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Preoperative Shock Wave Therapy Reduces Ischemic Necrosis in
an Epigastric Skin Flap Model
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Abstract: Extracorporeal shock wave therapy (ESWT) has recently been
demonstrated to improve skin flap survival. In all these studies EWST was
applied immediately after the surgical intervention. Thus, the purpose of this
study was to determine the preoperative effect of ESWT as a noninvasive
technique to precondition flap tissue in a rat epigastric skin flap model.

EWST and control groups each contained 10 animals. ESWT was applied
7 days before the surgical intervention, whereas the control group received
no treatment. Follow-up evaluation was performed on postoperative day 5.
The mean area of flap necrosis, expressed as a percentage of the total flap
area, was calculated. A significant reduction of the average flap necrosis area
was observed in the ESWT group (27.2% � 9.6%) compared with the
control group (46.1% � 7.9% (P � 0.05).

In summary, this study indicates that preoperative ESWT may enhance
skin flap survival in a rodent model.
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Failure of composite flaps, due to ischemia injury, remains a
serious clinical problem. During the last decade several tech-

niques have been established to improve the survival of flaps by an
increase of the resistance to further ischemia. All these techniques
seem to have in common that they expose and precondition the
tissue to a sublethal degree of environmental stress, which may be
applied by a variety of physical and pharmacological stimuli.1

Recent studies reported an induction of angiogenesis together
with release of angiogenic factors mediated through extracorporeal
shock wave (ESW).2–5 Animal studies in a rat model showed that
ESW enhances the distal area of skin flaps, while ESW application
was admitted immediately after the operation.2,3,6 The present study
was thus designed to examine whether ESW therapy also is effective
in the preoperative treatment to ameliorate flap survival.

MATERIALS AND METHODS
Male adult Wistar rats with a weight between 200 and 300 g

were used. All animals were maintained in accordance to the
guidelines of the German Animal Welfare Act. The experimental
protocol was approved by a review committee of the state of

Baden-Wurttemberg, Germany. Seven days before the surgical in-
tervention all animals were anesthetized with an intraperitoneal
injection of ketamine hydrochloride (100 mg/kg; Ketanest 100
mg/mL; Fort Dodge Laboratories, Fort Dodge, Iowa) and xyla-
zine (5 mg/kg; Rampun; Bayer Corp, Stilwell, Kansas) and
randomly divided into 2 groups (ESW group and control group)
of 10 animals each.

Epigastric Skin Flap Surgical Procedure
The operative procedure was identical for all groups. All

operative procedures were performed under aseptic conditions. An-
imals were anesthetized with an intraperitoneal injection of ket-
amine hydrochloride (100 mg/kg; Ketanest 100 mg/mL; Fort Dodge
Laboratories) and xylazine (5 mg/kg; Rampun; Bayer Corp). With
the animals in a state of deep anesthesia, an extended epigastric
adipocutaneous flap (6 � 10 cm) based on the left superficial
epigastric vessels was raised. The right superficial epigastric vessels
were ligated and the flap was sutured back to its native configuration
and placed onto a silicon sheet to prevent neovascularization. To
avoid autocannibalism, protective collars made of plastic film were
applied to all the animals.7

ESW Group
Rats were placed in a supine position and an epigastric flap

measuring 10 � 6 cm was outlined with a permanent marker on the
abdominal skin. Ultrasound transmission gel was used as a contact
medium between the ESW apparatus and skin. Shock wave was
applied one-time in a dose of 500 impulses at 0.11 mJ/mm2 and 8
Hz, using an electrohydraulic shock wave device with focusing
applicator (dermaPACE, Sanuwave Inc., Marietta, GA) to the right
upper corner of the flap. This area represents the random portion of
the flap that predictably undergoes necrosis.3,6,7

The reason for the dosage and the timing that we applied
ESW of 500 impulses at 0.11 mJ/mm2 followed previous expe-
riences.2,3,8 –11

Control Group
In this group the flap was raised and sutured back without

preoperative ESW treatment.

Evaluation
Follow-up evaluation was performed on postoperative day 5.

Therefore all animals were killed and standardized digital pictures of
the flap were taken and transferred to the computer (Fig. 1A, B). The
mean area of flap necrosis, defined by surgical borders (expressed as
a percentage of the total flap area) was calculated for each animal,
using a self-programmed planimetry software. The results were
expressed as percentage relative to surface area of the total flap.

All values were calculated as mean � SD. Statistical analysis
was performed with F and Student t test. A P value of less than 0.05
was considered statistically significant.

RESULTS
No animal was eliminated from the study because of infec-

tion, seroma, hematoma formation, or autocannibalization. There
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was a significant increase of the average surviving area of the
ESW-group compared with the control group (P � 0.05). The ESW
group showed an average flap necrosis of 27.2% � 9.6%, whereas
the control group had an average area of flap necrosis of 46.1% �
7.9% (Fig. 2).

DISCUSSION
Skin flap necrosis in the distal flap areas is still a major

challenge in reconstructive surgery and several techniques have
been described to improve blood supply and tissue perfusion in
compromised tissues.

Previous animal studies suggest that ESW treatment has a
positive effect in rescuing ischemic zone of flap by an increase of
tissue perfusion. ESW treatment was first introduced into medicine
for the treatment of urolithiasis, but has been widely adopted for a
number of musculoskeletal disorders including nonunion of long
bone fractures, calcifying tendonitis, or plantar fasciitis.12–15 Low
energy shock ESW therapy effectively induced angiogenesis and
improved chronic ischemia in animals and humans.16–18 Further
studies showed a significant rise of growth factors such as VEGF as
well as endothelial nitric oxide synthase and proliferating cell
nuclear antigen after ESW treatment.2 With regard to plastic surgery
perspectives, ESW therapy has recently been demonstrated to im-
prove skin flap survival.2,3,6 In all these studies ESW was applied
immediately after the surgical intervention. Thus, the purpose of this
study was to determine the preoperative effect of ESW as a nonin-
vasive technique to precondition flap tissue. According to the find-
ings from earlier reports, our current study confirms an enhanced
flap survival in the animal model. Although the exact mechanism
of ESW therapy remains unknown, we hypothesize that mechan-
ical forces of the ESWT stimulate cell proliferation and vascular
remodeling in living skin. As cell growth and vascular supply are
critical to wound healing and tissue expansion, devices applying
controlled mechanical loads to tissues may be a powerful therapy
to increase growth factors induced in-growth of neovascular
formation. This is an early study in the preoperative treatment with
ESW for flap tissue. Because of limitation of our experimental design
further studies are planned to determine the mechanisms which are
involved in the effectiveness of ESWT. Although several approaches
have been developed to reduce ischemic skin flap necrosis, the potential
of ESW treatment looks very promising avoiding complications or
adverse effects.4,16,17,19

As a result, the study indicates that preoperative ESW treat-
ment may enhance skin flap survival in a rodent model, proving its
potential to become a viable, noninvasive, and cost-effective method
to improve the blood supply in ischemic tissue.
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FIGURE 1. A, B, Characteristic sample of the control group
at day 5 after surgery. The necrotic zone of the flap was
measured by using a self programmed planimetry software.

FIGURE 2. Diagram showing the percentage of flap necrosis
in the EWS group compared with the control group.
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