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Pulsed magnetic fields have been shown to stimulate
reovascularization in the authors’ laboratory. The rat
grein coinposite fl.p w.s used "o (eate a é!"ﬁS:)CC(i"(‘
randomizeu trial to test the eifectiveness of these pulsed
magnetic fields. The skin padcle o this flap is highly
consistent, and the authors proposed using the flap to
study how pulsed magnetic fields affect composite flap
sunvival when the dominant vessel to the flap is divided
and flap survival becomes dependent on a transferred
vessel loop. Forty-three rats had the tail artery microsur-
gically anastomosed to the femoral artery and placed be-
tween the groin musculature and the abdominal skin.
Pulsed magnetic energy of 1 gauss was applied for 8 (n =
14) or 12 (n = 8) weeks to the experimental groups.
Control groups were treated in a cemparable manner for
8(n=16)o0r12 (n= 5) weeks. After the 8 or 12 weeks,
all groups had an 8 X 4-cm skin flap raised, and the
superticial epigastric artery, the main feeding vessel, was
ligated. After 5 days, the total area of the flap and the area
of necrosis were traced onto velum paper for each rat. The
percentsurvival was calculated per rat, and a mean survival
percentage was calculated per group. The experimental
amimals treated with pulsed magnetic fields for & wecks
had statistically significant improved flap survival over the
control animals. The study provides evidence that pulsed
magnetic energy stimulates angiogenecsis and suggests a
possible use of this modality to create island vascular flaps
ll_l otherwise random vascular territories. (DPlast. Reconstr,
Surg. 114 1185, 2004.)

Rescarch on pulsed magnetic fields and
their effect on soft-tissue vy and bone heal-
g has been studied in some detail over the
lzl§t decade. Glazer et al.' obseived that the use
()f.clecu*omngnc[ic field therapy in a rabbit
SPial-fusion model increased bone rigidity
and ilc!licved increased load to stress. Its szcd
Qi resistant fracture nonunions is to signifi-

cantlv reduce the time required for bonv unicn
to occur.? In fact, Darerdeliler et al.? showed that
even stauc magrieuc fields seem 10 accelerate the
rate of bone repair compared with control
groups.

The reason for accelerated healing of bone
after pulsed magnetic field energy has not
been explained. Even less is known about its
effect on blood vessels. Some researchers*® the-
orize that pulsed magnetic energy may act at
the cellular level by changing the cellular
plasma membrane potential, encouraging a
calcium flux that may stimulate a cellular re-
sponse. It has been shown that the type of
pulsed waveform applied affects cells differ-
ently in vitro. The pulsed burst waveform
stimulates blood vessel creation, whereas the
single pulsed waveform influences matura-
tion but not the rate of vascular growth.® The
actual mechanism by which pulsed magnetic
fields stimulate angiogenesis is still pecorly
understood.

Our laboratory previously demonstrated’
that pulsed magnetic energy, when applied to a
microsurgically transferrea arterial vessel loop.
procuced a time-dependent increase in neo-
vascularizavon. We devised an experitnent us-
iy the well-established and reliable model of
the rat groin composite flap.™ On the obsernva-
tton that pulsed magnetic field energy stimu-
lates angiogenesis, we created a randomized
prospective study to evaluate the effect of
pulsed magnetic ficlds on groin composite tap
survival when the dominant vessel to this flap is
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divided and graft survival becomes dependent
on a transferred vessel loop.

MATERIALS AND METHODS

Adult male Sprague-Dawley rats (325 to
350 g) were obtained and placed two per cage
in the vivartum with a constant 12-hour cycle of
light/darkness. Each rat was allowed to accli-
matize. The average weight at the time of the
first surgical procedurc was 370 * 43 g. Fach
rat underwent two operative procedures, and
the four groups of animals were handled in a
comparable manner. The animals were placed
mnio onc of four groups: group 1 (n = 16) was
the control to group 2 (1 = 14), which svould
receive 8 'weeks of pulsea magnetic energy
tierapy. Group 5 (n = J) was the -ontrof o
group 4 {(n = 8), which would receive 12 weeks
of pulsed magnetic encrgy therapy.

First Operative Procedure: Creating the Transferred
Arterial Loop

All animals were anesthetized with a mixture
of MetaMine/medetomidine (Silicon Genet-
ics, Redwood City, Calif.) 75/0.5 mg/kg intra-
peritoneally in accordance with the animal
care protocol. Using sterile surgical tech-
niques, each animal had a 12- to 14-cm seg-
ment of tail artery harvested using microsurgi-
cal technique. The artery was flushed and then
placed in a heparinized saline solution (60
U/ml), and the tail was sutured using 4-0 Ethi-
fon. Undcr a Zeiss operating microscope, each
rat tail artery was anastomosed as an interposi-
ton vascular grafi using 106 Ethilon inter-
rupted sutures to the femoral artery proximal
to the superficial inferior epigastric artery. In
all instances, the same experienced investiga-
tors perfoimed all end-io-end anastomoscs.

The resuliing loop was then placed in a
pocket created over the animal’s abdominal
wall end under the skin complex. The grom
inciston was closed with running -0 Ethilon.
Each animat was randomiv placed ) one of
four groups as described. Conwrol groups were
handled but not treated with pulsed magnetic
fields for 8 or 12 weeks, and the experimental
groups were exposed to pulsed magnetuc fields
for 8 or 12 weeks. For 5 davs postoperatively,
the animals received analgesic in their drink-
ing water (acelmninophcn 1.3 mg/cc, with an
average consumption of 35 to 40 cc/day), and
were checked nwice daily for wound dehiscence
and infection. Food and water were provided
ad libitum.,
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Application of Pulsed Magnetic Iields

One 30-minute session was given immedi-
ately postoperatively to the experimental ani-
mals. Starting the next day, the experimental
animals received two 30-minute sessions of
pulsed magnetic field treauments using the
MRT sofPulse (Electropharmacology, Inc.,
Pompano, FL). Daily sessions were a minimum
of 4 hours apart. The dose used was a 65-usec
burst of 27.12-MHz sinusoidal waves at 1-gauss
amplitude repeated at 600/sccond. This dos-
ing regimen had been used previously without
noaticeable adverse cffects on the anirnals and was
as effeciive in promotng angiogencsis as the
higher dose of 2 gauss.” Animls vere posidonad
°n top of the applicate he.d ard confined
msure that treatment was properly applied.

Second Operative Procedure: Creciing the Composile
Flap

After either 8 or 12 weeks, the rats were
re-anesthetized for the second procedure with
ketamine/medetomidine 75/0.5 mg/kg intra-
peritoneally again in accordance with the ani-
mal care protocol. After adequate anesthesia
had been achieved, the right groin was shaved
and prepped with Betadine/alcohol solution
using sterile techniques. Using sharp surgical
dissection, a skin flap measuring 8 cm long X 4
cm wide was raised on the right side of the
animal, incorporating the vessel loop and its
tributaries within the compacsite flap. The pi-
ericy of the femoral artery and arteria! loop
were checked in all cases. Animals with patent
arterial interposidon grafts were included in
the experinient.

The composite flap was raised off the under-
ving musculature, based on the superficial in-
ferior epigastric artery und vein and on the
necarterial Joop. Once clevated the: superficial
inferior epigastric artery was ligated (Fig. 1)
and the composite flap was resutured in place
with 40 Ethiiion. At this stage, the entire arte-
rial inflow was supplied by the transferred ar-
terial loop and the venous drainage was
through the superficial inferior epigastric vein.
For the 5 postoperative davs, food and water
was provided ad libitum and the animals re-
ceived analgesic in their drinking water as be-
fore. The animals were checked twice daily for
wound dehiscence, infection, and evidence of
survival or necrosis of the flap. On postopera-
tve day 5, the animals were cuthanized and the
total area of cach ftap and the wreas of necrosis












