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ABSTRACT

Objective: This study aimed to evaluate the effect of platelet-rich fibrin (PRF) concentrate on the bile duct anastomosis healing process in rats.

Material and Methods: Thirty male Sprague Dawley (SD) rats were used for the study. The animals were allocated into three groups: Group I Control 
Group (n= 10): Anastomosis to the common bile duct (CBD) with a stent. Group II PRF Group (n= 10): Anastomosis to the CBD with a stent and cov-
ered with PRF. Group III Sham Group (n= 10): Preparation of the common bile duct, no anastomosis. The animals were followed up for 1 month, then 
sacrificed. Study parameters were adhesions around the anastomosis, thickness of the bridging bile duct tissue over the stent, and histopathologic 
examination of the bridging bile duct tissue.  

Results: CBD anastomosis using a stent caused severe adhesion around the anastomosis, bridging bile duct tissues were weak and histopathologically, 
healing was incomplete in most of the control animals. However, PRF application significantly reduced the adhesions, increased the quality of the bridging 
bile duct tissues, and caused complete healing histologically. 

Conclusion: PRF is an autologous, easily prepared membrane. The present study findings show that PRF prevents local complications and increases the 
healing capacity of the bile duct after CBD anastomosis. Therefore, it might be a new treatment option for preventing complications following common 
bile duct anastomosis in liver transplantation patients.
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INTRODUCTION

The bile duct and the vascular endothelium are vulnerable to the damaging effects 

of ischemic, immunologic, and preservation injuries. The regenerative capacity of 

the biliary tract is also poor and is often compromised further due to ischemic in-

jury (1). Therefore, independent from surgical techniques, biliary complications fol-

lowing hepatobiliary operations and liver transplantation are common and remain 

a major source of morbidity. Biliary leaks and strictures are the most common com-

plications after liver transplantation, with an incidence of 5%-32% (2).  The effective 

management of biliary complications is difficult and always requires additional 

medical or surgical treatments. Unfortunately, even with advanced interventional 

or surgical treatments, treatment results are not satisfactory (3). 

Platelet-rich fibrin (PRF) is a second-generation platelet concentrate which was first 

developed by Choukroun et al. (4-5). PRF is a fibrin matrix in which platelets are 

trapped massively and may be released after a certain time and could serve as an au-

tologous membrane. Fibrin and platelets play crucial roles during the gastrointestinal 

wound healing process. The formation of fibrin seal on the outer part of the bowel 

is essential for the early integrity of the anastomosis (6). The fibrin matrix covers the 

injured tissue and affects the metabolism of inflammatory cells. Fibrin also plays a 

role as the natural guide of angiogenesis (5). Platelets are anucleate cytoplasmic frag-

ments and contain many granules in which a large amount of growth factors as well 

as inflammatory and healing cytokines exist. Platelet growth factors are a well-known 

source of healing, and they also have synergetic effects on healing processes (7). 

PRF has some advantages over other platelets concentrates, such as easy and quick 

preparation without any complex manipulations or additives, and prolonged action.  

These technical advantages and unique structures of PRF have led to the hypothesis 

that using PRF could accelerate the healing of common bile duct anastomosis. 
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The authors believe that the prevention of biliary tract com-

plications is more important than treatment. Promoting the 

healing process and increasing the regenerative capacity of the 

biliary system might play an important role in preventing bili-

ary complications following hepatobiliary operations and liver 

transplantation. PRF has been used to accelerate the healing of 

skin autografts, oral and maxillofacial tissue and hand wounds 

with encouraging results for many years (8-12). In this study, it 

was aimed to investigate the effects of platelet-rich fibrin on the 

bile duct healing process in rats.  

MATERIAL and METHODS

Animals

This study was approved by Başkent University Ethical Commit-

tee for Experimental Research on Animals (project no: DA16/08).  

Thirty male outbred Sprague Dawley (SD) rats weighing 250-300 

grams were purchased from the experimental animals breeding 

center at Başkent University in Ankara, Turkey. The animals were 

housed in the Başkent University Experimental Research Center 

(Ankara, Turkey) in accordance with the guidelines established 

by the Turkish Government. Food and water were not restricted 

from the animals. The rats were anesthetized with an intraper-

itoneal injection of ketamine (50 mg/kg) and xylazine (10 mg/

kg). The abdomen was cleansed with povidone iodine, and  lap-

arotomy was performed via a midline incision. The study groups 

were designed as follows:

Group I (n= 10): Anastomosis with stent (Control); Laparotomy, 

transection of the common bile duct, end-to-end anastomosis 

with silicon stent, followed-up 1 month, sacrificed.

Group II (n= 10): Anastomosis with stent and PRF; Laparotomy, 

transection of common bile duct, end-to-end anastomosis with 

silicon stent, placement of the PRF membrane around the stent, 

followed-up 1 month, sacrificed.

Group III (n= 10): Sham group; Laparotomy, preparation of the 

common bile duct, followed-up 1 month, sacrificed.

Preparation of the PRF

The PRF was prepared as previously described by Dohan at al. 

(4). Briefly, one ml of blood samples was obtained before the 

surgical procedures from each animal by cardiac puncture, and 

poured into a glass centrifuge tube without anticoagulant. The 

tubes were then immediately centrifuged at 3,000 revolutions 

per minute (rpm) for 10 minutes in a centrifuge machine (Nüve 

NF 415). Three centrifugation strata were obtained: a fibrin clot 

(PRF) in the middle of the tube, between the red corpuscles at 

the bottom and the acellular plasma at the top. The platelets 

were trapped in large numbers in the fibrin meshes. The upper 

straw-colored layer was removed and the middle fraction was 

collected. A resistant autologous fibrin membrane was then ob-

tained by driving out the serum from the clot.

Surgical Model

An operating microscope (Carl Zeiss OPMI 9-FC, Germany) was 

used for the surgical model. A laparotomy was performed via 

a midline incision. The hepatic hilum was dissected to free the 

common bile duct (CBD). Then, the CBD was transected at the 

middle. The CBD was reconstructed by duct–to-duct anasto-

mosis with a stent: the stent was inserted into both ends of the 

bile duct and was secured with a 7/0 Prolene purse-string su-

ture. The distance between the two sutures was 10 mm. This 

bare stent area was left between the two sutures to observe 

migration of the bile duct tissue. The PRF membrane covered 

the stent and the two ends of the PRF were attached to each 

other with a 7/0 Prolene suture to prevent sliding of the PRF in 

the treatment group (Figure 1).  The hepatic hilar was dissected 

to free the CBD in the sham group of animals. The animals were 

followed-up daily for 1 month, then sacrificed.

Study Parameters

Gross findings at necropsy

The anastomotic area of the CBD was quantitatively evaluated 

by an experienced surgeon in a blinded manner during nec-

ropsy. Firstly, adhesions around the CBD anastomosis were 

evaluated. Anastomotic adhesions were graded from 0-to-III, 

as modified from Nair et al. (13): Grade 0: No adhesion; Grade 

I (mild adhesion): A single organ, omentum, duodenum or liv-

er, adherent to the anastomosis; Grade II (moderate adhesion): 

Two organs adherent to the anastomosis; Grade III (severe ad-

hesion):  More than two organs adherent to the anastomosis. 

Secondly, the bridging bile duct tissue over the silicon cathe-

ter was qualitatively evaluated and graded as follows: Grade 0: 

Catheter completely visible and there is no bridging bile duct 

tissue; Grade I: Catheter partially visible and there is partial bile 

duct tissue over the catheter; Grade II: Catheter is not visible, 

Figure 1. Common bile duct reconstruction by duct–to-duct anasto-

mosis with a stent and application of the PRF membrane. After the PRF 

membrane covered the stent, the two ends of the PRF were attached 

to each other with a suture to prevent sliding of.
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complete but thin bridging bile duct tissue exists; Grade III: 

Catheter is not visible and is covered with thick and strong bile 

duct bridging tissue. The scores from each of the groups were 

then totaled and averaged to give a median macroscopic score 

for each group. Stenosis and/or dehiscence of the anastomosis 

and CBD dilatation were also recorded during necropsy. 

Histopathology

Full-thickness sections of the CBD anastomosis were obtained at 

necropsy, fixed in 10% buffered formalin, embedded in paraffin, 

cut into 4-to-5 µm-thick sections and stained with hematoxylin 

and eosin. Sections were also stained with Masson’s trichrome for 

the assessment of collagen deposition. A pathologist examined 

the tissue sections under light microscopy in a double-blinded 

fashion. Epithelization, cellular infiltration, collagen deposition 

and neovascularization were graded from 0-2 (0= absent, 1= mild 

to moderate, 2= marked) as modified from Greenhalgh et al. (14). 

Statistical Analysis 

The results are expressed as mean ± standard deviation (SD).  

Differences between the groups were analyzed by the Krus-

kal-Wallis test, followed by the Mann-Whitney U test.  Proba-

bility values p< 0.05 were considered significant. The SPSS 17.0 

(SPSS Ver. 17.0, Chicago IL, USA) program was used for analysis.

RESULTS

Surgery was successful in all of the cases. Cardiac puncture for 

obtaining blood samples did not cause any problem in animals. 

Animals were followed up daily for a month according to their 

general condition, and none of the animals experienced any 

problems during the study period. All animals reached the end 

point of the study in a healthy status. 

Gross Findings at Necropsy

There was neither bile leakage nor stent obstruction in the 

study groups. Only four animals in Group I (control group) had 

proximal common bile duct dilatation although the lumen of 

the stents were open.

Intraabdominal Adhesion

The adhesion scores of the groups are shown in Table 1. Ani-

mals in the control group (Group I) showed mild to severe ad-

hesion around the CBD stent; three animals had mild adhesion 

in which the liver was adherent to anastomotic region. Five ani-

mals had moderate adhesion in which the liver and duodenum 

were adherent, and two animals had severe adhesion in which 

the liver, duodenum and omentum were adherent to the anas-

tomotic region. Mean adhesion score of the animals in Group I 

was 1.9 ± 0.7. Gross findings during necropsy following 1 month 

after the operations revealed that all intra-abdominal organs 

were normal in Group II animals. PRF application dramatically 

reduced the adhesions around the anastomosis region; seven 

of the ten animals in this group had no adhesion and three an-

imals had mild adhesion around the CBD stent. The adhesion 

score of Group II was statistically different to Group I (p< 0.001). 

The animals in Group III (sham group) largely showed no adhe-

sion or very limited adhesion around the CBD; four animals had 

no adhesion, four animals had mild adhesion in which the liver 

was adherent to the CBD, and only two animals in this group 

had moderate adhesion in which the liver and duodenum ad-

herent to the CBD. The adhesion scores of the PRF group and 

the sham group were not statistically different (p= 0.422).

Bridging Bile Duct Tissue

Evaluation of the bridging tissue over the plastic stent revealed 

that only three of the ten animals in Group I developed ful-

ly covered tissue. Five animals had very thin bridging tissue 

around the plastic stent, and in two animals, the plastic stents 

were visible, which meant that there was very weak healing in 

these two animals. The bridging bile duct tissue scores of the 

groups are shown in Table 2.

Table 1. Adhesion scores of the groups (0-to-3)

Group n Mean ± SD Median Min-Max

I (Control) 10 1.9 ± 0.7 2 1-3

II (PRF) 10 0.3 ± 0.5* 0 0-1

III (Sham) 10 0.6 ± 0.7 0.5 0-2

*Group II was significantly statistically different when compared with Group I (< 0.001). There were no statistical differences between Group II and Group III (p= 0.422).

Table 2. Bridging bile duct tissue scores of the groups (0-to-3)

Group n Mean ± SD Median Min-Max

I (Control) 10 1.9 ± 0.5 2 1-2.5

II (PRF) 10 2.8 ± 0.3* 3 2-3

III (Sham) 10 N/A N/A N/A

*Group II was significantly statistically different when compared with Group I (p= 0.002).
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Most of the animals in Group II developed very thick and dense 

bridging tissue around the CBD stent; eight of the ten animals 

had complete and thick coverage of the stent, whereas the oth-

er two had complete but relatively thin coverage of the stent. 

The difference between the PRF and control groups for bridg-

ing tissue was statistically different (p= 0.002).

Histopathologic Evaluation

Histopathologic examination of the bridging tissue showed in-

complete healing of the animals in the control group (Group I); 

the mucosa was a single layer of tall columnar epithelium and 

the pili and crypt structures were not fully developed (Figure 

2a).  In the lamina propria, congested vessels and mixed type 

inflammatory cells infiltrated with polymorphonuclear leuko-

cytes were observed. Cellular infiltration and neovascularization 

were graded mild to moderate in this group of animals. Most 

of the control group animals also had weak granulation tissue 

and collagen deposition. Thin discrete collagen fibers are seen 

in Figure 2b with Masson’s trichrome staining. Mean histologic 

score of the control group was 4.9 ± 0.8 (total of 8).

The animals in the PRF group (Group II); however, had almost 

complete healing one month after the operation. The PRF 

membranes were not visible and were completely dissolved 

from the serosal surface of the anastomoses in the PRF treat-

ment group.  The mucosa was lined by a single layer of tall 

columnar epithelium, and the epithelialization, pili and crypt 

structures were precisely developed. Dense mixed inflammato-

ry cell infiltrated with polymorphonuclear leukocytes, congest-

ed and proliferated vessels were observed in the lamina propria 

(Figure 2c). Similarly, in the macroscopic observations, most of 

the animals showed very thick granulation tissue in their bridg-

ing tissue. Almost all animals in this group had marked epithe-

lization, cellular infiltration, neovascularization and collagen 

deposition. Multiple thick collagen bundles can be seen in Fig-

ure 2d with Masson’s trichrome staining. The histologic score of 

the PRF group was significantly higher than the control group 

(p= 0.002).

The sham group of animals had no CBD anastomosis, and there-

fore there was no healing process in this group. Histopathologic 

examination of this group showed normal histologic appear-

ance of the CBD. The mean histologic score of the sham group 

of animals was 4.3 ± 0.6. The histopathologic scores of the 

groups are shown in Table 3.

DISCUSSION

PRF is a second-generation autologous platelet concentrate 

with simplified processing without biochemical blood han-

dling. Use of bovine thrombin and anticoagulants is not re-

quired during the preparation. It has significant capacity to sup-

port cell migrations and healing processes, and therefore, it has 

been described as a completely usable healing concentrate by 

Dohan et al. (7). It is well known that platelets play a prominent 

role in wound healing (1). PRF is a rich source of platelets con-

taining endogenous growth factors, cytokines and several other 

wound-healing stimulating factors  (15-18). Platelets release cy-

tokines and growth factors during clot formation at the wound 

site. Platelet activation in response to tissue damage results in 

the secretion of biologically active proteins from the α-gran-

ules. These include platelet-derived growth factor (PDGF), 

transforming growth factor β-1 (TGF β-1),  interleukin (IL)-1, 

vascular endothelial growth factor (VEGF), platelet-derived an-

giogenesis factor (PDAF), epidermal growth factor (EGF), insu-

lin-like growth factor (IGF), epithelial cell growth factor (ECGF), 

osteonectin, osteocalcin, fibrinogen, vitronectin, fibronectin, 

and thromboplastin (7). These secretory proteins simultaneous-

ly support angiogenesis, immunity, and epithelial cover during 

healing. Fibrin matrix of PRF also plays an important role during 

the healing process. Fibrin is the natural guide for angiogene-

sis, and it also stimulates the metabolism of epithelial cells and 

fibroblasts (5). Thus, with all these mechanisms, PRF accelerates 

healing, increases the development of microvascularization and 

also guides epithelial cell migration to the stent surface (19). 

The improvement of healing by the placement of autologous 

PRF concentrate at the site of tissue injury is supported by 

previous studies. There are studies that provide evidence that 

the use of PRF has some beneficial effects in certain types of 

wounds and causes an increase in hard- and soft-tissue wound 

healing; For example, Visser et al. (20) have used PRF to enhance 

the healing process in the patellar tendons of dogs and found 

that PRF increases the amount of tissue reconstruction. Inch-

ingolo et al. (21) have used PRF in sinus lift procedures and 

demonstrated a significant increase in peri-implant bone densi-

ty and implant stability. 

PRF has been mainly used for many years by dentists for oral 

and maxillofacial surgery and plastic surgeons for facial plastic 

procedures and skin autografts with promising results (8,22-24). 

Table 3. Histologic scores of the groups (0-to-8)

Group n Mean ± SD Median Min-Max

I (Control) 10 4.9 ± 0.8 5 4-6

II (PRF) 10 6.7 ± 0.8* 6.5 6-8

III (Sham) 10 4.3 ± 0.6 4 3-5

*Group II was significantly statistically different when compared with Group I (p= 0.002).
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However, there is no clinical data about intra-abdominal usage 

of PRF in the literature. One of the reasons for that might be 

due to concerns about its fibrin content, which may cause ad-

hesion when used intra abdominally. However, a recently pub-

lished experimental study demonstrated that intra-abdominal 

usage of PRF is very safe and does not cause any adhesion in 

the abdominal cavity (25). Moreover, PRF reduces the adhesion 

and accelerates the intestinal anastomosis wound healing. This 

result supports our observation in this study as one of the main 

findings in our study was decreased adhesion around the CBD 

anastomosis site when PRF was applied.  There was a significant 

difference between the PRF and control group adhesion scores 

in our study. Most of the animals in the PRF group had an almost 

complete lack of adhesion, whereas most of the control animals 

had severe adhesion. Manipulation of the CBD, suture materials, 

and silicon catheter cause adhesion around the anastomosis. 

However, PRF application efficiently prevents this effect, possi-

bly because it is an autologous and degradable material.

One of the other main findings of the present study was the 

increased regenerative capacity of the biliary tract when PRF 

was applied. Macroscopic observations revealed that the appli-

cation of PRF significantly increased bridging tissue thickening 

Figure 2. a. The junction of the common bile duct and the bridging tissue in the control group. A single layer of columnar epithelium is seen in the 

biliary mucosa, while pili and crypt development are not evident at the bridging tissue site (Hematox). b. Thin discrete collagen fibers of a control 

group animal (Masson’s trichrome, X20). c. The bridging tissue histological view of the experimental (PRF) group. A single layer of biliary epithelium 

with fully developed pili and crypt formation is seen, while the lamina propia has dense mixed inflammatory infiltrate (Hematoxylin) d. Thick collagen 

bundles of a PRF group animal (Masson’s trichrome, X20).

A B

C D
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over the plastic stent. There was complete and thick bridging 

tissue coverage around the anastomosis in most of the animals. 

This observation was supported by histopathological examina-

tions: histologically, these bridging tissues had almost the same 

structure as the bile duct; dense collagen deposition and bile 

duct gland proliferation were observed in the anastomosis one 

month after operation. There were tall, uniform columnar cells 

in the epithelium with mucosal longitudinal folds. The sub-ep-

ithelial regions were also very similar to CBD and had dense, 

hypocellular connective tissue with few lymphocytes. It is well 

known that the biliary tissue can migrate along the surface of 

synthetic materials (26). Our findings indicate that PRF applica-

tion increases tissue migration and proliferation of the cells. The 

mechanism of this effect might be mechanical rather than pro-

moting wound healing. However, regardless of the mechanism, 

PRF has a beneficial effect on the bile duct healing process. 

The main advantages of PRF over other platelet concentrates 

are that it is not necessary to add bovine thrombin or other an-

ti-coagulants, thus it is completely safe, easy to use and requires 

standard preparation and handling by clinicians. The only dis-

advantage of PRF might be the amount of material required. It 

is not suitable for large surfaces, such as the abdominal cavity, 

since only a small amount of PRF could be obtained from the 

limited volume blood sample. However, CBD anastomosis or 

any type of biliary-enteric anastomosis sites are small areas and 

PRF concentrates are sufficient to cover these areas. 

PRF preparation is very simple and does not require anticoag-

ulant or bovine thrombin. Around 5 ml of whole venous blood 

collects in each of the two sterile vacutainer tubes of 6 ml ca-

pacity without anticoagulant. The tubes should then be placed 

in a centrifugal machine as quickly as possible. Blood collection 

and transfer to the centrifuge must be completed within min-

utes, because without the anticoagulant, the blood sample will 

begin to coagulate almost immediately on contact with the 

glass tube. Quick handling is the only way to obtain a clinical-

ly usable PRF clot.  The tubes centrifugate at 3.000 rpm for 10 

minutes, after which it settles into the following layers: the red 

lower fraction contains red blood cells, the upper straw-colored 

cellular plasma and the middle fraction contains the fibrin clot. 

The upper and lower layers are removed and the middle frac-

tion can be collected, which is the PRF. The PRF membrane is 

then cleaned using physiological saline to remove blood clots 

and after that, it is ready for use. In this technique, fibrinogen 

combines with the circulating thrombin due to centrifugation 

to form fibrin. Thus, the use of anticoagulant and the addition 

of bovine thrombin to promote conversion of fibrinogen to fi-

brin is avoided. This preparation could be performed in the op-

erating theatre during the operations and the PRF membrane 

could be applied immediately after preparation onto the CBD 

anastomosis sites. 

One of the main problems in hepatobiliary surgery and liver 

transplantation is biliary complications (27-30). Biliary leaks and 

strictures are still very common and cause major morbidity and 

mortality after these operations. Refined surgical methods have 

decreased the bile duct anastomosis complications; howev-

er, they are not eradicated. Since the bile duct is a vulnerable 

organ, it is very sensitive to ischemic injury and also has low 

regenerative capacity. Therefore, regardless of the surgical tech-

nique, the possibility of bile duct anastomosis problems will al-

ways exist for surgeons. Accelerating healing and increasing the 

regenerative capacity of the bile duct might be solutions to pre-

vent these complications. This study evaluated the effect of PRF 

on the bile duct healing process with some macroscopic and 

microscopic parameters. According to our findings, it could be 

said that PRF has some beneficial effects on the bile duct heal-

ing process.  There is no data available in the literature regard-

ing PRF application on bile duct anastomosis healing process. 

Therefore, the results of this original study may help surgeons 

to prevent bile duct complications. However, the mechanism 

of these effects and biochemical changes such as liver function 

tests or cytokines levels have not been studied. These represent 

the main limitations of the present study. Further studies are 

necessary to answer these questions.  

CONCLUSION

PRF is a safe, autologous and degradable material which con-

tains high amounts of platelets and fibrin. Preparation is very 

simple and only requires a 10 ml venous blood sample from the 

patient as well as a centrifuge machine. Preparation of the PRF 

only takes a few minutes and could easily be done in the theat-

re during the operation. The present study results indicate that 

PRF application reduced the adhesion around the anastomosis 

and increased the healing. Therefore, it could be said that PRF 

is an alternative solution to prevent complications following 

common bile duct anastomosis in liver transplantation patients.      
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Trombositten zengin fibrin sıçanlarda safra yolu anastomoz yara iyileşmesini 
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ÖZET

Giriş ve Amaç: Trombositten zengin fibrin (PRF) konsantresinin sıçanlarda ana safra yolu anastomoz yara iyileşmesi üzerine etkisinin araştırılması 
amaçlanmıştır. 

Gereç ve Yöntem: Çalışma için otuz adet Spraque-Dawley cinsi erkek sıçan kullanıldı. Çalışma grupları şu şekilde dizayn edildi: Grup I, Kontrol 
grup (n= 10): Plastik stent üzerinden ana safra yolu (ASY)’ na anastomoz. Grup II, PRF Grubu (n= 10): Plastik stent üzerinde ASY’ye anastomoz ve 
PRF ile anastomoz bölgesinin kaplanması. Grup III, Sham grubu (n= 10): ASY orta kısmının preparasyonu, anastomoz yapılmadı. İşlem sonrası 
hayvanlar 1 ay takip edildi ve çalışma sonlandırıldı. Çalışma parametreleri; anastomoz bölgesindeki yapışıklıklar, stent üzerindeki köprü dokunun 
kalınlığı ve bu dokunun histopatolojik incelenmesi ile yara iyileşmesinin durumu değerlendirildi.

Bulgular: Kontrol grubundaki hayvanların çoğunluğunda anastomoz bölgesinde yoğun yapışıklık saptandı. Ayrıca bu hayvanların stent üzerin-
deki köprü dokuları ince görünümlü idi ve histolojik olarak da bu bölgede tam yara iyileşmesi olmadığı görüldü. Buna karşın PRF uygulanan hay-
vanların çoğunluğunda anastomoz bölgesinde hiç yapışıklık yoktu, stent üzeri oldukça kalın bir köprü doku ile kaplıydı ve bu bölgenin histolojik 
incelenmesinde tam yara iyileşmesi olduğu görüldü.

Sonuç: Bu çalışmamızda PRF uygulamasının ana safra yolu anastomozlarında yapışıklık gibi lokal komplikasyonları önlediği ve aynı zamanda 
yara iyileşmesini de artırdığı saptandı. Bu nedenle PRF uygulaması, ana safra yolu cerrahi işlemleri gerektiren karaciğer nakli veya diğer bu bölge 
ameliyatlarından sonra görülen komplikasyonların önlenmesi amacıyla kullanılabilir.
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