fig. 3. Rise of ALT and AST levels (IU/L) after surgery and 
return to normal level (p<0.05) during 96 hrs in the test group.

Fig. 4. Rise of ALT and AST levels (IU/L) after surgery and 
return to normal level (p<0.05) during 144 hrs in the control 
group.
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Discussion

Liver and other parenchymatous organs are at the 
risk of various types of abdominal trauma, with a 
mortality rate greater than 60% [18]. Uncontrollable 
hemorrhage, coagulopathy, multiple organ failure, 
and sepsis are the consequences of abdominal 
injuries, which cause a high mortality rate. 

Fibrin is a natural substance with a high potential for 
application in tissue engineering and wound healing 
[19]. Fresh and autologous fibrin patch as a suitable 
source of PDGF, cytokines, and other components, 
plays an essential role in wound healing [20]. Other 
studies also showed that cell proliferation, migration, 
differentiation, and tissue regeneration are related to 
fibrin activities [21]. A variety of studies have shown 
successful hemorrhage control with fibrin sealants 
in the presence of coagulopathy and in a trauma 
setting [22-24]. Usage of liquid fibrin sealant may 
be difficult and time-consuming. Additionally, they 
can easily be diluted and washed off the surface by 
high-volume bleeding in lacerated large vessels. Dry 
fibrin sealant dressings (FSD) are more effective 
than standard gauze swabs when used to pack 
grade V liver lacerations with severe large venous 
hemorrhage [25].

Some studies on liver packing methods have shown 
some adverse effects such as inability to control 
bleeding, increasing the rate of liver parenchymal 
necrosis due to pressure on the hepaticportal vein and 

hepatic arteries and increasing the rate of abdominal 
abscess formation. Moreover, the risk of rebleeding 
in second surgery and some adverse effects on the 
pulmonary and cardiovascular functions can be 
accrued [5, 26, 27]. Besides the above-mentioned 
drawbacks, the complications of perihepatic packing 
methods are sepsis and vascular collapse following 
pack removal [26], but the most important aspect of 
our fibrin dressing is being digestible by plasmin 
enzymes and also absorbable (no need for second 
surgery and patch removal). 

This study showed that mortality rate was 
significantly less in the test group (with liver fibrin 
perihepatic packing) than control group (with gauze 
dressing). The estimated blood loss decreased 
significantly in test group in comparison to the 
control group (about 2.9 mL in test group and 4.9 mL 
in control group). Furthermore, the returning time of 
hematocrit (48h in test and 72h in the control group) 
and returning time of liver functional enzymes to 
normal levels were significantly faster than the 
control group (4 days in test and 6 days in the control 
group). However, there was no significant difference 
in the bilirubin level between two groups.

Notably, our experimental animal trial evaluated 
the effects of a noncommercial fibrin patch that 
was made without using external thrombin as a 
coagulation activator. Similar to other studies, our 
result showed that fibrin dressing could be effective 
in preventing blood loss and saving lives [5, 22-24]. 

Table 1. Average of hematocrit and estimated blood loss in test and control group
Test Control p value

Number of animals 10 5 –
Animals weight ( gr) 210±4.95 215±2.6 0.071
Estimated blood volume (ml) 14.7±0.34 15.1±0.17 0.029
Estimated blood loss (ml) 2.89±0.73 4.98±0.77 <0.001
Hematocrit (%) 

Before surgery 44.23±2.33 43.65±1.61 0.064
2-hour after surgery 36.30±1.46 31.2±1.19 <0.001
48-hour after surgery 43.80±1.99 36.5±1.26 <0.001
72-hour after surgery 43.82±1.92 42.6±0.95 0.235

Fig. 5. Histopathology sections from post hepatectomy. The site of previous incision was completely repaired and dense fibrous 
septum was observed, the dense fibrous septum shown in yellow arrows. H&E staining ×10 (A); Hemosidrine layden macrophages, 
which were in favor of old hemorrhage in this site, shown in yellow arrows. H&E staining ×40 (B). 
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In addition, the time of returning ALT and AST to 
normal levels in the test group, showed that fibrin 
dressing was effective in wound healing [28]. 

In conclusion, the fibrin dressing is effective 
approach in preventing blood loss and saving lives 
after a liver stab injury and major internal bleeding 
in the animal model of rat. Although, this method 
prevents bleeding and is suitable for injury treatment, 
we recommend autologous fibrin patch for human 
surgery protocols. Moreover, comprehensive clinical 

and immunological examinations may be needed to 
avoid possible side effects. 
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