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Abstract
AIM: To investigate the effects of fibrin sealant on 
hemostasis and liver regeneration and intra-abdominal 
adhesions in an experimental liver injury. 

METHODS: Thirty-six Wistar rats were randomly divided 
into primary suture group (n  = 15), fibrin sealant group  
(n  = 15) and control group (n  = 6). A wedge resection 
was performed on the left lobe of the liver. In primary 
suture group, liver was sutured using polypropylene 
material, while fibrin glue was administrated on the liver 
surface in fibrin sealant group. 

RESULTS: More intra-abdominal adhesions were 
observed in the primary suture group compared to the 
fibrin sealant group on 3rd (2.50 ± 0.5 vs 0.25 ± 0.5,  
P  = 0.015), 10th (2.75 ± 0.5 vs  0.50 ± 0.6, P  = 0.06) and 
20th (1.75 ± 0.5 vs  0.70 ± 0.5, P  = 0.015) postoperative 
days. Histopathological scores were better in the fibrin 
sealant group in comparison with the primary suture 
group on 3rd (8.75 ± 0.5 vs  6.75 ± 0.5, P  = 0.006), 10th 
(7.50 ± 1.0 vs  5.5 ± 0.6, P  = 0.021) and 20th (6.40 ± 1.7 
vs  3.20 ± 1.6, P  = 0.025) postoperative days. 

CONCLUSION: Out data suggest that fibrin sealant 
is preferred over primary suture in appropriate cases 
including liver trauma since it causes less intra-abdominal 
adhesions while allowing shorter hemostasis time as 
assessed in experimental liver trauma. 
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INTRODUCTION
Liver injuries occur as a result of  blunt and penetrating 
traumas and rarely due to some iatrogenic reasons. In 
blunt abdominal traumas, liver turns out to be the organ 
that mostly gets injured, with mortality rates varying 
from 10% to 15%. Eighty percent of  the liver injuries 
are formed subsequent to penetrating wounds caused by 
fire guns or piercing, incisive tools. Acute bleedings and 
operative complications cause an increase in mortality 
and morbidity rates[1]. Fibrin glue has been used in a wide 
selection of  surgical fields, such as thorax surgery[2-4], and 
otolaryngology[5], and neurosurgery[6], and cardiovascular 
surgery[7]. Besides this, in general surgery application of  
fibrin glue has been made for treatment[8,9] of  anal fistulas 
and repair of  inguinal hernia. Fibrin sealant can be used as 
a safe and appropriate treatment technique in liver injuries. 
However, its effects on liver regeneration and development 
of  intra-abdominal adhesions yet remain unclear. In 
this experimental study, the early and late effects of  the 
reparation techniques employing primary sutures and fibrin 
glues on an experimental trauma model are evaluated. 

MATERIALS AND METHODS
The study was performed at the animal laboratory of  
Ministry of  Health Ankara Training and Research Hospital, 
after obtaining an approval from the Ethics Committee. 
For the purposes of  the study, 36 male albino Wistar rats 
were selected from ages varying between 18 to 20 wk and 
an average body weight of  160 g. Animals were fed standard 
rodent food and water. They were left hungry for 24 h 
during both the pre- and post-operative periods. Animals 
did not receive antibiotic prophylaxis. The experimental 
study was conducted under semi-sterile conditions. 

Rats were randomly divided into three groups: (1) 
Primary suture group consisting of  15 rats; (2) fibrin 
sealant group consisting of  15 rats; and (3) control group 
(which was used only for bleeding time measurements) 
consisting of  6 rats. Anesthesia was induced with 75 mg/kg  
ketamin HCl and 5 mg/kg xylazine HCl (Rompun®) 
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im. Then the abdominal wall was shaved off  all the hair 
and the skin was cleaned using Betadine® solution. The 
abdomen was then entered with a 3-cm median incision to 
resect a triangular piece with a side length of  1 cm from 
the inferior edge of  the left liver lobe (approximately 4% 
of  the overall liver weight). In the primary suture group, 
horizontal matrix sutures (6/0 polypropylene) were applied 
to repair the liver injury. In the fibrin sealant group, the liver 
surface was coated with fibrin sealant (Tissel Kit®, 2.0 mL, 
Baxter AG). The fibrin sealant kit contains proteins and 
thrombin, properly cooled and dried, as well as a CaCl2 and 
aprotinin solution. Mixing these substances results in two 
components: a covering and a thrombin solution. After the 
administration of  primary suture and fibrin sealant, both 
test groups underwent chronometric measurements to 
determine the bleeding times. Blood samples (1 mL) were 
taken from the inferior vena cava to detect AST, ALT and 
ALP values. Five rats from each of  the two test groups 
were sacrificed by administration of  ether anesthesia at high 
doses on 3rd, 10th and 20th postoperative days. Laparotomy 
was performed by an U-shaped incision curved to upwards. 
Development of  intra-abdominal adhesions was then 
assessed in animals for qualitative aspects, which were 
defined formerly as the following phases: Phase 1: Avascular, 
transparent, thin adhesion; Phase 2: Partly vascular, medium 
thick adhesion distinguishable with blunt dissection;  
Phase 3: Vascular, barely thick adhesion distinguishable with 
sharp dissection[10]. Samples were taken from the recovering 
liver region. 

Light microscopy was employed for the evaluation and 
scoring of  hepatic regeneration based on the following 
criteria: 1 = necrosis, 2 = hemorrhage, 3 = cytoplasmic 
vacuolization, 4 = multinuclear large cells, 5 = fibro-
vascular structures, 6 = inflammatory exudates. Scores 
ranging from 0 to 3 were interpreted as the following: 0 = 
absence of  any of  these parameters, 1 = slight levels, 2 = 
medium levels, and 3 = high levels attained by values for 
the same, which were processed for calculating the total 
histopathologic regeneration score[11]. Points calculated at 
high levels indicated that the regeneration had an immature 
character. Total histopathologic regeneration scores were 
calculated for each group. AST, ALT and ALP values were 
assessed as the liver enzymes indicating cellular damage. 

Mann-Whitney U and Chi-square tests were used for 
statistical analyses when appropriate. 

RESULTS
The mean bleeding times were 125.7 ± 74 s, 113 ± 78 s and  

59 ± 37 s in the control group, primary suture group 
and fibrin sealant group, respectively, indicating that 
the bleeding time was significantly shorter in the fibrin 
sealant group as compared to the control group and 
primary suture group (P = 0.001). However, no significant 
difference (P = 0.069) in bleeding time was found between 
the control group and primary suture group. Results of  the 
test groups are shown in Table 1.

In the primary suture group, tearing on the liver surface 
and bleeding were observed during the suturing procedure; 
abscess formation was noted on suture lines over the liver 
in one rat on d 3, in an another rat on d 10 and in two 
other rats on d 20 postoperatively. At the 10th and 20th 
postoperative days, wound regions could not be observed 
clearly due to intensive adhesions between the liver and the 
great omentum. 

A second administration of  fibrin sealant was required 
in two rats of  the fibrin sealant group due to the separation 
of  the wound surfaces on d 3. In this group, the sites of  
hepatic resection were proven to be indistinguishable from 
the normal parenchyma on the 20th postoperative day; 
and there was no abscess development in the any rat liver 
throughout the postoperative study period; few adhesions 
were observed between the liver and the omentum. 
Although the AST, ALT and ALP levels were found to 
be lower in fibrin sealant group on the 3rd, 10th and 20th as 
compared to the primary suture group, but the difference 
could not reach statistical significance.

Significantly more intra-abdominal adhesions were 
observed in the primary suture group compared to the 
fibrin sealant group on 3rd (P = 0.015), 10th (P = 0.006) and 
20th (P = 0.015) postoperative days. 

The mean histopathological regeneration scores 
indicated a significantly more wound immaturity in the 
primary suture group than in the fibrin sealant group on 
the 3rd (P = 0.006), 10th (P = 0.021) and 20th (P = 0.025) 
postoperative days. In the liver regeneration areas of  
necrosis and hemorrhage appeared to be less in the fibrin 
sealant group on the 3rd postoperative day (P = 0.014 
and P = 0.003, respectively) as compared to the primary 
suture group. Cytoplasmic vacuolization was found to be 
significantly higher in primary suture group on the 20th 
postoperative day (P = 0.014) as compared to the primary 
suture group. 

DISCUSSION
Deep hepatic sutures are known to prove inefficient in 
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Table 1  Findings obtained from experimental groups

Subgroup                      Primary suture                        FIbrin sealant Control
      A       B       C       A       B        C

Adhesion score 2.50 ± 0.5 2.75 ± 0.5 1.75 ± 0.5 0.25 ± 0.5 0.50 ± 0.6 0.70 ± 0.5        -
(P < 0.015) (P < 0.06) (P < 0.015)  

Histopathologic score 8.75 ± 0.5 7.50 ± 1.0 6.40 ± 1.7 6.75 ± 0.5 5.50 ± 0.6 3.20 ± 1.6        -
(P < 0.006) (P < 0.021) (P < 0.025)

Bleeding time(s) 113 ± 78 59 ± 37 125.7 ± 74
(aP < 0.001)

A: Postoperative d 3; B: Postoperative d 10; C: Postoperative d 20. a Mann-Whitney U test, according to the control group.



occurrences of  abscesses was less extensive in the fibrin 
adhesive group than the suture group[23].

Dulchavsky’s study with fibrin gel has demonstrated 
a significant improvement in adhesion formation and 
intra-abdominal abscess rate as compared with suture 
hepatorrhaphy[22]. The grade of  adhesions found between 
the liver and omentum was observed to be drastically 
lower in the fibrin sealant group, the reason of  which 
was attributed to minimal tissue damage and non-existent 
ischemia in liver parenchyma ensured with this technique[22]. 

The results obtained in this study are in compliance 
with those of  past studies showing completion of  
liver, spleen and renal regeneration on d 30 following 
f ibr in sea lant admin is t ra t ion [11]. Wound hea l ing 
appeared to be completed at a high extent based on the 
findings of  macroscopic evaluations in this group on 
d 20. The histological findings obtained also showed 
that hepatic healing was at higher rates in the fibrin 
sealant group than in the other groups. Tovar et al [11]  
investigated the effects of  fibrin sealant administration 
on hemostasis and hepatic healing after hepatectomy. 
Fibrin sealant administration technique provided a faster 
hemostasis, while the hepatic recovery in the same group 
revealed to be quicker compared to hot air coagulation and 
primary suture techniques[11]. The results of  this study are 
in agreement with those obtained in our experimental study. 
Previous studies demonstrated that plasminogen activators 
had an important additive role in liver regeneration by their 
contribution on remodelling of  the liver[24,25]. Contrary to 
the presence of  aprotinin in the fibrin sealant kit which is 
known as an plasminogen inhibitor, no negative effect on 
hepatic healing was observed. Vice versa, hepatic healing 
was more rapid than the other group. We believe that further 
studies need to be performed on this particular issue. 

Kohno et al[26] compared the efficiencies of  microcrystal 
collagen dust versus the fibrin sealant following an elective 
hepatic resection in 62 patients. They encountered bile 
leakage in two patients, and secondary hemorrhage in one 
patient in the collagen group, while no such complications 
were observed in fibrin sealant administered group[26]. 
Even though the study of  Figueras et al[27] could not justify 
the influence of  fibrin sealant, many clinical studies are 
available in the literature showing the useful effects of  
fibrin sealant in prevention of  bile leakage after hepatic 
resection[27-31].

In conclusion, fibrin sealant may be preferred over to 
primary suture in appropriate cases of  liver trauma, due 
to the shorter bleeding time, faster regeneration and lesser 
intra-abdominal adhesions by its use. However, more 
studies focusing on the clarification of  the effects of  this 
product on liver regeneration are needed to check the 
validity of  these results. 

 COMMENTS
Background
Liver injuries occur as a result of blunt and penetrating traumas and rarely due 
to some iatrogenic reasons. In blunt abdominal traumas, liver turns out to be the 
organ that mostly gets injured. Acute bleedings and operative complications cause 
an increase in rate of mortality and morbidity.

Research frontiers
Fibrin sealant can be used as a safe and appropriate treatment technique in 

stopping bleeding from the portal veins and branches of  
hepatic arteries as well as the posterior hepatic vein[12]. 
Recent studies tend to concentrate on investigating the risk 
of  formation of  intra-hepatic hematoma and abscess as 
well as the development of  areas of  necrosis dependent 
on parenchymal ischemia[12]. In the present study, the 
parenchymal suture group required a significantly longer 
duration for hemostasis (113 ± 78 s) than the fibrin sealant 
group (59 ± 37 s). We prefer using polypropylene sutures, 
a synthetic non-absorbable material known to have a more 
inert composition and pose lesser risk for infections. In 
some previous studies, it has been demonstrated that the 
thrombus generated after the administration of  fibrin 
sealant may have less potential for the occurrence of  the 
infection[13]. 

In the present study, the fibrin sealant provided shorter 
hemostasis times following the application. It was hard to 
re-find the operation area in fibrin sealant administered 
rats even on the 3rd postoperative day. In two rats, however, 
an extra fibrin sealant application was required to ensure 
the merging of  the two surfaces, yet neither of  these rats 
indicated any signs of  secondary bleeding on surfaces 
of  injured livers. Jacob et al[14] have recently reported that 
fibrin sealants are beneficial even in cases with prolonged 
hemostasis in rats with liver injuries. They demonstrated 
that fibrin impregnated collagens-enhanced survival 
compared to primary sutures, fibrin sealant was absorbed 
completely on d 28. In another study[15] performed on 
dogs, an efficient hemostasis was obtained using fibrin 
sealant in both superficial and profound injuries, no signs 
of  hematoma or secondary bleeding were encountered and 
the fibrin sealant was completely absorbed within 6 wk of  
application. Chonn et al[16] administered the fibrin sealant 
in addition to performing surgery using standard surgical 
techniques subsequent to a liver injury created by infliction 
of  an external blast effect. However, most of  subjects 
in the control group required perihepatic packing, in the 
fibrin sealant administered group none of  the subjects 
revealed a need for perihepatic packing and re-laparatomy[16]. 
Similarly, another study demonstrated that fibrin glue 
eliminated the need for packing after severe liver injuries[17]. 
Holcomb et al[18] attempted to apply the dry fibrin sealing 
dressing composed of  concentrated fibrinogen, thrombin 
and calcium on polyglyconate mesh on pigs with grade 
V experimental liver injury. They consequently reported 
that dry fibrin sealing dressing provided a simple but quick 
and efficient control over hemorrhage without change of  
efficacy with neither hypothermia nor coagulopathy[18]. 
Moreover, several experimental studies have advocated the 
effectiveness of  the novel fibrin sealant[19-21].

In this study, the highest incidence of  abscess 
formation (33%) was observed in the primary suture 
group postoperatively, while no abscess was observed 
in the fibrin sealant group. This can be explained by 
the features of  this technique which does not allow 
occurrence of  any ischemic or blind areas or hematoma 
formation, and the fibrin sealant generates a quick and 
permanent sealing on blood and lymphatic veins by 
stopping fibrin exudation. According to the Dulchavsky’s  
study, autologous fibrin gel possesses bactericidal 
properties in contaminated hepatic injuries[22]. Likewise, 
in the Taha’s exper imental s tudy, the number of  
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liver injuries. There were many clinical and experimental studies in the literature 
showing the useful effects of fibrin sealant in prevention of bile leakage and in 
shortening bleeding time after hepatic resection and liver injury. However, the 
effects on liver regeneration and development of intra-abdominal adhesions yet 
remain unclear. 

Innovations and breakthroughs
In this experimental study, more intra-abdominal adhesions were observed in 
the primary suture group compared to the fibrin sealant group. Hepatic healing 
was faster and liver abscess was not observed in the fibrin sealant group 
postoperatively. Minimal tissue damage and non-existent ischemia in liver 
parenchyma ensured with application of this technique. 

Applications
Fibrin sealant can be used clinically in appropriate cases including liver trauma or 
hepatic resection. 

Terminology
The fibrin sealant kit contains proteins and thrombin, properly cooled and dried, 
as well as a calcium chloride and aprotinin solution. Mixing these substances and 
covering the tissue surface result a thrombin solution. 

Peer review
In this experimental study, the authors revealed that fibrin sealant causes less 
intra-abdominal adhesions and faster hepatic healing while allowing shorter 
hemostasis time compared to the primary suture as assessed in experimental 
liver trauma. Therefore, fibrin sealant can be preferred over primary suture in 
appropriate cases, including liver trauma.

REFERENCES
1	 Meyer AA, Crass RA, Lim RC Jr, Jeffrey RB, Federle MP, 

Trunkey DD. Selective nonoperative management of blunt liver 
injury using computed tomography. Arch Surg 1985; 120: 550-554

2	 Muramatsu T , Ohmori K, Shimamura M, Furuichi M, 
Takeshita S, Negishi N. Staple Line Reinforcement with 
Fleece-Coated Fibrin Glue (TachoComb) After Thoracoscopic 
Bullectomy for the Treatment of Spontaneous Pneumothorax. 
Surg Today 2007; 37: 745-749

3	 Sivrikoz CM, Kaya T, Tulay CM, Ak I, Bilir A, Doner E. Effective 
approach for the treatment of bronchopleural fistula: application 
of endovascular metallic ring-shaped coil in combination with 
fibrin glue. Ann Thorac Surg 2007; 83: 2199-2201

4	 West D, Togo A, Kirk AJ. Are bronchoscopic approaches to 
post-pneumonectomy bronchopleural fistula an effective 
alternative to repeat thoracotomy? Interact Cardiovasc Thorac 
Surg 2007; 6: 547-550

5	 Wang Q, Hua Q, Wang S. Application of fibrin glue in facial 
nerve repair. Shengwu Yixue Gongchengxue Zazhi 2007; 24: 612-614

6	 Zhang T, Li Z, Gong W, Sun B, Liu S, Zhang K, Yin D, Xu P, 
Jia T. Percutaneous fibrin glue therapy for meningeal cysts of 
the sacral spine with or without aspiration of the cerebrospinal 
fluid. J Neurosurg Spine 2007; 7: 145-150

7	 Toda K , Yoshitatsu M, Izutani H, Ihara K. Surgical 
management of penetrating cardiac injuries using a fibrin glue 
sheet. Interact Cardiovasc Thorac Surg 2007; 6: 577-578

8	 Witte ME, Klaase JM, Gerritsen JJ, Kummer EW. Fibrin 
glue treatment for simple and complex anal fistulas. 
Hepatogastroenterology 2007; 54: 1071-1073

9	 Fine AP. Laparoscopic repair of inguinal hernia using Surgisis 
mesh and fibrin sealant. JSLS 2006; 10: 461-465

10	 Becker JM, Merril TD, Fazio VW, Beck DE, Stryker SJ, Wexner 
SD, Wolff BG, Roberts PL, Smith LE, Sweeney SA, Moore M. 
Prevention of postoperative abdominal adhesions by a sodium 
hyaluronate-based bioresorbable membrane: A prospective, 
randomized, double-blind multicenter study. J Am Coll Surg 
1996; 183: 297-306

11	 Tovar MC, Sanchez-Valverde MA, Agut A, Laredo FG, 
Murciano J. Comparative study of air coagulation, fibrin 
sealant, and suture in experimental liver injury. Eur J Surg 

1998; 164: 57-63
12	 Pachter HL, Liang HG, Hofstetter SR. Liver and Biliary Tract 

Trauma. In: KL Mattox, DL Feliciano, EE Moore: Trauma. 4th 
ed. New York: Graw-Hill; 2000: 633-682

13	 Jabs AD Jr, Wider TM, DeBellis J, Hugo NE. The effect of 
fibrin glue on skin grafts in infected sites. Plast Reconstr Surg 
1992; 89: 268-271

14	 Jakob H, Campbell CD, Stemberger A, Wriedt-Lubbe I, Blumel 
G, Replogle RL. Combined application of heterologous collagens 
and fibrin glue for liver injuries. J Surg Res 1984; 36: 571-577

15	 Kram HB, Nathan RC, Stafford FJ, Fleming AW, Shoemaker 
WC. Fibrin glue achieves hemostasis in patients with 
coagulation disorders. Arch Surg 1989; 124: 385-387

16	 Cohn SM, Cross JH, Ivy ME, Feinstein AJ, Samotowka MA. 
Fibrin glue terminates massive bleeding after complex hepatic 
injury. J Trauma 1998; 45: 666-672

17	 Feinstein AJ, Varela JE, Cohn SM, Compton RP, McKenney 
MG. Fibrin glue eliminates the need for packing after complex 
liver injuries. Yale J Biol Med 2001; 74: 315-321

18	 Holcomb JB, Pusateri AE, Harris RA, Reid TJ, Beall LD, Hess 
JR. Dry fibrin sealant dressings reduce blood loss, resuscitation 
volume, and improve survival in hypothermic coagulopathic 
swine with grade V liver injuries. J Trauma 1999; 47: 233-240

19	 Nur I, Lyahovetsky Y, Bar L, Schon M. Commercial fibrin 
sealants are not equivalent in a rabbit liver-resection model 
which quantitatively evaluates hemostasis and formation of 
adhesions. Eur Surg Res 2005; 37: 159-165

20	 Davidson BR, Burnett S, Javed MS, Seifalian A, Moore D, 
Doctor N. Experimental study of a novel fibrin sealant for 
achieving haemostasis following partial hepatectomy. Br J 
Surg 2000; 87: 790-795

21	 Chapman WC, Clavien PA, Fung J, Khanna A, Bonham A. 
Effective control of hepatic bleeding with a novel collagen-
based composite combined with autologous plasma: results of 
a randomized controlled trial. Arch Surg 2001; 136: 967

22	 Dulchavsky SA, Geller ER, Maurer J, Kennedy PR, Tortora 
GT, Maitra SR. Autologous fibrin gel: bactericidal properties 
in contaminated hepatic injury. J Trauma 1991; 31: 991-994; 
discussion 994-995

23	 Taha MO, De Rosa K, Fagundes DJ. The role of biological 
adhesive and suture material on rabbit hepatic injury. Acta Cir 
Bras 2006; 21: 310-314

24	 Bezerra JA, Currier AR, Melin-Aldana H, Sabla G, Bugge 
TH, Kombrinck KW, Degen JL. Plasminogen activators direct 
reorganization of the liver lobule after acute injury. Am J Pathol 
2001; 158: 921-929

25	 Bezerra JA, Bugge TH, Melin-Aldana H, Sabla G, Kombrinck 
KW, Witte DP. Plasminogen deficiency leads to impaired 
remodeling after a toxic injury to the liver. Proc Natl Acad Sci  
1999; 96: 15143-15148

26	 Kohno H, Nagasue N, Chang YC, Taniura H, Yamano A. 
Comparison of topical hemostatic agents in elective hepatic 
resection: a clinical prospective randomized trial. World J Surg  
1992; 16: 966-969

27	 Figueras J, Llado L, Miro M, Ramos E, Torras J, Fabregat J, 
Serrano T. Application of fibrin glue sealant after hepatectomy 
does not seem justified: results of a randomized study in 300 
patients. Ann Surg 2007; 245: 536-542

28	 Tanaka S, Hirohashi K, Tanaka H, Shuto T, Lee SH, Kubo S, 
Takemura S, Yamamoto T, Uenishi T, Kinoshita H. Incidence 
and management of bile leakage after hepatic resection for 
malignant hepatic tumors. J Am Coll Surg 2002; 195: 484-489

29	 Eder F, Meyer F, Nestler G, Halloul Z, Lippert H. Sealing of 
the hepatic resection area using fibrin glue reduces significant 
amount of postoperative drain fluid. World J Gastroenterol 2005; 
11: 5984-5987

30	 Hayashibe A, Sakamoto K, Shinbo M, Makimoto S, Nakamoto 
T. New method for prevention of bile leakage after hepatic 
resection. J Surg Oncol 2006; 94: 57-60

31	 Capussotti L, Ferrero A, Viganò L, Sgotto E, Muratore A, 
Polastri R. Bile leakage and liver resection: Where is the risk? 
Arch Surg 2006; 141: 690-694

                    S- Editor  Liu Y    L- Editor  Kumar M    E- Editor  Li HY

www.wjgnet.com

84        ISSN 1007-9327       CN 14-1219/R     World J Gastroenterol             January 7, 2008    Volume 14     Number 1


