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ARTICLEINO ABSTRACT 
  Background: Edema and congestion are drawbacks in Arterialized venous free 

flap (AVF) that leads to flap necrosis. Ischemic preconditioning (IPC) is procedure 
of alternate episodes of occlusion and non-occlusion in the feeding vasculature to 
promote protection against flap necrosis caused by ischemia-reperfusion.  
Objective: To determine the efficacy of IPC in AVF. 
Method: In this experimental study, 24 male Wistar rats were divided into 3 groups: 
standard AVF (PS), AVF with 5-minutes IPC (Ex-1), AVF with 10-minutes IPC (Ex-
2). 3x3 cm skin flap created in left abdomen and arteriovenous anastomosis at 
epigastric vasculature.  Clinical condition was examined to determine the extent of 
congestion and necrotic area. Mean comparison test was used to analyze the data. 
Using p<0.05, the results' significance was evaluated.  
Results: 20 flaps were vital. As congestion, the Ex-1 group had a lower mean value 
(day 14th = 4.51 ± 6.799; day 21st = 0.00). In the study of the congested area from the 
immediate to the 21st day postoperatively, all groups had significant results with 
p<0.05. However, in the PS group, necrotic tissue was obtained with a mean end 
(day 14th = 4.34 ± 9.147; day 21st = 0.00), and no necrotic areas were found in the 
SHAM, Ex-1, and Ex-2 groups. In contrast, the area of necrotic tissue immediately 
up to the day 21st postoperatively did not show any significant results with p>0.05.  
Conclusion: Direct IPC is safe in creating AVF. It has effect on reducing congestion 
and necrotic areas.   
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INTRODUCTION 

 
Arterialized venous free flap (AVF) is one of method in composite tissue transfer that use subcutaneous 
network as blood inflow and outflow. One of vein will be anastomosed with recipient artery to perfuse the 
transplanted flap. Its advantages are vast area of donor, thin, pliable, easy to dissect and not sacrifice any 
source of artery(1,2). Nakayama introduced this non-conventional flap in 1980(3). The survival course of this 
flap characterized with its bluish, congestion, resolvable edema and changed of inflow vein to artery 
(arterialization).  The arterialization in flow through venous flap was considered in increasing of edema and 
discoloration(2).  Hyperemic venula and skin edema in AVF will reduce after 1 week post anastomosis, but in 
some cases will continue until 6 weeks. Baytinger et al also experienced edema in pedicled AVF in rats(3,4). 
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After anastomosis, flap will look pale then congestion in early days post anastomosis(5,6).  Sudden increase of 
arteriovenous shunt will cause active congestion(7,8) However, physiology of microcirculatory and mechanism 
of perfusion of this flap is still poorly understood. 
Thrombosis and tissue necrosis are the risks of autologous tissue transplant. Tissue will experience ischemia 
condition when its supply was cut from its origin. After anastomosis, blood flow will restore and tissue come 
into reperfusion condition. This ischemia reperfusion injury (IRI) in free flap will trigger inflammatory 
response, reactive oxygen species and anaerobic metabolism thus flap will experience disruption of 
microcirculation (1). This event resulting in metabolic disfunction, endothelial disfunction and cellular 
apoptosis. Prolonged of IRI intraoperatively will result in “no-flow-phenomenon” and total flap necrosis(1,9).  
Kwok et al concluded that prolonged operation is the ultimate predictor in flap failure(10). 
Flap conditioning is one of effort to increase flap survival by endothelial stimulation of hypoxia thus induce 
angiogenesis  Ischemic Preconditioning is an alternate short cycle that consist of occlusion to create ischemia 
followed by releasing vasculature to reperfuse tissue(11). The other method is remote IPC (R-IPC) that works 
on the same cycle in the tissue that far from designated tissue(12) . Murray et al worked this IPC cycle in 
circumflex coronary artery with 4 cycle of 5 minutes occlusion/non-occlusion period. It decreased incidence of 
infarct myocardia for 75%(13). Numerous publications have been confirmed this successful method in flap 
surgery by in-vivo experiment. However, some controversy regarding direct IPC may produce stress to target 
organ and vessel trauma(14). 
The objective of this study is to create a model of direct conditioning and elaborate different timing of Ischemic 
Preconditioning on survival of Arterialized Venous Flaps in the event of congestion and necrosis that become 
a drawback in this type of flaps. 
 

MATERIALS AND METHODS 
 
Animals 
Male wistar rat (n=24) (300-350 g) obtained from Biofarma Laboratory were used in this experiment. All 
animal were acclimatized within 2 weeks in stress free laboratory. 
All experiment was conducted in Postgraduate Small Animal Laboratory Universitas Padjadjaran. 
 
Experimental Design 
Rats were randomly divided into 3 groups after acclimatization. During flap raised, anastomosis and 
observation, all animal was anesthetized using 95mg/kg ketamine hydrochloride and 12mg/kg xylazin with 
intraperitoneal injection in right abdominal. Abdominal area was shaved before anastomosis and during each 
observation. Aseptic and antiseptic technique was performed prior flap elevation. Antibiotic ointment was 
applied on each observation to minimized the scratch of the rats. 
Experimental treatments: Positive control group (PS) was created standard 3x3 cm of skin and subcutaneous 
flap, then performed end to end anastomosis of epigastric artery to epigastric vein by using 3-point stitch of 
10-0 nylon (standard AVF). IPC is creating by choking epigastric artery and vein before anastomosis with vessel 
loop for certain minutes. Experiment group one (EX1) received 3-cycle of 5-minute IPC and experiment group 
two (EX2) received 3-cycle of 10 minute IPC.  Flap then stitched back using nylon 5.0. 
 

 
Figure 1. (Left) Dissection and anastomosis using industrial digital microscope, (Middle) dissection of 

epigastric vein and (Right) position of our AVF after elevation 
 
Due to shortage of fund, we used single lens with 300x magnification industrial digital microscope that 
captured by 38 MP KUAIQU YZ-3860 that we bought in online platform (AliExpress). The device then 
connected to laptop with application S-eye that enable us to differentiate artery, vein, pulsation and assessment 
of anastomosis patency. All anastomosis was done by one microsurgeon. 
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Data collection and observation 
Data were collected immediate post operation, day 1 until 7, day 14 and day 21. Flap was clinically observe 
using loupe to assess area of bluish, capillary refill, edema and necrosis. Using plastic transparent scale, flap 
margin, area of necrosis and area of congestion was draw with fine tip permanent marker (snowman OPF). 
model was placed above white background and captured 15 cm perpendicular from the sheet using Xiaomi 
main camera 13MP, auto mode with blitz. Photo was analyzed for area of congestion and necrotic using ImageJ 
then compare to surface area of flap I percentage. All clinically vital flap will be dissected and observed under 
microscope for pulsation distal from site of anastomosis in day 21 after that rats were terminated. All sick or 
dead animal was dropped from research. 
 
Statistical analysis 
Numeric data were analyzed using SPSS ver.  24 for windows using mean comparison among multiple groups. 
Statistical significance was considered at p<0.05 
 

RESULTS 
 
From the total of 24 rats, 2 rats in EX1 and 2 rats in EX2 were died after anesthesia injection. 
All 20 flaps were clinically vital (n=20, 100%) and all of them has visible pulse (n=20, 100%). Demographic 
data was shown in table 1. There were some flaps that experienced partial necrosis (3/20), but no total flap 
loss. All flaps experienced congestion, that will be discussed further.  
 

Table 1. Summary of flaps in this experiment 
Group Vital Pulse Total Necrosis Partial Necrosis Edema Congestion 
PS (n=8) 8 (100%) 8 (100%) 0 (0%) 3 (37,5%) 8 (100%) 8 (100%) 
EX1 (n=6) 6 (100%) 6 (100%) 0 (0%) 0 (0%) 6 (100%) 6 (100%) 
EX2 (n=6) 6 (100%) 6 (100%) 0 (0%) 0 (0%) 6 (100%) 6 (100%) 

 
Flap necrosis 
Upon assessment of the necrotic area percentages, we found in standard AVF group, 3 flaps experienced partial 
necrosis. Necrosis was visible along the increasing of edema theory, which in day 4 to 6 then start declining in 
day 7 and resolved in day 21 (p=0.010). None of the IPC groups experienced any necrosis. However, table 2 
shown that statistically in daily comparison there is no significance between standard treatment and 
experiment group. (p>0.05) 
 

Table 2. Percentage of necrosis area 

Variable 

Standard 
treatment 

IPC Experiment Group P value 

PS Ex-1 Ex-2 
 

N=8 N=6 N=6 

Immediate     1.000* 

Mean±Std 0.00 0.00 0.00  

Range (min-max) 0.00 0.00 0.00  

Day 1    0.522* 

Mean±Std 0.99±2.804 0.00 0.00  
Range (min-max) 0.00-7.93 0.00 0.00  

Day 2    0.522* 

Mean±Std 2.35±6.657 0.00 0.00  

Range (min-max) 0.00-18.83 0.00 0.00  

Day 3    0.197* 

Mean±Std 3.39±8.949 0.00 0.00  

Range (min-max) 0.00-25.49 0.00 0.00  

Day 4    0.063* 

Mean±Std 5.33±8.897 0.00 0.00  
Range (min-max) 0.00-24.61 0.00 0.00  

Day 5    0.063* 

Mean±Std 5.56±9.548 0.00 0.00  

Range (min-max) 0.00-27.10 0.00 0.00  

Day 6    
 
0.063* 

Mean±Std 6.65±11.579 0.00 0.00  

Range (min-max) 0.00-32.93 0.00 0.00  

Day 7    0.063* 
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Mean±Std 6.27±11.095 0.00 0.00  
Range (min-max) 0.00-31.67 0.00 0.00  

Day 14    0.063* 

Mean±Std 4.34±9.147 0.00 0.00  

Range (min-max) 0.00-25.97 0.00 0.00  

Day 21    1.000* 

Mean±Std 0.00 0.00 0.00  

Range (min-max) 0.00 0.00 0.00  

P value 0.010** 1.000** 1.000**  

*analyzed with one way ANOVA; **analyzed with repeated ANOVA 

 
Flap Congestion 
All measurement of the area using ImageJ for windows were compared to area of before anastomosis and 
presented in percentage. The observation showed that all flaps experienced episode of congestion immediate 
after anastomosis and declining in until day 21. As shown in table 3, Group of standard AVF (PS) experienced 
higher congestion rate compare to IPC group and persist in day 21. In both IPC groups, declining of congestion 
was drastically visible in day 1. We found edema is almost resolved in day 14 and complete resolved in day 21 
in groups with 5-minute IPC cycle (EX1). The 10-minute IPC cycle group (EX2) experienced almost resolved 
in day 21. Analyzing inter groups using one way ANOVA, we found that it has significancy from immediate post 
anastomosis until day 21 (p<0.05). The same pattern was found intra groups statistic, all of them were 
significant (pPS=0.0001; pEx-1=0.0001; pEx-2=0.0001) 
 

Table 3. Comparative measurement of flap congestion 

Variable  
Standard 
treatment 

IPC experiment group P value 

  PS  Ex-1 Ex-2 
 

  N=8 N=6 N=6 
Immediate     0.002* 
Mean±Std 79.92±17.267 66.54±15.647 73.42±17.275  
Range (min-max) 41.92-92.22 52.09-96.72 50.76-97.31  
POD 1    0.0001* 
Mean±Std 61.39±20.611 38.26±13.809 42.22±15.487  
Range (min-max) 34.40-99.93 20.56-59.52 27.28-70.38  
POD-2    0.0001* 
Mean±Std 46.99±13.312 33.63±12.105 35.91±10.724  
Range (min-max) 29.73-72.41 18.40-47.34 20.18-50.61  
POD-3    0.0001* 
Mean±Std 46.20±12.130 31.79±7.304 32.10±12.326  
Range (min-max) 25.16-61.70 24.36-40.83 11.82-48.36  

POD-4    0.0001* 

Mean±Std 44.92±13.439 20.74±4.234 28.52±12.580  
Range (min-max) 32.58-69.20 17.03-28.33 14.03-42.03  

POD-5    0.0001* 

Mean±Std 42.99±12.530 14.37±5.954 24.89±15.205  
Range (min-max) 27.84-67.20 3.31-19.98 10.66-49.88  
POD-6    0.0001* 
Mean±Std 45.08±12.477 14.29±3.909 32.00±18.757  
Range (min-max) 27.31-68.29 7.93-17.89 17.06-66.49  

POD-7    0.0001* 

Mean±Std 36.93±16.391 12.68±5.657 29.24±13.781  
Range (min-max) 19.37-73.39 4.80-19.07 15.53-54.03  

POD-14    0.0001* 

Mean±Std 35.94±17.168 4.51±6.799 27.77±11.120  
Range (min-max) 22.56-64.97 0.00-17.53 11.88-44.56  

POD-21    0.003* 

Mean±Std 22.18±16.405 0.00 3.82±5.948  

Range (min-max) 0.00-47.89 0.00 0.00-12.37  

P value 0.0001** 0.0001** 0.0001**  

*analyzed with one way ANOVA; **analyzed with repeated ANOVA 

 
DISCUSSION 

 
An arterialization in venous flap was created in order to enhance perfusion but still creates congestion and 
resolvable edema as its result of non-physiology flap. A classic circulation model from artery – capillary – 
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venule, theoretically, is not needed in this flap. Ensuring constant blood flow with arterialization was to open 
the shunt and perfuse the flap with arterial blood which was rich from oxygen (16). Pressure from artery that 
fills vein system was suspected to contribute to severity of congestion. If the pressure of tissue is exceeding the 
arterial pressure, the blood from vein will pump to artery in diastolic phase. This process creates congestion in 
the early arterialization and resolves after vascular adaptation occur(17).  Therefore, an experiment using shunt 
restriction to create area of high and low pressure was done to make this flap more physiological with end 
result of reduced congestion(18). However, this intervention did not hinder congestion at all. 
Another effort to increase flap survival was with pre-arterialization prior flap elevation and ligation of main 
arterial source. Side-to-side anastomosis of femoral artery and vein was conducted by Wungcharoen et al to 
ensure flap perfusion and much superior than original AVF(19). Flap delay was one of common procedure to 
increase flap survival. Yan et al showed that combination of pre-arterialization and delay procedure increase 
flap survival due to increasing of neovascularization and microvascular changes(20). Although these 
procedures increase angiogenesis, they require multiple stages.  
All flaps in this experiment were vital and has visible pulse. This confirm that direct IPC procedure has no side 
effect for flap. Although some hesitation regarding this procedure arose due to vascular trauma and preferred 
remote IPC(21). Modification of digital industrial microscope was visible to be used in training super 
microsurgery in animal model. The three-point suture in small caliber vessel is also proven to be efficient way 
of anastomosis. 
 

 
Picture 2. Flap before procedure and follow up immediate after anastomosis, day 1 until 7, 
day 14 and day 21. Above: standard AVF. Middle: AVF + 5-minute IPC. Bottom: AVF + 10-

minute IPC. 
 
Partial flap necrosis in this experiment were an uneventful effect of AVF creation and visible from day 2 with 
its visible peak in day 6. This confirms publication from Bajawa et al that stated after 48 hours post operative, 
flap look cyanotic and continuous to do so until day 7 when demarcation with healthy skin was clearly 
visible(22,23).  
In comparison with standard delayed procedure, Ceylan et al were concluded that venous flap with 3 cycle of 
10 minutes IPC has smaller area of necrotic(24). This is in line with our experiment that all IPC flaps experience 
no necrotic. Repetition of three occlusion/non occlusion cycle was proven to be effective to increase flap 
survival. Wang et al was applied 2 cycle of 5 minutes and 10 minutes IPC to TRAM flaps in rat and proved that 
their survival rate is higher than control group(25) Three cycle of IPC apparently sufficient to produce peak 
blood flow to the flap and increase blood saturation by 29% from the baseline(21). Our protocol had inline 
result with Coskunfirat et al, that IPC prior to ischema showed a significant flap survival portion compare to 
its standard procedure(26). 
The drawbacks of AVF are flap edema and congestion. Our experiment was also showed that all of our flaps 
experienced congestion started from immediate after anastomosis and slowly resolved. Bajawa et al stated that 
flap will have congestion in 24 hours after procedure(22). Baytinger et al stated that congestion and edema 
were mostly prominent in day 7. Neo angiogenesis and cell proliferation were responsible to that event(27). 
Other publication also stated that 40% of AVF were still experiencing congestion up to 6 weeks post operative. 
In our standard AVF, congestion and edema Partial flap necrosis in this experiment were an uneventful effect 
of AVF creation and visible from day 2 with its visible peak in day 6. This confirms publication from Bajawa et 
al that stated after 48 hours post operative, flap look cyanotic and continuous to do so until day 7 when 
demarcation with healthy skin was clearly visible(22,23).  
In comparison with standard delayed procedure, Ceylan et al were concluded that venous flap with 3 cycle of 
10 minutes IPC has smaller area of necrotic(24). This is in line with our experiment that all IPC flaps experience 
no necrotic. Repetition of three occlusion/non occlusion cycle was proven to be effective to increase flap 
survival. Wang et al was applied 2 cycle of 5 minutes and 10 minutes IPC to TRAM flaps in rat and proved that 
their survival rate is higher than control group(25) Three cycle of IPC apparently sufficient to produce peak 
blood flow to the flap and increase blood saturation by 29% from the baseline(21). Our protocol had inline 
result with Coskunfirat et al, that IPC prior to ischema showed a significant flap survival portion compare to 
its standard procedure(26). 
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The drawbacks of AVF are flap edema and congestion. Our experiment was also showed that all of our flaps 
experienced congestion started from immediate after anastomosis and slowly resolved. Bajawa et al stated that 
flap will have congestion in 24 hours after procedure(22). Baytinger et al stated that congestion and edema 
were mostly prominent in day 7. Neo angiogenesis and cell proliferation were responsible to that event(27). 
Other publication also stated that 40% of AVF were still experiencing congestion up to 6 weeks post operative. 
In our standard AVF, congestion and edema were most prominent in day 5-6 post operative and although 
declining, this group was having minimal congestion in day 21. This might be due to denervated vein that 
created dilated vein, unlike arteriole that able to contract(24,25,28,29). All of our IPC flaps were experienced 
congestion than reduced significantly in day 2. In 5-minutes IPC group, the congestion was almost resolved in 
day 14 and complete resolved in day 21. In 10-minute IPC group, congestion almost resolved in day 21 (4%), 
compared to standard AVF. This confirm that in flap transfer, IPC procedure creates protective and adaptative 
mechanism for Ischemic/Reperfusion Injury. Our experiment proved that IPC create the same mechanism in 
AVF.  
 

CONCLUSION 
 
Direct Ischemic Preconditioning procedure, either 5-minute or 10-minute cycle, was proven safe for creation 
AVF. This conditioning procedure to AVF does not create any flap necrotic and tends to reduce congestion that 
might improve survival of the flap. This adjunct procedure may take more time intraoperatively but has 
significant mechanism in protecting flaps for adverse event of IRI in AVF. 
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