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Abstract

Original Article

Introduction

Maintaining flap viability has been a challenge for reconstructive 
surgeons. Ischemia‑hypoxia and ischemia‑reperfusion injury 
are the main reasons behind the flap necrosis.[1,2] Thus, 
increasing resistance of the flap to ischemic conditions which 
is called preconditioning has been aimed to improve flap 
viability. Strategies for preconditioning can be summarized 
as surgical and nonsurgical. The surgical method is the staged 
elevation of the flap and delaying the final adaptation.[3] 
Nonsurgical methods are consisting of pharmacological agents, 
growth factor implications, hyperthermia, and hypothermia. 
Limitations of pharmacological agents and growth factor 
implications are their toxicity, side effects, and cost.[4‑8]

Hypothermia is the condition of body temperature to be 
under 35°C.[9,10] Hypothermia has been used in medicine for 
locally and systemic applications. Cold intravenous infusions 

are used for systemic hypothermia. It is shown that systemic 
hypothermia is protective against cell damage in hypoxic 
conditions such as cardiac surgery.[11‑13] In addition, it is 
reported that hypothermia is beneficial in ischemia‑reperfusion 
injury. Thus, application of hypothermia modalities in the 
clinic might be used as a cheaper and nontoxic preconditioning 
method when it is compared with reported methods.

Background: Preconditioning is the improving the overall viability of the flaps before surgery. Hypothermia is one of preconditioning 
methods. In literature, the effect of short time hypothermia in skin flap viability has been studied. However, there is no information about the 
effects of long‑term application of hypothermia on skin flap viability. In this study, we investigated the effect of long‑term local hypothermia 
on flap viability and new vessel formation on random pattern skin flaps. Materials and Methods: Thirty‑six adult male Sprague‑Dawley 
rats were used. The flap model was, 3 cm × 9 cm sized random pattern skin flap. Three groups were composed as control group, continuous 
hypothermia induction group with ice bags, and intermittent hypothermia induction with chloroethyl spray. Flaps were raised on the 15th day 
of hypothermia sessions. Flap viability was measured in the software program. Microangiography and blood vascular endothelial growth 
factor (VEGF) levels were assessed for the detection of new vessel formation. Results: Average flap viabilities were found to be 64.87% in 
Group I, 57.69% in Group II, and 62.22% in Group III. The difference between Group II and other groups were statistically significant. When 
microangiographies were examined macroscopically, diameters, and amount of vascular branches of vessels in Group II were found to be 
higher than other groups. The difference between blood VEGF levels day 1 values among groups was not statistically significant. When day 4 
values were compared to baseline values difference in Group III was statistically significant. At days 7 and 15, differences between groups and 
corresponding baseline values were not statistically significant. Conclusion: Continuous long‑term application of hypothermia with ice‑water 
bags causes a significant increase in neovascularization in random pattern skin flaps without an increase in skin flap viability. Hence, we can 
say that 2 weeks of hypothermia on random pattern skin flaps is not an efficient preconditioning method in clinical use.
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Hypothermia applications in the literature have focused on 
the effects of systemic or single‑stage local administrations.[14] 
There is no study about the effect of local hypothermia on flap 
viability in the literature. We aimed to investigate the effects 
of long‑term intermittent hypothermia on random pattern flap 
viability.

Materials and Methods

The experiment started after the approval of Baskent University 
ethic committee. 36 Sprague Dawley rats were used for the 
study. Four groups were formed as follows:

•	 Group I: Control group, only flap elevated without cold 
application.

•	 Group  II: Cold pack was placed on the dorsum of the 
rats 30 min a day for 14 days. Dorsal McFarlane flap was 
elevated at day 15.

•	 Group III: Chloroethyl ice spray (Chloraethyl spray, Walter 
Ritter, Hamburg‑Germany) was used for hypothermia 
induction seven times a day with 5  min intervals for 
14 days. Dorsal McFarlane Flap was elevated on day 15.

All rats were anesthetized with intraperitoneally administered 
40 mg/kg ketamine and 5 mg/kg xylazine hydrochloride before 
hypothermia induction and surgical procedures.

Local hypothermia induction and assessment of skin 
temperature
Dorsum of the rats was shaved after anesthesia. Ice water 
bag which was filled with the same amount of water and ice 
kept constant at 4°C–8°C once a day for 30 min was brought 
into contact with the back of the rat in Group II. Each rat was 
placed between two supports for preventing slipping of the ice 
bag and full contact with the dorsal skin where flaps would 
elevated were maintained  [Figure  1]. Skin temperature of 
dorsal skin and ears measured with a touchless infrared digital 
thermometer in every 5 min. The temperature was constant 
between 11°C and 14°C of the back and normal temperature 
in the ears.

Chloraethyl spray, Walter Ritter, Hamburg-Germany  was 
applied to shaved back of rat a total of seven times at 5‑min 
intervals in each session for Group  III. Each spraying was 
carried out for 4–6 s until a white layer was formed on the skin 
of the rat. Immediately, after spray application, the back skin 
temperature was measured 2°C–5°C with touchless infrared 
temperature, which increased to 12°C–18°C within 10 s and 
returned to normal values after 40–60 s [Figure 2].

Flap model
Caudally based 3 cm × 9 cm size random pattern McFarlane 
skin flap was elevated from the dorsum of the rat. Flaps were 
replaced to the donor site. Flap viability was assessed 1 week 
later.

Assessment of flap viability
Flaps were photographed  (Canon EOS 20D camera with 
50 mm f:1.8 II lens and Canon Speedlite 43OEX external flash) 
at the postoperative 7th day. A 2 cm × 2 cm white paper sheet 
was placed next to rats for calibration. Images were assessed 
in Adobe Photoshop Cs5 program. Pixels of the viable and 
necrotic part of the flaps were measured, and flap viability 
percentage was calculated.

Blood vascular endothelial growth factor level 
measurement
Commercially available human vascular endothelial growth 
factor (VEGF) Immunoassay kit (Biosource, California, USA) 
was used for VEGF concentration analysis and the analysis 
of VEGF165 isoform. Blood levels of VEGF were studied on 
days 1‑4‑7 and 15 to investigate new vessel formation in all 
rats in all groups. A volume of 1 ml of blood were taken with 
22G needle from rats’ tail vein for each measurement. On the 
1st day, blood was collected before hypothermia and formed 
basal values for the groups. On the 15th day, blood was collected 
24 h after the last hypothermia before flap elevation. No blood 
was collected from the flap‑elevated rats, as the flap elevation 
itself would create hypoxia and affect VEGF levels. Therefore, 
the blood levels of Group I were evaluated only on the 1st day.

Microangiographic assessment
All rats were anesthetized with 40 mg/kg ketamine before the 
procedure. Blood was replaced with intracardially injected 
barium oxide. After sacrification of the rat, rats were placed 
to‑32°C freeze for 1 day. Flaps were harvested and radiologic 
images were taken with digital mammography. Images were 

Figure 1: Ice water bag placement of the back side of the rat for local 
hypothermia induction in Group II

Figure 2: Measurement of the dorsal skin right after, 10 s, 30 s, and 60 s 
after chloroethyl spray application
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uploaded to Adobe Photoshop program for vessel count. 
Lateral thoracic artery and deep circumflex iliac arteries were 
marked. New vessel formation in four regions around these 
vessels and the center of the flap were counted [Figure 3].

Statistical analysis
The ratio of living areas to total surface area and VEGF blood 
levels between the groups were statistically investigated. 
Levene test was used to determine whether the distribution of 
independent variables was homogeneous. In the comparisons 
where the variables were homogeneous, t‑test was used for 
statistical analysis. The Kruskal–Wallis test was used for 
statistical analysis in comparisons where the variables were not 
homogeneous. P < 0.05 was considered statistically significant.

Results

Flap viability percentage
The ratio of living areas to the total flap area was 
64.87% in Group  I, 57.69% in Group  II, and 62.22% in 
Group III [Figure 4]. The mean viable percentage in Group II 

was lower than the other groups and the difference was 
statistically significant when compared to Group I (P = 0.006) 
and Group III (P = 0.029). There was no statistically significant 
difference between Group I and Group III (P > 0.05).

Blood vascular endothelial growth factor levels
On the 1st day blood VEGF levels were: Group I: 1.82 pg/ml, 
Group II: 2.78 pg/ml, and Group III: 2.69 pg/ml. The difference 
between the 1st day values in the groups was not statistically 
significant  (P  >  0.05). On day 4, Group  II was 3.78  pg/
ml and Group III was 1.23 pg/ml. At the 4th day values, the 
difference between Group  II and Group  III was statistically 
significant (P < 0.001). When the 4th day values were compared 
with the basal values of the groups  (1st  day), there was no 
statistically significant difference in Group I (P > 0.05), but the 
decrease in Group III was statistically significant (P < 0.05). 
Day 7 values were Group II: 1.62 pg/ml, Group III: 2.83 pg/ml; 
15th‑day values were found as Group II: 2.14 pg/ml, and Group III: 
1.57 pg/ml. The difference between 7 and 15‑day values was not 
statistically significant between the groups and when compared 
with the basal values of the groups (P > 0.05). There was no 
statistically significant increase in hypothermia groups (Group II 
and Group  III) compared to basal levels  (P  >  0.05). The 
difference between 7 and 15‑day values was not statistically 
significant between the groups and when compared to the basal 
values of the groups (P > 0.05) [Figure 5].

Microangiographic vessel count
When microangiographies were investigated macroscopically, 
enlargement and expansion were shown in axial 
vessels  [Figure 6]. The mean number of vessels in the flap 
was 11.6 in Group I, 35.25 in Group II, and 13.2 in Group III. 
The difference between Group II and Group I (P = 0.024) and 
Group III (P = 0.032) was statistically significant. The number 
of vessels in Group III was higher than in Group I, but the 
difference was not statistically significant (P > 0.05) [Figure 7]. 
The mean number of vessels in the middle region of the flap 
was 0.6 in Group I, 6.75 in Group II, and 1 in Group III. The 
difference between Group  II and Group  I was statistically 
significant (P = 0.029), but the difference with Group III was 
not statistically significant (P > 0.05).

Figure 3: Axial vessels seen in microangiography and vessel counting 
regions. Arrowhead: Lateral thoracic artery. Arrow: Deep circumflex iliac 
artery. Numbers 1, 2, 3, 4: Distal branching of the axial artery. Number 
5: The center of the flap

Figure 4: Flap viability chart. The mean viable percentage in Group II was lower than the other groups and the difference was statistically significant 
when compared to Group I and Group III (*P < 0.05). On the right examples of skin flaps were shown. (a) Group I (control group). (b) Group II (ice 
water group). (c) Group III (spray group)
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Discussion

In order to reduce patient morbidity and increase surgical 
success, studies on the development of flap surgery are 
continuously performed. Various methods have been tried to 
prevent or reduce the amount of flap necrosis. The best known 
of these applications called “preconditioning” are surgical 
delay, ischemic preconditioning, hypothermia, hyperthermia, 
growth factors, and pharmacological agents. Although some 
applications increase flap viability, there are significant 
disadvantages such as high cost, need for technical equipment, 
additional surgical intervention, side effects, and nonpractical 
application. In order to be able to apply the flap viability 

widely in the clinic, it should not have toxic effects, be easy to 
apply and inexpensive, and do not need advanced technology. 
Thus, hypothermia seems safer and cheaper compared to other 
preconditioning methods.

In the literature, studies about hypothermia are generally directed 
to systemic or short‑term local hypothermia applications.[15‑17] 
Systemic hypothermia is the cooling of the whole body to about 
32°C–35°C. The aim of systemic hypothermia is to reduce 
cell damage by decreasing the rate of metabolism when the 
tissues remain hypoxic such as hypoxic encephalopathy and 
cardiac arrest.[12,18,19] Local hypothermia is the cooling of a part 
of the body to 4°C–8°C for 30 min. Harder et al. observed 
that local hypothermia was protective against ischemia and 
ischemia‑reperfusion injury and increased flap viability.[2] 
Kubulus et al. concluded that hypothermia applied 24 h before 
flap surgery increased flap viability[20] Xie YC et al. showed 
increased angiogenesis in hypothermia induced rats.[21] In other 
studies, hypothermia has been shown to trigger angiogenesis.[22,23] 
Short term hypothermia was induced with ice water bags in these 
studies; however, there is no study on the effect of long‑term 
intermittent hypothermia application in the literature. Thus, we 
aimed to investigate both flap viability and the effect of long‑term 
hypothermia on new vessel formation with microangiography 
and blood VEGF which is a marker of angiogenesis.

When the viability of the dorsal skin flap was evaluated as 
surface area, the viability percentage of Group II was lower 
than the other groups and the difference was statistically 
significant. There was no statistically significant difference 
between Group  I and Group  III. The decrease in Group  II 
can be considered as an impairment of cellular functions as a 
result of long‑term hypothermia. Another possibility is that the 
2‑week process is insufficient for investigating hypothermia 
effects on flap viability.

When blood VEGF levels were examined, there was no 
statistically significant increase in hypothermia groups 
compared to basal levels. The first factor suggesting that the 
increase in VEGF level was not observed was that blood levels 
of VEGF were studied, not tissue. The tissue level of VEGF 
is more significant than the blood level.[24] Hypoxic stimuli 
have been shown to increase blood levels of VEGF.[25,26] While 
VEGF is elevated in tissue, it may not be elevated in blood yet. 
Therefore, the absence of an increase in blood values cannot be 
interpreted as not being synthesized in the tissue. The half‑life 
of VEGF in plasma has been shown to be 13–33 min.[27] In our 
study, blood VEGF levels were studied 24 h after hypothermia 
application. Since hypothermia was administered daily for 
15  days, this stimulus was predicted to keep VEGF levels 
constantly high. However, VEGF may not be evaluated due to 
its short rise and fall after cold administration. Increased blood 
VEGF levels may be detected in an earlier administration.

When microangiograms were examined macroscopically, it 
was observed that the vessel diameters and branching amounts 
of Group II were higher than the other groups. The difference 
in neovascularization between Group I and Group III is not 
significant. When the number of vessels in microangiography 

Figure 5: Graphical representation of vascular endothelial growth factor 
levels by groups and days

Figure 7: Graph of mean vessel numbers in microangiography (*P < 0.05)

Figure 6: Left lateral thoracic artery territory in (a) An angiography sample 
from Group II (b) An angiography sample from Group I (control group)

ba
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was evaluated, it was determined that the vessel amount 
of Group  II was higher than the other groups. The number 
of vessels in Group III was higher than in Group I, but the 
difference was not statistically significant. The findings support 
the hypothesis that long‑term hypothermia leads to new vessel 
formation more than intermittent hypothermia. Controversially, 
flap viability in Group II was found lower. This paradoxical 
result might be explained as the formation of the new vessels 
against the hypoxic gradient, duration of hypothermia.

It is known that local hypothermia causes vasoconstriction, 
which leads to hypoxia in tissues which is a trigger for 
angiogenesis.[28] New vessels are formed according to the 
hypoxic gradient. When the hypoxia is not at the same level 
all over the flap, the newly formed vessels are aligned to the 
region where the hypoxia is less. In this way, the vessels acquire 
a structure parallel to the flap axis and can feed the distal flap 
region where hypoxia is most severe. However, the hypoxia 
caused by hypothermia in the dorsal skin flap is the same 
in general and does not show a gradient in our study. In the 
microangiography of the new vessels formed by hypothermia, 
not parallel to the flap axis, extending from the edges to the 
middle is shown to extend. Such a vessel increase cannot feed 
the distal ischemic area and prevent necrosis when the flap 
is randomly raised. Considering the new vascular structures 
caused by hypothermia, there is an increase in the number and 
diameter of the existing axial vessels. This suggests that the 
area fed by the axial vessel is enlarged. If the flap is planned 
axially such as lateral thoracic artery based, it may be possible 
to increase the surface area of the flap live.

Conclusion

It was shown that intermittent local hypothermia for 2 weeks 
had no effect on flap viability and blood VEGF levels. 
Increased viability and increased blood VEGF levels might be 
observed in longer term applications or axially planned flaps.
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