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Extracorporal shock wave may enhance skin flap
survival in an animal model
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Summary Several methods have been used in an attempt to increase blood supply and
tissue perfusion in ischemic tissues. The authors investigated the effect of
extracorporal shock wave (ESW) treatment on compromised skin flaps. For this
purpose, the epigastric skin flap model in rats, based solely on the right inferior
epigastric vessels was used.

Twenty male Sprague-Dawley rats were divided into two groups (ESW-group,
Control group) of 10 rats each. The ESW-group was administered 2500 impulses at
0.15 mJ/mm? immediately after surgery, whereas, the control group received no
treatment. Flap viability was evaluated on day 7 after the operation. Standardised
digital pictures of the flaps were taken and transferred to the computer, and necrotic
zones relative to total flap surface area were measured and expressed as percentages.
Overall, there was a significant reduction in the surface area of the necrotic zones of
the flaps in the ESW group compared to the control group (ESW group: 2.2 + 1.9%
versus control: 17.4 + 4.4% (p < 0.01)).

In this study, the authors demonstrated that treatment with ESW enhanced
epigastric skin flap survival, as confirmed by the significant reduction of necrotic flap
zones. ESW treatment seems to represent a feasible and cost effective method to
improve blood supply in ischemic tissue.
© 2004 The British Association of Plastic Surgeons. Published by Elsevier Ltd. All rights
reserved.

Partial skin flap necrosis caused by inadequate
arterial inflow or insufficient venous outflow
remains a significant problem in reconstructive
surgery.' If flap necrosis occurs, subsequent
management often includes time-consuming and
repetitive dressing changes aimed at promoting
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healing by secondary intention or even secondary
reconstructive procedures. Several methods, for
instance, treatment with hyperbaric oxygen, have
been used in an attempt to increase blood supply
and tissue perfusion in compromised tissues.? The
potential of therapeutic agents, including a variety
of growth factors, to stimulate the development of
angiogenesis in ischemic skin flaps has aroused
considerable interest.>* However, the need for
high initial doses and daily applications as well as
short half-life of these growth factors suggests that
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an important aspect of their efficacy is the means of
delivery. For this reason, recent investigations on
therapeutic angiogenesis have mainly focused on
the use of various gene therapy techniques for
growth factor delivery®’. Although, considerably
effective potential side effects, and the cost
intensiveness of these techniques represent some
of the drawbacks of this approach.

Recent studies describe an until now unknown
potential of extracorporal shock wave (ESW) to
promote cell differentiation and neovascularisa-
tion.®? On the basis of these experimental data, we
investigated the feasibility of enhancing epigastric
skin flap survival with ESW treatment.

Materials and methods

Twenty male Sprague-Dawley rats weighing 300-
500 g were used in this study and were divided into
two groups (ESW-group, Control group) of 10 rats
each. The animals were maintained according to
the National Research Council guidelines. The rats
were anaesthetised with intraperitoneal injection
of sodium pentobarbital (50 mg/kg).

The epigastric skin flap model

The previously described epigastric skin flap model
was used in this study with some modification 123f
the flap design.'®'" Based solely on the right
inferior epigastric vessels, the contralateral distal
corner of the flap represents the random portion
which predictably undergoes necrosis, amounting
to about 30% of the total flap area. The flap is
designed in such a way that the lateral branch of the
right epigastric artery is excluded and the flap is
supplied by the medial arterial branch alone.'?

Operative technique

The rats were first anaesthetised and the epigastric
flap measuring 8 x 8 cm? was outlined on abdominal
skin extending from the xiphoid process proximally
and the pubic region distally, to the anterior
axillary lines bilaterally. The flap was elevated as
a skin island flap pedicled on the right inferior
epigastric vessels, whereas the left inferior epi-
gastric vessels were ligated. Then, the flap was
sutured back to its native configuration by using
interrupted 4/0 nonabsorbable sutures.

ESW treatment

Immediately after the surgical intervention the

anaesthetised rats were placed in a right lateral
position. Ultrasound transmission gel (Pharma-
ceutical Innovations Inc., NJ, USA) was used as
contact medium between the ESW apparatus and
skin. Based on unpublished data from a pilot study,
where we tried to find the optimal ESW strength,
ESW treatment with 2500 impulses at 0.15 mJ/mm?
(Epos Fluoro Dornier MedTech Gmbh, Wesslingen,
Germany) was given to the left upper corner of the
flap. This area represents the random portion of the
flap, which according to literature predictably
undergoes necrosis (Figs. 2 and 3).

Follow-up

Follow-up evaluation was performed on postopera-
tive day 7. The animals were anaesthetised and
after standardised digital pictures of the flaps were
taken and transferred to the computer, they were
killed with an overdose of intraperitoneal pento-
barbital (100 mg/kg). The following flap zones were
defined for surface area measurement: necrotic
zone and total flap area (defined by surgical
borders). Surface area of these defined zones was
measured by using Image Pro Plus Software (version
4.1, Media Cybernetics LP, Silver Spring, MD). The
results were expressed as percentage relative to
total flap surface area.

Statistical analysis

The statistical analysis was conducted by the
Department of Biostatistics of the University of
Innsbruck. A paired student’s t-test was used. No
correction was made for multiple testing. Results
were expressed as mean += SD and considered
significant when p < 0.05.

Figure 1
given to the left upper corner of the flap.

Experimental setting: ESW treatment was
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Figure 2 Characteristic sample of the control group at
day 7 after surgery showing a necrotic area in the left
upper corner of the flap.

Results

None of the epigastric flaps showed any signs of
infection, seroma, or hematoma formation. Over-
all, there was a highly significant reduction in the
surface area of the necrotic zones of the flaps in the
ESW group (Fig. 3) compared to the control group
(Fig. 2) (area of the necrotic zone described as a
percentage of the total flap area: ESW group:
2.2 = 1.9% versus control: 17.4 = 4.4% (p < 0.01))
(Table 1 and Fig. 4).

Discussion

In an attempt to understand skin flap viability and
necrosis, the effects of a number of growth factors
on flap survival have been examined. Several
factors, most notably vascular endothelial growth
factor,">' fibroblast growth factor'® and endo-
thelial growth factor'® have demonstrated marked
abilities to improve skin flap survival. Induction of
neovascularisation was thought to be the major

Table 1 Exact values of medians and standard deviations in
the ESW and the control group

Median Standard deviation
ESW group (N = 10) 2.246 1.94957
Control group (N = 10) 17.36 4.40081

Figure 3 Characteristic sample of the ESW group show-
ing a significant reduction in the surface area of the
necrotic zone of the flap compared to the control group.

mechanism for the improvement of flap survival by
these growth factors. However, application of
these growth factors is based mainly on various
gene therapy techniques, and both the cost inten-
siveness and associated undesirable side effects
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Figure 4 Diagram showing the distribution of the
necrotic zones in the ESW group compared to the control
group.
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represent some of the major drawbacks of this
approach."’

A recent result of an animal study suggests that
ESW treatment stimulates the early expression of
angiogenesis-related growth factors.> According to
Wang, there is a significant rise of growth factors
such as endothelial nitric oxide synthase, vascular
endothelial growth factor and proliferating cell
nuclear antigen inducing ingrowth of new vessels.'®
In further studies, Wang et al. demonstrated that
shock wave treatment is effective in promoting the
healing of fractures'®?° probably by stimulated
expression of the growth factors mentioned above
and transforming growth factor-g1.? All of these
studies mainly focused on orthopaedic problems.
We wanted to investigate whether this approach
was feasible and useful from a plastic surgical
perspective. As loss of flap due to poor circulation is
a major problem confronting plastic surgeons in
reconstructive surgical procedures, we tried to assess
the effectiveness of ESW treatment on skin flaps.

Despite success in the treatment of certain
orthopaedic disorders,?'"?2 the exact mechanism
of shock wave therapy is not yet known. However, it
was postulated that ESW treatment may have
beneficial effect not just on bone and tendon
healing but may also cause microtrauma or micro-
fracture and hematoma formation. According to
available literature the incidence of shock wave
complications varied significantly with the location
of treatment and the amount of shock wave
energy.?® As the ESW treatment we applied con-
sisted of 2500 impulses at 0.15 mJ/mm?, which
represents a low-dose treatment, we did not
encounter any complications like hematoma or
seroma formation. On the contrary, we were able
to achieve impressively small necrotic zones of
epigastric skin flaps representing 2.2% of the total
flap area. To our knowledge, this is the first time
that such results have been described. One possible
reason for this finding is that unlike in other studies
where a single growth factor was used, ESW
treatment probably stimulates a cascade of growth
factors interacting in a complex and more efficient
way than a single agent does. Although further
studies have to be conducted to determine the
exact level of growth factors after ESW treatment,
this technique seems to represent a feasible and
cost effective method to improve blood supply in
ischemic tissue.

Acknowledgements

The authors are indebted to Ms Rajam Csordas for

critical reading of the manuscript and to Mag.
Martina Deibl for statistical evaluation.

References

1. Kerrigan CL. Skin flap failure: pathophysiology. Plast
Reconstr Surg 1983;72:766—77.

2. Pellitteri PK, Kennedy TL, Youn BA. The influence of
intensive hyperbaric oxygen therapy on skin flap survival in
a swine model. Arch Otolaryngol Head Neck Surg 1992;18:
1050—4.

3. Khouri RK, Brown DM, Leal-Khouri SM, Tark KC, Shaw WW.
The effect of blast fibroblast growth factor on the
neovascularization process: skin flap survival and staged
flap transfer. Br J Plast Surg 1991;44:585-8.

4. Haws MJ, Erdman D, Bayati S, Brown RE, Russell RC. Basic
fibroblast growth factor induced angiogenesis and prefabri-
cated flap survival. J Reconstr Microsurg 2001;17:39—42.

5. Baumgartner |, Pieczek A, Manor O. Constitutive expression
of phVEGF165 after intramuscular gene transfer promotes
collateral vessel development in patients with critical
ischemia. Circulation 1998;97:1114-23.

6. Faries PL, Pomposelli FB, Quist WC, LoGerfo FW. Assessing
the role of gene therapy in the treatment of vascular
disease. Ann Vasc Surg 2000;14:181-8.

7. Maeda Y, lkeda U, Shimpo M. Adeno-associated virus-
mediated vascular endothelial growth factor gene transfer
into cardiac myocytes. J Cardiovasc Pharmacol 2000;36:
438—43.

8. Wang CJ, Wang FS, Yang KD. Shock wave therapy induces
neovascularization at the tendon-bone junction. A study in
rabbits. J Orthop Res 2003;21:984-9.

9. Wang FS, Yang KD, Chen RF, Wang CJ, Sheen-Chen SM.
Extracorporal shock-wave promotes growth and differen-
tiation of bone-marrow stromal cells towards osteoprogeni-
tors associated with induction of TGF-beta1. J Bone Joint
Surg Br 2002;84:457—61.

10. Kryger Z, Zhang F, Dogan T, Cheng C, Lineaweaver WC,
Buncke HJ. The effects of VEGF on survival of a random flap
in the rat: examination of various routes of administration.
Br J Plast Surg 2000;53:234-9.

11. Petry JJ, Wortham KS. The anatomy of the epigastric flap in
the experimental rat. Plast Reconstr Surg 1984,74:410-3.

12. Padubidri AN, Browne E. Modification in flap design of the
epigastric artery flap in rats: a new experimental flap model.
Ann Plast Surg 1997;39:500—4.

13. Lubiatowski P, Goldman CK, Gurunluoglu R, Carnevale K,
Siemionow M. Enhancement of epigastric skin flap survival by
adenovirus-mediated VEGF gene therapy. Plast Reconstr
Surg 2002;109:1986—93.

14. Machens HG, Salehi J, Weich H. Angiogenic effects of
injected VEGF165 and sVEGFR-1 (sFLT-1) in a rat flap
model. J Surg Res 2003;111:136—42.

15. Ishiguro N, Yabe Y, Shimizu T, Iwata H, Miura T. Basic
fibroblast growth factor has a beneficial effect on the
viability of random skin flap survival in rats. Ann Plast Surg
1994;32:356—60.

16. Hom DB, Assefa G. Effects of endothelial cell growth factor
on vascular compromised skin flaps. Arch Otolaryngol Head
Neck Surg 1992;118:624—8.

17. Vajanto |, Rissanen TT, Rutanen J. Evaluation of angio-
genesis and side effects in ischemic rabbit hindlimbs after
intramuscular injection of adenoviral vectors encoding VEGF
and LacZ. J Gene Med 2002;4:371--80.



Extracorporal shock wave may enhance skin flap survival in an animal model 57

18.

19.

20.

21,

Wang CJ. An overview of shock wave therapy in musculoske-
letal disorders. Chang Gung Med J 2003;26:220-32.

Wang CJ, Chen HS, Chen CE, Yang KD. Treatment of non-
union fracture of the long bone with shock waves. Clin
Orthop 2001;387:95—101.

Wang CJ, Huang HY, Chen HS, Pai CH, Yang KD. Effect of
shock wave therapy on acute fractures of the tibia: a study in
a dog model. Clin Orthop 2001;387:112—8.

Haupt G. Use of extracorporal shock wave in the treatment

22.

23.

of pseudoarthrosis, tendinopathy and other orthopaedic
disease. J Urol 1997;158:4—11.

Rompe J, Hope C, Kullmer K, Heine J, Burger R. Analgesic
effect of extracorporal shock-wave therapy on chronic
tennis elbow. J Bone Joint Surg 1996;78:233—7.

Wang CJ, Huang HY, Yang K, Wang FS, Wong M. Patho-
mechanism of shock wave injuries on femoral artery, vein
and nerve. An experimental study in dogs. Injury 2002;33:
439—46.



-

*



