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INTRODUCTION
In 1975 granulocyte colony stimulating factor (G-CSF) was 
purified from urine[1] and serum[2]. Nowadays G-CSF is in 
clinical use and is applied routinely for donor conditioning 
before stem cell transplantation due to its stem cell 
mobilizing property. It is also used to treat patients who 
suffer from infections and neutropenia[3,4] and has been 
used successfully in endotoxin induced septic conditions[5]. 
Recently G-CSF has been used in immunosuppressed 
patients, particularly transplant-recipients, suffering from 
CMV infection and severe neutropenia[6].

Several clinical studies have evaluated the safety of  
G-CSF for transplant patients with a special focus on acute 
cellular rejection[6,7]. Acute cellular rejection, however, 
is only one potential threat to the transplanted organ. 
Decreased organ perfusion can lead to impaired function 
and even graft failure[8]. Impaired perfusion can result 
from ischemia-reperfusion damage or arterial insufficiency 
secondary to thrombosis at the site of  anastomosis. 

Recently i t was shown that G-CSF can induce 
hypercoagulability in healthy bone marrow donors[9,10]. 
A prothrombotic state when a grafted organ is already 
compromised by impaired perfusion might exacerbate 
ischemia and further jeopardize the function of  the 
transplanted organ. This study was designed to establish 
whether G-CSF treatment aggravates impaired liver 
perfusion following liver transplantation in the rat model.

MATERIALS AND METHODS
Experimental design
A non-arterialized rat liver transplantation model was used 
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Abstract
AIM: Recently it has been reported that granulocyte 
co lony s t imulat ing factor  (G-CSF)  can induce 
h ype r c oagu l ab i l i t y  i n  h ea l t h y  bone  ma r r ow 
donors. It is conceivable that the induction of a 
prothrombotic state in a recipient of an organ graft 
with already impaired perfusion might cause further  
deterioration in the transplanted organ. This study 
evaluated whether G-CSF treatment worsens liver 
perfusion following liver transplantation in the rat model.

METHODS: A non-arterialized rat liver transplantation 
model was employed to evaluate the effect of G-CSF 
treatment on the liver in a syngeneic and allogeneic 
strain combination. Study outcomes included survival 
time and liver damage as investigated by liver enzymes 
and liver histology. Observation times were 1 d, 1 wk 
and 12 wk.

RESULTS: Rats treated with G-CSF had increased 
incidence and severity of biliary damage following liver 
transplantation. In these animals, hepatocellular necrosis 
was accentuated in the centrilobular region. These 
lesions are indicative of impaired perfusion in G-CSF 
treated animals.

CONCLUSION: G-CSF should be used with caution in 
recipients of liver transplantation, as treatment might 
enhance preexisting, undetected perfusion problems and 
ultimately lead to ischemia induced biliary complications.
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to evaluate the effect of  G-CSF treatment on the liver in 
a syngeneic and allogeneic strain combination. Outcomes 
included survival time and liver damage as investigated 
by liver enzymes in combination with liver histology. 
Observation time was set to 1 d, 1 wk and 12 wk.

Animals
Female Lew and ACI rats were used as donors and male 
Lewis (LEW, RT1) rats (Charles River Wiga GmbH, 
Germany), as recipients. The body weight of  male rats was 
within 250-350 g (10-14 wk old), that of  female rats were 
within 200-300 g (11-14 wk old). The animals were housed 
under standard animal care conditions and fed with rat 
chow ad libitum before and after operation. All procedures 
and housing were carried out according to the German 
Animal Welfare Legislation. 

Administration of G-CSF
Animals in the treatment group received G-CSF (Neupogen 
48TM, AMGEN GmbH, Germany) at a dose of  100 μg/kg 
daily by subcutaneous injection starting 5 d prior to the 
operation until postoperative d 21.

Surgical procedures of orthotopic liver transplantation
Orthotopic liver transplantation was performed according 
to the technique described by Kamada [11]. Inhalation 
anesthesia with Isoflurane was used during the operation. 

First step of  the surgical procedure was a transverse 
abdominal incision. The liver of  the donor was freed from 
its ligaments. The small-for-size liver graft was generated 
by 70% liver resection that included removing the left 
lateral lobe, the left medial lobe and the middle lobe. The 
weight of  the resected liver lobes as well as the graft itself  
were recorded. The liver graft was perfused through the 
portal vein with chilled Ringer’s solution. The organ was 
preserved at 4℃ for a maximum of  one hour until placed 
orthotopically in the recipient’s abdomen. The donor 
suprahepatic vena cava was anastomosed end-to-end with 
the recipient suprahepatic vena cava using a continuous 
7-0 polypropylene suture. The portal vein anastomosis 
as well as the infrahepatic vena cava anastomosis were 
performed by pulling the recipient’s vein over a cuff  which 
was secured with a circumferential 6-0 silk suture. Biliary 
continuity was restored by tying the bile duct over a stent 
(Klinika Medical GmbH, Germany). 

Postoperative management
After transplantation animals were placed into clean cages, 
and were given free access to tap water and rat chow ad 
libitum. Animals were observed daily. Body weight loss 
and general condition including activity, jaundice and 
bleeding from eyes or nose were recorded. Animals with 
deteriorating general condition indicated by a weight loss 
of  more than 30% were sacrificed and were classified as 
dying during the observation period. 

Sampling procedures
After sacrifice a full autopsy was performed. Gross 
findings were documented using a digital camera (Nikon 
Coolpix 995). Blood was obtained from the infrahepatic 

vena cava. Tissue samples (liver, bile duct) were fixed in 
4% buffered formalin. Paraffin embedding was performed 
using standard techniques (Tissue Processor TPC15, 
Medite Inc.). Paraffin sections (4 µm) were stained with 
Hematoxylin-Eosin (HE) and Elastic von Gieson (EvG). 

A l an ine am ino t r ans f e r a s e (ALT) , Aspa r t a t e 
aminotransferase (AST), Alkaline phosphatase (AP) and 
Bilirubin were measured with an Automated Chemical 
Analyzer (ADVIA 1650, Bayer AG, Germany).

Histological evaluation of grafts
Damage to the liver was assessed histologically using a 
semiquantitative scoring system (Table 1). The scoring 

Table 1  Histologic damage score of the liver after liver 
transplantation

Single cell necrosis 0: No necrotic hepatocyte in 5 HPF (40 X) 
1: 1-10 in 5 HPF
2: > 10

Confluent necrosis 0
1: Small in size and number
2: Large size and /or large number

Hepatic mitosis 0: No mitotic hepatocyte in 5 HPF (40 X)
1: 1-10 in 5 HPF
2: > 10 (extensive)

Bile duct 
inflammation damage

0: No inflammation;
1: A minority of the ducts are cuffed and 
infiltrated by inflammatory  cells
2: More than an occasional duct showing 
degenerative changes or focal degenerative 
changes; Most of the ducts infiltrated by 
inflammatory cells
3:  Most  of  the ducts  showing luminal 
disruption, most of the ducts infiltrated by 
inflammatory cells

Ductular proliferation 0: None
1: Minimal (small proliferation in a minority 
of portal tracts)
2: Mild (most portal tracts but not involving 
the lobular parenchyma)
3: Moderate (all portal tracts and extending 
along the fibrous septa)
4: Severe (extending along the portal tracts 
and also slightly involving the lobular 
parenchyma)
5: Very severe (diffuse proliferation in the 
lobular parenchyma)

Fibrosis 0: None
1: Fibrosis slightly extending portal tracts
2: Fibrosis extending portal tracts with 
incomplete septa
3: Fibrosis with complete septa bridging 
portal to portal tracts
4: Incomplete (focal) or complete cirrhosis

Activated Kupffer cells 0: No activated Kupffer cells
1: Activated Kupffer cells

Eosinophilic globuli 0: No eosinophilic globuli
1: 1%-5% of all hepatocytes
2: > 5% 

Small vacuolar
transformation of the
cytoplasm

0: No small vacuolar transformation of 
the cytoplasm 
1: 1%-30% of all the hepatocytes
2: > 30%
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system included assessment of  the portal and lobular 
inflammatory infiltrate, the extent of  hepatocellular 
necrosis and signs of  unspecific hepatocellular damage 
like a fine vacuolar transformation of  the cytoplasm 
of  hepatocytes. The number of  mitotic figures and 
of  eosinophilic globular structures in the cytoplasm 
of  hepatocytes were counted. The extent of  bile duct 
inflammation, regenerative changes of  biliary epithelial 
cells and the number of  ductules was reported.

The liver damage score was calculated as sum of  the 
scores of  all parameters, and the bile duct damage score 
was calculated as sum of  bile duct inflammation and 
ductular proliferation score.

Data analysis and statistics
Data analysis and statistical procedures were performed 
using SPSS 10.0 (SPSS Inc. USA). All graphs were 
generated using Sigmaplot 7.0 (SPSS Inc. USA).

The survival rate was depicted as Kaplan-Meier curve. 
Survival rates in different groups were tested using the log 
rank test. Biochemistry results and damage scores among 
different groups were tested using the Mann Whitney Rank 
Sum test. 

RESULTS
Normal rats
Normal rats treated with G-CSF (n = 6) for 5 d showed 
a mean leucocyte count of  22 neutrophilic cells per 
nl compared to 15 per nL without G-CSF treatment, 
indicating the biologic activity of  human G-CSF in 
rats. An isolated increase in the blood level of  alkaline 
phophatase was detected in 1 out of  6 animals. ALT, AST 

and bilirubin were within their normal range. 
Histological evaluation revealed no pathologic changes; 

especially no alteration of  the bile ducts or hepatocellular 
necrosis.

Rats after syngeneic liver transplantation
In both the G-CSF treated and untreated groups at 24 h, 
the liver macroscopically showed slight edema in the hilar 
region. Histologically a granulocytic infiltrate was found 
surrounding large hilar intrahepatic bile ducts in 50% of  
all G-CSF treated rats whereas in untreated rats hardly any 
inflammatory infiltrates in the large hilar intrahepatic bile 
ducts was detected (Figure 1). 

Alkaline phosphatase was significantly higher in the 
G-CSF group compared to the untreated group (Table 2) 
indicating a more pronounced damage to the biliary system 
in the G-CSF treated animals. 

Blood levels of  liver enzymes were significantly lower 
in the G-CSF treated group compared to the untreated 
group (ALT: G-CSF treated group: 418.67 ± 73.08 μ/L vs 
untreated group: 634 ± 195.86 μ/L, P = 0.041), indicating 
a reduced number of  damaged liver cells in G-CSF treated 
animals.

In both animal groups morphologic signs of  minor 
hepatocellular damage like small vacuoles in the cytoplasm 
and a low number of  single cell necrosis were visible. 

In the treated group hepatocellular damage was 
mainly located in the centrilobular region. In contrast this 
distribution of  hepatocytic injury was only observed in 
2/6 animals of  the untreated group. The other animals 
presented with single cell necrosis throughout the liver 

-G-CSF +G-CSF

Figure 1  Histology of rat liver after 24 h (A, B), one week (C, D) and 12 wk (E, F) 
with and without G-CSF treatment showing varying degrees of inflammation and 
bile duct proliferation. HE; A, D, F 200 x; B 300 x; C, E 100 x.
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Figure 2  Kaplan-Meier chart of rats after liver transplantation with and without 
G-CSF treatment. 

1 Significant difference between two groups (P < 0.05, t-test); 2 Significant 
difference between two groups (P < 0.001, t-test).

Table 2  Blood levels of ALT, AST and AP in rats after liver 
transplantation with and without G-CSF treatment

          24 h          1 wk         12 wk

Group Untreated G-CSF Untreated G-CSF Untreated G-CSF

ALT (u/L) 616 ± 1941 418 ± 731 192 ± 49 148 ± 81   92 ± 84   49 ± 24
AST (u/L) 344 ± 204 204 ± 48   96 ± 81   59 ± 28   35 ± 15   24 ± 13
AP (u/L) 141 ± 222 455 ± 992 453 ± 147 449 ± 418 473 ± 543 221 ± 68

24 h

1 wk

12 wk
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lobule.
In the one week group with G-CSF treatment all 

animals survived. Survival rate without G-CSF treatment 
was 90% (Figure 2). 

Upon gross examination, signs of  limited inflammation 
around the common bile duct was found in all animals. 

AST and ALT levels in both groups were elevated. 
Compared to the levels reached 24 h postoperatively, a 
decrease was observed, indicating recovery (Table 2). Two 
animals in the treatment group showed a massive increase 
in the AP-levels indicating severe damage to the bile ducts, 
whereas the other animals were within the normal range. 
In the untreated group, three out of  six animals showed a 
slight increase in the AP-levels.

Histologically signs of  damage to the biliary epithelial 
cells were visible in animals with and without G-CSF 
treatment. After G-CSF treatment rats showed a more 
pronounced proliferation of  small biliary ducts suggesting 
a bile outflow problem.

Biliary epithelial cells showed signs of  regenerative 
activation indicating repair of  cellular damage rats with 
and without G-CSF treatment. Besides mitotic figures 
the biliary epithelial cells showed an increased nuclear 
polymorphism and nuclear enlargement leading to a shift 
of  the nuclear to cytoplasmic ratio. Crowding of  the 
biliary epithelial cells was visible. Nuclei did not show 
basal orientation. Furthermore signs of  ongoing damage 
to the biliary duct were visible. In the cytoplasm of  
biliary epithelial cells vacuoles were discernible. A very 
low number of  necrotic biliary epithelial cells could be 
detected. In the vicinity of  bile ducts inflammatory cellular 
infiltrates were visible. 

Biliary outf low obstruction is known to induce 
proliferation of  biliary ducts leading to an increase in the 
number of  bile ducts in the portal tracts. Proliferation of  
bile ducts was more pronounced in animals that underwent 
G-CSF treatment (Figure 1D). In one rat, the proliferated 
bile ducts extended into the parenchyma of  the liver. In 
another animal a massive “biliary transformation” of  the 
liver was observed. The biliary duct damage score was 
slightly higher in G-CSF treated animals at week one, but 
at this time point the difference did not reach statistical 
significance (P = 0.074, Mann-Whitney test). 

Survival rate at 12 wk post operation was 88% in 
the untreated group compared to the treated group that 
showed a survival rate of  only 64% (Figure 2).

Macroscopically concrements and sludge in large bile 
ducts was found slightly more frequent in G-CSF treated 
rats (3/6 compared to 2/6). 

In the untreated group, black sludge in the bile duct 
was found in one rat. In another rat, a small yellow particle 
in the common bile duct was found, which was associated 
with a cystic dilatation of  the bile duct.

In G-CSF treated animals a small amount of  black 
sludge was found in 2 out of  6 rats. A 0.4 cm × 0.4 cm 
black stone-like particle in a dilated bile duct was found in 
another rat. Totally, macroscopically visible lesions of  the 
large extrahepatic bile duct were found in 3 out of  6 rats. 

Blood levels of  liver enzymes and AP were increased 
but comparison of  both groups did not show a statistically 
significant difference at this time point.

Microscopically the number of  proliferating small 
biliary ducts was higher in G-CSF treated animals. The 
degree of  liver cell damage was also higher in G-CSF 
treated animals. Median bile duct damage score in G-CSF 
treated animals reached statistical significance compared to 
rats without G-CSF treatment (Figure 3). 

Rats after allogeneic liver transplantation
After full size liver transplantation in the ACI to Lewis 
strain combination animals died within 9 to 14 d. No 
difference in survival time was observed between animals 
with and without G-CSF treatment. 

Animals dy ing spontaneous ly presented wi th 
morphological signs of  severe rejection, as expected in 
this strain combination. Scoring of  the histopathology 
according to the Banff-classification showed no difference 
in severity between the two groups. Portal tracts were 
wide and filled with activated lymphocytes and other 
inflammatory cells. Inflammatory cells extended into the 
parenchyma of  the liver and hepatocellular single cell 
necrosis was obvious.

In addition inflammatory cells infiltrated small bile 
ducts that showed signs of  damage and destruction. Single 
necrotic biliary cells and vacuolar transformation of  biliary 
epithelium was the characteristic feature. Regenerative 
activation of  biliary epithelial cells was detected. The 
number of  mitotic figures in biliary epithelial cells was 
increased and nuclei were not evenly arranged in the 
vicinity of  the basal membrane. In addition nuclear 
enlargement leading to a shift of  the nuclear to cytoplasmic 
ratio was recorded. In addition to ductitis, there was also 
an inflammatory infiltrate in the luminal parts of  the wall 
of  blood vessels both in the portal tract and in the central 
regions of  the lobules. This endothelitis was accompanied 
by a regenerative activation and proliferation of  endothelial 
cells and in some vessels, minute fibrin deposits were 
discernible on the luminal surface. 

In the G-CSF treated animals the number of  granu-
locytes seemed to be slightly higher near the bile ducts, 
whilst hepatocellular single cell necrosis seemed to be 
slightly more prominent in centrilobular areas compared 
to rats receiving no G-CSF treatment. Differences were 
subtle and did not allow for clear discrimination between 
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Figure 3  Median bile duct damage score at one and twelve weeks.
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the two groups. When slides were observed in a blinded 
fashion animals could not be clearly attributed to either 
group.

DISCUSSION
G-CSF is used routinely in conditioning of  donors 
before stem cell transplantations. In donors and healthy 
volunteers it has been shown that G-CSF induces a 
prothrombotic state (Table 3). In addition to the increase 
in prothrombotic factors, enhanced platelet aggregation 
was also observed, potentially mediated by the G-CSF 
receptor on platelets[12]. Therefore, it was suspected that 
G-CSF might lead to thrombotic complications in patients 
already at risk for thrombosis. Thus, careful monitoring 
was recommended for patients with additional risk factors 
for thrombosis[13].

Furthermore other pathophysiological alterations 
induced by G-CSF may impair microcirculat ion. 
Microcirculation was disturbed in G-CSF treated rats using 
a free-flap model to investigate behavior of  granulocytes 
after chemotherapy and G-CSF stimulation[14]. Leukocyte 
rolling and sticking was enhanced to a degree that impaired 
microcirculation. However, this problem became only 
visible in this free-flap model with its inherent impairment 
to microcirculation.

Ischemia-reperfusion injury causing an impairment of  
microcirculation is unavoidable in transplantations[15-17]. In 
clinical liver transplantation, impaired arterial perfusion, 
mostly due to arterial thrombosis in the hepatic artery, 
is an important cause of  graft dysfunction and even 
failure[18-20]. In the rat, rearterialization is not essential for 
the survival of  the recipient, but is considered by some 
authors to enhance liver perfusion and especially perfusion 
of  the biliary tract, resulting in a lower rate of  biliary 

complications[21,22]. For this study, a model with a high risk 
of  perfusion related problems was warranted. Therefore, 
the non-arterialized rat liver transplantation model, as 
developed by Kamada[20] was employed.

In rats, subjected to liver transplantations and additional 
perioperative G-CSF treatment, in the early postoperative 
period we observed a centrilobular accentuation of  
necrotic hepatocytes. At the same time we also observed 
an increased blood level of  alkaline phosphatase at 24 
h. Alkaline phosphatase can be an indicator of  damage 
to the biliary epithelial cells but an increase in the blood 
levels of  alkaline phosphatase after G-CSF treatment is 
also described in some patients due to the induction of  
bone metabolism[23]. Especially the pronounced increase 
after syngeneic liver transplantations in rats treated with 
G-CSF compared to non-operated G-CSF treated animals 
suggests damage to the biliary tract leading to cholangitis 
as the underlying reason. 

In the animals observed for 12 wk, an increase in 
the number and severity of  biliary complications and 
accompanying histomorphological damage was found. In 
particular, the number of  proliferating small biliary ducts, 
which is indicative of  a biliary outflow problem, was more 
prevalent in G-CSF treated rats. 

Impaired arterial perfusion of  the liver parenchyma 
leads to variable centrilobular necrosis [24]. Impaired 
arterial perfusion of  the bile duct leads to damage of  the 
biliary epithelial cells indicated by the release of  alkaline 
phosphatase. Aggressive bile seeping into the surrounding 
tissue can perpetuate the damage and attract inflammatory 
cells, causing cholangitis. Especially when larger bile 
ducts are affected, there can be a functional impairment 
of  smooth muscle cells with loss of  motility, which can 
impair bile outflow. Reduced biliary flow promotes the 
development of  biliary sludge and concrements eventually 
leading to outflow obstruction. Biliary obstruction 
induces proliferation of  small bile ducts as demonstrated 
experimentally in a rat liver ischemia model[25] and after 
bile duct ligation[26]. 

If  this combination of  morphological alterations, 
centrilobular hepatocellular necrosis and cholangitis with 
or without proliferation of  small bile duct  is present, as 
it is in our experiment, an underlying perfusion problem 
must be assumed. However, it might be difficult to achieve 
a diagnosis based on histomorphology alone since severe 
additional confounding alterations like rejection can 
be superimposed. In the allogeneic strain combination 
reject ion was par t ia l ly masking perfusion related 
morphologic alterations. Thus, a perfusion associated 
problem could only be suspected upon a detailed analysis. 

Clinical studies performed to document the safety of  
G-CSF in transplant patients did not reveal relevant side 
effects in most studies. G-CSF is known to restore the 
compromised immune system in neutropenic patients by 
increasing the number of  circulating granulocytes, thus 
it was suspected that the rejection rate might increase. 
In the published clinical trials [6,7,27] an influence on 
rejection rate or severity was not reported, which was also 
confirmed in our study. Other problems seem to be out 
of  focus in these studies. In a large clinical trial analyzing 
potential adverse effects of  G-CSF in liver transplanted 

Author n Observations after G-CSF administration 
or in patients with G-CSF producing 
tumors

Topcuoglu et al , 2004[9] 18 Stimulation of thrombotic factors and 
increased endothelial markers, such as FⅧ 
and vWF
No clinical silent microembolism detected 
by transcranial Doppler

Sohngen et al , 1998[13] 25 Hypercoaguable state
LeBlanc et al , 1999[10] 22 Increased levels of FⅧC and thrombin

Reduced platelet aggregation. 
Kuroiwa et al , 1996[12] 10 Significant increase of platelet aggregation 

induced by ADP or collagen, thromboxane 
B2 level and amount of thrombin-antithrombin 
Ⅲ complex.

Canales et al , 2002[32] 20 Significant increase in F1 + 2 and D-dimer 
Significant decrease of antithrombin and 
protein C activity 
Significant increase of vWF 
Slightly significant decrease of angiotensin 
converting enzyme 

Suzuki et al , 1992[33] 14 Thrombocytosis

Table 3  Signs of a hypercoaguable state after G-CSF treatment 
in healthy volunteers and in patients with G-CSF producing 
tumors
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patients[7] not a single case of  biliary complications was 
reported. Biliary problems are rather common after liver 
transplantations. The complete absence of  any biliary 
problem in such a large cohort of  286 patients is rather 
surprising.

GCSF-related histomorphological alterations of  the 
liver were reported in studies, where patients were exposed 
to high levels of  circulating cytokines. Suzuki[28] reported 
on a small number of  patients with endocrine tumors 
producing G-CSF as well as IL-1 and IL-8, who presented 
with liver dysfunction and fever in addition to marked 
leukocytosis. Biochemical examinations revealed high serum 
enzyme levels of  the biliary system in contrast to normal or 
slight increases in transaminase levels in all patients studied. 
Three common pathologic changes of  the liver were found: 
focal necrosis associated with neutrophil infiltration in the 
centrilobular zones[1], fibrous change and enlargement of  
the portal area associated with neutrophil infiltration[2], and 
intrahepatic cholestasis[3]. The same pathologic changes, 
except for cholestasis, were observed in the liver of  mice 
transplanted with G-CSF-producing cell lines (KHC287 or 
CHU-2)[29]. Thus the pattern of  liver lesions consisting of  
an impairment of  bile ducts and centrilobular necrosis of  
hepatocytes was similar to morphologic changes observed 
in our experiment. 

But on the other hand a beneficial effect of  G-CSF 
on the liver after extended liver resection and toxic liver 
damage has been described[30,31]. Yannaki observed an 
accelerated recovery and improved survival after liver injury 
and attributed this effect to the promotion of  endogenous 
repair programs[9], and not to stem cell transdifferentiation, 
as discussed recently. In the experiment presented here, 
the lower serum levels of  AST and ALT 24 h after liver 
transplantation could be attributed to this beneficial 
G-CSF effect. In treated rats, hepatocyte necrosis was only 
observed in the vicinity of  central veins, whereas single 
cell necrosis was distributed throughout the liver lobule 
in the untreated group, accompanied by a significantly 
higher release of  liver enzymes. This distribution pattern 
of  single cell necrosis gives rise to the speculation, that 
GCSF had a beneficial affect on hepatocytes undergoing 
ischemia reperfusion injury, but had a detrimental effect on 
perfusion leading to centrilobular necrosis of  hepatocytes 
and necrosis and vacuolization of  biliary epithelial cells.

This contradictory effect contributes to the blurring 
clinical picture, which hinders one from reaching definitive 
conclusions from these studies. Perfusion related changes are 
rather subtle, thus it is necessary to give special attention to 
this problem, which does not always happen, neither in daily 
clinical routine nor in clinical studies as mentioned before[7]. 

CONCLUSION
G-CSF should be used with caution in liver transplanted 
patients, as treatment might enhance preexisting, undetected 
perfusion problems and ultimately lead to ischemia induced 
biliary complications.
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