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Abstract

Introduction: Necrosis due to ischemia at the distal end of a flap 
is an important problem encountered during flap operations. Se-
veral procedures and drugs including delayed procedures, lee-
ches, and anticoagulants, can be used to maintain flap viability.
Methods: Sixteen rats were randomly divided into two groups of eight: 
the ticagrelor and the control groups. Rats in the ticagrelor group were ad-
ministered ticagrelor diluted with 0.3 mL of saline at a dose of 10 mg/
kg twice a day for 7 days, starting at 2 h preoperatively and 10 h pos-
toperatively, by oral gavage. Similar stress in the control group was in-
duced orally with saline solution at the same time. The results were sta-
tistically analyzed for both clinical and histopathological evaluations.
Results: During the clinical examination, the area of necrosis and the 
entire flap area were measured using transparent acetate paper (grid met-
hod). In the histopathological examination, tissue samples were taken 
from the transition zone between necrotic tissue and intact tissue in the 
flaps of rats sacrificed on the 7th day. There were significant differen-
ces in clinical evaluation. (p<0,05) The mean and SD of necrosis were 
15,65±1,84 cm2 in the control group and 8,59±3,75 cm2 in ticagrelor 
group. There were no significant differences (p>0,05) in the histopatho-
logical examinations; however, compared with the control group, fewer 
inflammatory cells and necrosis were observed in the ticagrelor group.
Conclusion: We found a statistically significant difference in clinical out-
comes with the use of ticagrelor. However, no significant differences were 
found in the histopathological observations. Our results suggest that ti-
cagrelor is effective on survival of skin flaps of rats in clinical evaluation.
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Introduction      

 Flaps are used to repair tissue defects during 
plastic and reconstructive surgeries. When a flap is 
harvested, its circulation is disrupted. Sympathetic in-
nervation is acutely lost, and neurotransmitters that ca-
use vasoconstriction are released spontaneously.1 One 
of the important problems encountered in flap opera-
tions is necrosis due to ischemia at the distal end of 
the flap. In the literature, several procedures and dru-
gs have been shown to maintain flap viability, such as 
delayed procedures, leeches, and anticoagulants.2-6
Ticagrelor is an oral P2Y12 inhibitor that selectively 
and reversibly binds adenozin diphosphate (ADP) 
receptor antagonists on the ADP receptor. It has va-
sodilator, antiplatelet, and antithrombotic effects.7,8 
However, the effect of ticagrelor on random-pat-
tern skin flaps was not investigated. Here, we desig-
ned to examine whether these features of ticagrelor 
have positive effects on the viability of random-pat-
tern skin flaps according to previous studies.9-12 

Material and Methods
 All animal experiments were approved by 
the Institutional Animal Care and Use Commit-
tee (Decision Number: 2016-9-101). Sixteen Wis-
tar albino rats, weighing 200–300 g, were used. The 
rats were randomly divided into two groups of ei-
ght: ticagrelor and control groups. The animals in 
the ticagrelor group were administered ticagrelor 
(Brilinta, AstraZeneca, UK) diluted in 0.3 ml of sa-
line at a dose of 10 mg/kg twice a day for 7 days, 
starting at 2 h preoperatively and 10 h postopera-
tively, by oral gavage. To induce similar stress in 
the animals in the first group, the same volume of 
saline was administered orally at the same time.
 The subjects were anesthetized by admi-
nistering intramuscular ketamine hydrochloride 
(Ketalar, Pfizer) and xylazine hydrochloride (Rom-
pun, Bayer). The surgical field was prepared under 
anesthesia. The rats were placed in a prone posi-
tion. A 3 × 10 cm caudal-based McFarlane flap13 
was planned and elevated from the dorsum of each 
rat. The flap was then adapted to its location using 
a running technique with a 3/0 polyglactin (Vicryl, 
Ethicon) suture not to occur a wound dehiscence.
 The results were examined by clinical evalua-
tion, including planimetric measurement and Image J 
program (USA), and histopathologic evaluation. Sta-
tistical analyses were performed using SPSS softwa-
re version 20.0 (IBM, USA). While performing the 
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data analysis, the Independent 2-group t-test (Stu-
dent’s t-test) was used for the comparison of the 
two groups, and the Mann Whitney-U test was 
used if the prerequisites were met. Categorical 
contents were analyzed with Fisher’s Exact Test 
and Chi-Square test. The rats were sacrificed on 
the 7th day and were photographed at a distance 
of 40 cm. Images were transferred to the Image 
J program. The reason which was chosen the 7th 
day that new anastomoses formed between a flap 
and a recipient site become active from the 5th-
7th day. From the 7th day, there is no increase in 
vascularization.14 It was an enough period for de-
marcation area. The area of necrosis and the en-
tire flap area were measured using a transparent 
acetate paper (grid method). Although all flaps 
were planned to be the same size, the ratio of the 
necrotic area to the flap was used as flap contrac-
tion of each rat may be different during the wound 
healing process. Thus, this ratio was used to avoid 
errors due to contraction during wound healing. 
The percentage values were calculated. (Figure 1)

 Full thickness tissue samples taken from 
the transition zone between necrotic and intact tis-
sue in the flaps of rats sacrificed on the 7th day 
were preserved under appropriate conditions. The 
transition zone was preferred because it has a ten-
dency to necrosis or healing process. Tissue samp-
les were fixed in 10% buffered formalin solution. 
They which were dehydrated by passing through 
graded alcohols were taken into xylene and kept 
until their transparency was completed. After 5 
hours of liquid paraffin infiltration in a 60°C oven 
after clearing, the tissues were embedded in hard 
paraffin blocks. The blocks were kept in the ref-
rigerator at +4°C. Before starting the cutting pro-
cess, 4 μm sections were taken from the blocks, 
which were taken to -18°C, with a microtome. Se-
ctions were stained with Hematoxylin Eosin and 

Figure 1: Clinical Evaluation of The Rats
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Mallory Azan histological stains. The sections were 
stained with Hematoxylin Eosin and Mallory Azan 
histological scales. Polymorphonuclear leukocyte 
and lymphocyte density, edema in the papillary der-
mis, extravasated erythrocytes, and edema in the re-
ticular dermis were evaluated with scores from 0 to 
4 according to their respective quantities. (Table 1)

Table 1: The Histopathologic Evaluation

Results
 Overall, 14 rats survived and were 
evaluated. The groups were evaluated 
both clinical and histopathological results.
Clinical evaluation
 The quantity of necrosis was different during 
the inspection. (Figure 2) Contraction developed in all 
flaps after 7 days postoperatively, and total flap sur-
face area at 7th day between the two groups were sta-
tistically different. (p=0,005) The percentages deter-
mined after data from planimetric measurements and 
Image J program were compared between the ticag-
relor and control groups, and it was found that in the 
ticagrelor group, flap necrosis rates were statistically 
lower than in the control group. (p=0,002) (Table 2)

Table 2: Statistical Analysis of The Clinical Eva-
luation of The Clinical Evaluation 

Histopathological evaluation
 Inflammatory cells and necrosis were obser-
ved less frequently in the ticagrelor-treated group 
than in the control group. (Figure 3) However, no 
significant differences were observed between the 
histopathological scores of the groups. (Table 3)

Table 3. Statistical Analysis of The Histopathologic 
Evaluation

Discussion
 In random pattern skin flaps, the blood supp-
ly is through the superficial plexus, and the flaps can 
be harvested using the 2:1 length:width ratio rule. 
As this ratio increases, the probability of necrosis 
also increases. When necrosis occurs, undesirable 
results, such as additional surgical interventions, 
increased hospital stay, and increased treatment 
costs, are encountered. In this context, it is clinical-
ly important to increase the viable part of the flap 

Figure 2.
a) One of The Control Group Rats at 7th Day.
b) One of The Ticagrelor Group Rats at 7th Day.

Figure 3: Polimorphonuclear Leucoyst Infiltration 
of The Control Group b) Less Intense PMNL Infilt-
ration Was Observed in The Ticagrelor Group .
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by reducing ischemia-reperfusion damage that deve-
lops in the distal part of the random pattern flaps.15,16
 As soon as the flap is harvested, vasoconstric-
tion occurs owing to adrenaline, noradrenaline, throm-
boxane A2, and prostaglandin F2α.17 Afterwards, the 
perfusion of the flap decreases with the cutting of the 
surrounding vessels, and intravascular thrombosis for-
mation increases owing to mechanical damage to the 
vascular endothelium. Platelet aggregation, intravas-
cular thrombosis, and ultimately flap necrosis may oc-
cur in vessels with endothelial damage.7,18 Therefore, 
vasodilators, antithrombotic agents, agents that prevent 
neutrophil aggregation and adhesion, anti-inflamma-
tory agents, and antioxidant agents have been used.19,20
 Ticagrelor is prescribed to reduce the risk of 
first myocardial infarction or stroke in patients with 
coronary artery disease at a high risk for these events, 
such as patients with type 2 diabetes, to reduce the rate 
of thrombotic cardiovascular events in patients with 
acute coronary syndrome, and to reduce the risk of stro-
ke in patients with acute ischemic stroke or high-risk 
transient ischemic attack.21 However, various anticoa-
gulant and antiaggregant agents have been studied to 
increase blood flow in skin flaps and prevent ischemia, 
but no previous study has examined the effect of ticag-
relor in increasing the viability of random pattern flaps.
In our study, the dose of ticagrelor was preferred 
considering the effective doses in studies on the in-
hibition of vascular smooth muscle contraction,22 
protection of the heart from reperfusion injury after 
myocard infarctus,23 and reduction of platelet activa-
tion in diabetic rats.24 However, further research can 
be conducted using variable doses and applications.
 Compared to clopidogrel, ticagrelor has fas-
ter, more potent, and more consistent effects.25 Stu-
dies have also shown that ticagrelor, which increases 
the plasma concentration of adenosine, is superior to 
clopidogrel in preventing no-reflow.26 According to li-
terature, the viability of random skin flaps in rats is 
increased by the use of clopidogrel. 6,27 In our study, 
necrotic area in the ticagrelor group was lower than 
low-molecular weigh heparin, combined therapy 
group and clopidogrel group in the study of Fatemi et 
al.27 Our results showed that ticagrelor had a similar 
effect in improving the viability of random skin flaps.

Conclusion
 We found a statistically significant diffe-
rence in clinical outcomes with the use of ticagre-
lor. However, no significant differences were found 

in the histopathological observations. A limita-
tion of this study is the fact that histopathologi-
cal examination of the transition zone is a sub-
jective. However, further research is required.
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