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Summary. The effect of  pentoxifylline as a hemorrheo- 
logic agent on skin flap survival has been observed. A 
caudally pedicled dorsal flap with an ischemic compo- 
nent in rats was used as the model. The flap survival 
was calculated to be 0.807+_0.049 in the control group 
(n=  15), where flap survival was found to be 0.9713_ 
0.018 in the pentoxifylline treated group (n=  15) ( t=  
12,19, p < 0.005). In the meantime, living flap length was 
measured as 9.96+0.72 in the control group, and 
11,84+0.18 in the pentoxifylline treated group. With 
these results, we have come to the conclusion that paren- 
teral pentoxifylline therapy is effective on ischemic skin 
flap survival in the rat model. 
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Viability in skin flaps is achieved via cutaneous dermal- 
subdermal plexus until neovascularization is accom- 
plished. The length of  the viable flap depends on suffi- 
cient blood supply and tissue oxygenization [5]. In clini- 
cal practice, partial flap necrosis is still a big problem. 
Ischemia appears in the distal part of  the flap when 
the flap length extends beyond the limit of  the vascular 
supply. Under ischemic conditions, there is a localized 
hyperosmolar area with low blood flow containing dys- 
morphic red blood cells [2]. 

Numerous studies concerning different pharmacolog- 
ic agents effecting the different regulatory systems of 
the blood flow in the viable flap length has been under- 
taken in many centers with a varying result [3, 5]. Pen- 
toxifylline is a recently developed methylxanthine deri- 
vant. This experimental study was undertaken to deter- 
mine the effect of  pentoxifylline as a hemorrheologic 
agent that decreases platelet aggregation and regulates 
blood circulation on ischemic skin flap viability. 
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Material and methods 

In the study, 30 female Sprague-Dawley rats weighing between 
280 350 g were used. All animals were housed separately under 
the same light and heat conditions and were free to feed on rat 
chow and water. The animals were divided into two groups with 
15 animals each. 

Group 1 (Pentoxifylline treated group): Pentoxifylline diluted in 
serum saline solution 24 mg/kg/per day) was injected intraperitone- 
ally immediately following the operation. This amount is similar 
to the suggested therapy dose used in human beings. Injections 
were continued daily for ten days. 

Group 2 (Control group): Animals were injected intraperitoneally 
with the same volume of saline following operation. This procedure 
was also undertaken daily for ten days. 

All animals were anesthetized using 3(~40 mg/kg Na thiopental 
intraperitoneally. Their backs were shaved and a 4 x 12 cm caudally 
pedicled dorsal flap was prepared according to an adaptation de- 
scribed by McFarlane et al. in 1965 [6]. The flaps contained skin 
and panniculus carnosus (Fig. 1 a). Sacral pedicles were saved at 
the flap base (Fig. 1 b). No special effort was taken for hemostasis, 
and the free edges of the flap were loosely sutured in place. To 
avoid the animals from harming themselves, dressings were used 
on the operative site. At the end of ten days, the animals were 
reanesthetized and flap necrosis was documented on acetate sheet- 
ing (Fig. 2). The animals were sacrificed following documentation. 

Results 

Two animals in the control group and one animal in 
the pentoxifylline treated group destroyed their flaps in 
spite of all precautions being taken. Two animals in the 
control and three animals in the pentoxifylline treated 
group died at different intervals after surgery. These ani- 
mals were replaced with new ones. 

To investigate the effect of  pentoxifylline on flap sur- 
vival, the length of the viable flap and a measurement 
of  the flap area in millimeters were used. Since most 
of  the flap necrosis occurred in an irregular pattern, 
the results from the second parameter were accepted to 
be more accurate. 

The necrotic area drawn on acetate sheets was calcu- 
lated, and the flap survival was determined as a percent- 
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Fig. 1. a, b The dorsal flap and saved sacral pedicles 

Fig. 2. a, b Irregular pattern flap necrosis in the control group 

Table 1. Length of viable flap (cm) 

Subject Control group P-treated group 

Table 2. Non-necrotic flap area (ram 2) 

Subject Control group P-treated group 

1 9.6 11.7 1 3792 4614 
2 9.4 11.6 2 3670 4593 
3 9.9 11.9 3 3880 4690 
4 10.2 11.9 4 3947 4705 
5 10.1 11.9 5 3891 4698 
6 8.6 11.6 6 3494 4537 
7 10.6 12.0 7 4067 4752 
8 11.0 12.0 8 4295 4800 
9 10.4 12.0 9 4004 4728 

10 10.4 12.0 10 4031 4744 
11 8.5 11.4 11 3420 4514 
12 10.2 12.0 12 3984 4725 
13 9.6 11.8 13 3807 4689 
14 10.1 11.9 14 3906 4702 
15 10.8 12.0 15 4270 4800 

Mean 9.96 ± 0.72 11.84 ± 0.18 Mean 3897.2 ± 243.03 4686.06 ± 85.94 

Student's t test t = 9.89 p < 0.005 Student's t test t = 11.85 p < 0.005 

Man Whitney U test p < 0.05 Man Whitney U test p < 0.05 

age of  non-nec ro t i c  f lap/ tota l  flap area in mil l imeter  
squares.  The results were p r o n o u n c e d  in m e a n  values 
(Tables 1-3). 

In  the cont ro l  g roup  (n = 15), the m e a n  viable length 
of  the flaps was calculated to be 9 . 9 6 + 0 . 7 2  cm, and  
the m e a n  flap survival  was found  to be 80.7_+4.9%. 
In  the pentoxifyl l ine  t reated group  (n = 15), the m e a n  

viable length of  the flap was calculated to be 11.84___ 
0.18 cm, and  the m e a n  flap survival  was also found  to 
be 97 .13+  1.8%. 

Us ing  the S tudent ' s  t test, the difference between re- 
sults of  bo th  groups showed that  pentoxifyl l ine had  sig- 
nif icant ly  beneficial  effect on  skin flap length ( t=9 .89 ,  
p < 0.005) and  viabil i ty (t = 12.19, p < 0.005). 
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Table 3. Flap survival (%); non-necrotic flap area/total flap area 

Subject Control group P-treated area 

1 79% 96% 
2 76% 95% 
3 80% 97% 
4 82% 97% 
5 81% 97% 
6 72% 94% 
7 84% 99% 
8 89% 100% 
9 83% 98% 

10 83% 98% 
11 71% 94 % 
12 83% 98% 
13 79% 97% 
14 81% 97% 
15 88% 100% 

Mean 80.7 _+ 4.9 97.13 _+ 1.8 

Student's t test t~ 12.19 p < 0.005 

Man Whitney U test p <0.05 

Discussion 

Pentoxifylline is known to be a hemorrheologic agent 
with few side effects and has been used recently in the 
~treatment of  patients with peripheral vascular disease. 
It  increases tissue oxygenation which results in increased 
exercise tolerance and walking distance [2, 6, 8]. Rheo- 
logically, it has three main effects: it increases the eryth- 
rocyte flexibility without  affecting the coagulation pro- 
file; it decreases serum fibrinogen; and decreased plate- 
let aggregation. It  was throught  that  with these proper-  
ties it may be a useful agent in increasing ischemic skin 
flap survival by decreasing blood viscosity [1, 9]. 

In the literature, the studies using different animal 
models with various dosages and administration meth- 
ods have led to non-correlating results in relation to 
the effect of  pentoxifylline on skin flap viability. 

Takayanagi  and Ogawa [10] used pentoxifylline mtra-  
peritoneally in a 1 x 7 cm flap model in rats and have 
provided that  it is effective in increasing viable flap 
length. In addition, they have calculated the erythrocyte 
adeninnucleotide levels and have found that  pentoxifyl- 
line treated erythrocytes showed a statistically significant 
increase when compared  to the non-treated [10]. 

Monteiro et al. have used pentoxifylline by a enteral 
route on a flap 3 x 9 cm in rats. In this study, an increase 
in the flap viability was shown, but other details were 
not mentioned [7]. 

Freeman et al. performed a similar experiment but 
did not reach any satisfactory result [4]. 

In 1988, Roth et al. determined the effect of  the drug 
using a 2 x 10 cm dorsal skin flap and calculated the 
differences in the blood viscosity. In this study, the au- 
thors showed that  flap survival increased significantly 
with parenteral  pentoxifylline therapy in lower dosage 
and even when given postoperatively. They did not dis- 
cuss viscosity measurements or other parameters  [9]. 

In 1989, Chu and Desmukh  chose the rabbit  as their 
animal model to study the use of  a larger flap; they 
raised a 4 x 14 cm mid-dorsal  flap. They stated that there 

was no significant difference between the two test groups 

[11. 
In this study, our aim was to determine the effect 

of  pentoxifylline on skin flap viability. It  has been shown 
that  a macroscopically ischemic demarcat ion line corre- 
lates well with histological examination [1]. For this rea- 
son, we determined flap viability macroscopically by the 
ischemic demarcat ion line, the color of  the flap, stiffness 
and pliability. We have not  as yet performed any histo- 
pathological evaluation. 

The results support  the conclusion that  pentoxifylline 
augments skin flap survival. Because of the methodologi-  
cal differences f rom the above-mentioned studies, we be- 
lieve that  the results should be confirmed with a larger 
series of  animals. 
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