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Percutaneous Transmyocardial Revascularization Induces
Angiogenesis: A Histologic and 3-Dimensional Micro Computed

Tomography Study

The purpose of this study was to visualize the spatial patterns and connection
of channels created after percutaneous transmyocardial revascularization
(PTMRY) in normal porcine hearts, and to estimate the relative contributions of
tfransmyocardial and coronary perfusion. Six pigs underwent PTMR creating
channels using radiofrequency ablative energy. Three-dimensional computed
tomography imaging of channels 1 hr after PTMR showed the direct connection
of PTMR channels to the myocardial capillary network and to epicardial coronary
vessels. In the heart, examined 28 day after PTMR, there was a fine, extensive,
network of microvessels originating from the site of the original PTMR channel,
also connecting the left ventricular cavity to myocardial capillaries. Histopath-
ologic examination of the 1-hr specimens showed numerous regions of myo-
cardial hemorrhage and associated inflammatory cell infiltration. In the 28-day
specimens, newly developed new vascular network suggested neovasculariza-
tion within the core of these channel remnants. The immunoreactivity for basic
fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF)
were intense within myocardium and neovascular structure surrounding PTMR
channel remnants. The vascular connections occur by direct communication with
existing myocardial vasculature acutely, and angiogenesis in these channel
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remnant chronically.

INTRODUCTION

Surgical transmyocardial revasculatization (TMR) using
epicardial laser has generated much interest as a therapy
to relieve angina in selected patients (1, 2). However, en-
thusiasm for this treatment modality has tecently been
stimulated by clinical studies demonstrating improved
symptomatology and reduced number of reversible pet-
fusion defects in patients with severe angina who have
undergone the TMR procedute (3-10).

Many aspects of TMR remain unclear. A central ques-
tion concerns the blood vessel connections that develop
aftet TMR channel creation, and whethet such channels
connect to the left ventricular cavity in both acute and
chronic settings (11-17). Perfusion in these channels re-
mains uncertain, as eatly reports showed no evidence of
myocardial petfusion through acute TMR channels using
mictosphere injection (5, 18-22). Another key question
relates to whether the method of channel creation affects
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neovascularization and long-term patency. Some studies
suggest myocatdial protection using needle-produced my-
ocardial channels compared with laser TMR (23), others
indicate that laser energy may result in better patency
by causing less thrombosis (24, 25).

In this study, we examined PTMR with two principal
questions in mind: 1) dose non-penetrating, that is
whether non-transmural radiofrequency PTMR. induces
neovascular formation and if so, 2) what are the acute
(1 hr) and chronic (28 days) connections of the vascu-
lature wusing this apptroach?

To address these questions, we created a cathetet-
based radiofrequency PTMR from the endocardial left
ventticular cavity sutface in normal porcine myocardium.
The aims of this study was to visualize and quantitate
the spatial patterns of channels created after PTMR in
normal potcine myocardium using a microscopic three-
dimensional (3D) computed tomogtraphy imaging techni-
que (26). We compared acute with chronic histologic fea-
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tures in the potcine myocardium following PTMR, and
petformed immunochemistty for neovascularization.

MATERIALS AND METHODS

Animals

Juvenile, domestic crossbred swines three-four months
old were fed a normal laboratoty chow diet. Ketamine
(30 mg/kg body weight) and Xylazine (3 mg/kg) were
given intramusculatly for general anesthesia. Atropine (1
mg) was used intramusculatly to dectease oropharyngeal
secretions and Flocillin (1 g) was given as a prophylaxis
against infection. Arterial access was obtained through
carotid artetial cut-down after infilcration of the ventral
neck region with 10 mL of 1% Xylocaine. The right ex-
ternal carotid artery was exposed and a 9F hemostatic
sheath placed for arterial access. A single heparin bolus
of 10,000 units was administered through the sheath.
The carotid atteriotomy was repaired with standard tech-
niques ot ligated if repair was not possible. The neck
wound was closed with intertupted sutures and the ani-
mals were returned to their quarters for observation. Pigs
sutvived either 1 hr or 28 days. The animals were eutha-
nized with an intravenous commetcial euthanasia solution
(Sleepaway, Fort Dodge Laboratory).

Radiofrequency PTMR procedure

Catheter-based endocardial TMR was petformed in six
pigs using ablative radioftequency (RF) energy for non-
transmutal channel creation. This device consisted of a
1 mm guide wite insulated up to but not including the
very distal tip. A mechanical collar on this electrode
prevented tissue penetration of more than 7 mm depth.
For tssue ablation, the device was energized with a
standard electrosurgical generator (Valleylab Inc, Boul-
der, Colorado, U.S.A)) and operated as below.

A 9 Fr guide catheter was placed retrogradely actoss
the aortic valve into the ventricle using a soft 0.035
guide wite. The PTMR electrode was advanced through
the catheter into the left ventricle and positioned pet-
pendicularly against the antetior free wall. The device
was then attached to the RF generator and activated
using a foot switch. Each depression of the foot pedal
resulted in one second pulse of pure sine wave energy
(450 Khz) to the electrode. The power delivered to the
electrode was between 15-20 watts during ablation. Five
to ten channels wete created in each pig heart at a spatial
density of about one per square centimeter. Each channel
was approximately 7 mm deep and 1 mm in diameter.
Following creation of all channels, the device was then

removed, the access vessel repaited and the animal wete
returned to quattets.

Histopathologic analysis

Histologic sections wete teviewed from one-hr (n=3,
acute) and 28-day (n=3, chronic) pigs. All myocardial
specimens (potcine and patient) were paraformaldehyde
fixed, after which the treated myocardial segments were
dissected free and cut at 2 mm intervals. The tissues were
subsequently wax embedded and stained with hema-
toxylin-eosin or methylene blue.

Myocardial block preparation, coronary artery perfusion
and polymer injection

The potcine hearts wete petfusion fixed under a pres-
sute of 70 mmHg for 24 hr. Two blocks of the PTMR-
treated potcine myocardium (2 cm X2 c¢m, grossly iden-
tified from the endocardial side) were chosen at random
from each heart, removed and scanned for 3-dimensional
reconstruction images as follow.

In the one-hr specimens, a 24 gauge soft and flexible
polyethylene cannula was introduced into the left ven-
tricular orifice of endocardial channels. A specially pre-
pared low viscosity, radiopaque liquid polymer compound
(MV-122, Canton Biomedical Products, Boulder, Colo-
rado) was then injected through the cannula at a pressute
of 40 mmHg, to determine the myocardial mictovascular
area supplied via the TMR channels. This polymet hard-
ened when the myocardial blocks were placed under
reftigeration at 4°C overnight. On the following day, the
blocks were placed in 95% alcohol for 48 hr. At suc-
cessive 24 hr intervals, the glycerin concentration was
raised to 35, 50, 75% and, finally, pute glycerin for put-
poses of dehydration. Next, the myocardial blocks were
rinsed with acetone and left in open air for 24 hr. The
myocardial blocks wete then rinsed with acetone and left
to dry in air for 24 hr. The blocks were then embedded
in a paraffin mold for scanning and 3D micro-CT imag-
ing.

In two normal (control) potcine hearts not subjected
to PTMR, glass cannulae were tied at the coronary oti-
fices and injected with 500 mL of hepatinized saline
(0.9% sodium chloride with 2,000 units of heparin) at
a pressure of 70 mmHg to clear the coronary network
of remaining blood. The same low viscosity, radiopaque
polymer compound was then injected through the can-
nulae and the hearts prepared as above. The purpose of
this prepatation was to obsetve myocardial microvascular
pattetns in notmal heatts as it occurs by the epicatrdial
coronaty toute. Subendocardial vascular area by the epi-
cardial coronary toute could then be compared with the
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PTMR-treated subendocardial vascular area, to calculate
the ratio (%) of PTMR to normal coronaty vascular atrea.

Microscopic three-dimensional and cross-sectional CT

Myocardial blocks were scanned by a novel micro-CT
system consisting of a spectroscopy X-tay tube, a fluores-
cent crystal plate, a microscopic objective and a charge
coupled device (CCD) camera for imaging (26-28). Brief-
ly, a specimen is rotated in the X-ray beam, resulting
in 500-1,000 projections during a 360 degtee rotation.
Three dimensional images were reconstructed using a
modified Feldkamp cone beam filtered back projection
algorithm and the resulting 3-dimensional images wete
displayed using Mayo Analyze software (Vetsion 7.5, Bio-
medical Imaging Resource, Mayo Foundation). In this
study, volume rendering provided a vatiety of display
reptesentations of three-dimensional image data sets.
Volume rendered-transmission displays, voxel gradient
shading and maximum intensity ptojection wete dis-
played at various angles and threshold values of voxels.
Average voxel size was 21-25 pym, and images of up to
800 slices were rendered for each myocardial block (each
with a matrix 10-20 ym cubic voxels X 16 bits of gray
scale). Five to seven cross-sectional images, evety 2 mm,
wete analyzed from each myocardial block at a pixel size
of 25 pm.

All cross-sectional images were shown from endocar-
dium to epicardium, which included the PTMR-treated
otifice and epicardial coronary arteties and veins. The
innet half thickness of myocardium near to the endocat-
dial PTMR was defined as subendocardium and the outer
half near to epicardium was defined as subepicardium.
The polymer filled blood vessels within these boundaties
were defined as subendocardial, excluding the PTMR
channels, or subepicardial, excluding epicardial coronaty
arteries/veins. The mictovasculature area in the subepi-
catdium or subendocardium was differentiated from non-
vascular structures by setting the lower threshold values
for an intensity range of intetest that yielded the best
identification of mictovasculature regions as judged by
two independent observers. The mictovasculature area in
the subendocardial region was determined by computert,
summed and divided by the subendocardial area. Hence,
the values for summed subendocardial mictovasculature
area/total subendocardium atea (%), as indices of normal
cotonaty and PTMR-created neovascular area, were cal-
culated.

Immunohistochemistry

Paraffin sections (5 ym) wete made and transferred to
glass slides. Slides wetre deparaffinized and rehydrated
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through the following solutions: xylene twice for 5 min,
100% ethanol twice for 10 dips and 95% ethanol twice
for 10 dips. Endogenous peroxidase activity was blocked
for 10 min at room temperature in 50% volume H,Oy/
50% volume methanol and rinsed in running tap watet.
Non-specific protein binding sites were blocked by ap-
plying 5% normal goat serum diluted in PBS/0.05%
Tween 20 (pH=7.2-7.4) to slides for 10 min at room
tempetature. The serum was blotted off and the primaty
antibody (mouse anti-human bFGF, Calbiochem, San
Diego, CA, US.A,, or anti-human VEGF monoclonal
antibody, Sigma, St. Louse, MO, U.S.A.) was diluted in
1% notmal goat serum—+PBS/0.05% Tween 20, applied
and incubated overnight at 4C in a humidity chamber.
On day 2, the ptimary antbody was rinsed off in tap
water, then blotted. The biotinylated secondaty antisera
cocktail (including goat antd mouse IgG and goat and
trabbit) dilution was incubated on the slides for 30 min
at room temperature. Slides were tinsed in running tap
water, blotted and streptavidin-horseradish peroxidase
was diluted 1/400 in PBS/0.05% Tween 20+1% normal
goat serum was applied and incubated for 30 min at
room tempetature. The slides wete tinsed in tap water
and color developed in 3-amino-9-ethylcarbazole sub-
strate solution for 15 min at room tempetature, countet-
stained in hematoxylin for 30 sec and coversliped.

Stock solutions
Tween 20
Normal Goat Serum

Pierce Chemical Co
Dako (Carpinteria,

CA, USA)
Biotinylated Mouse IgG Dako
Biotinylated Rabbit IgG Dako

Streptavidin-horseradish peroxidase Dako
3-amino-9-ethycarbasole Sigma (St Louis,
MO, US.A)

RESULTS
Histopathologic analysis and microscopic 3-D CT imaging

Fig. 1 shows the histologic and micto-CT' images of
notmal myocardium petfused antegrade by epicardial cot-
onaty arteries. It appears the highly vascular nature of
the notmal potcine heart is well demonstrated. Fig. 2
shows PTMR-treated porcine myocardium 1 hr after the
procedute. These images demonstrate direct connection
between the new PTMR channels, the left ventticular
cavity and the preexisting coronaty vessels. Oblique, two
dimensional cross sectional images in the plane of the
PTMR channel showed contrast matetial and presumably
blood having dissected into the myocardium in the peti-
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Fig. 1. Histologic section (H-E, X125, A), voxel gradient shading (B) and maximum intensity projection (C). These are three-
dimensional images of normal porcine myocardium perfused antegrade by epicardial coronary arteries. The highly vascular, capillary
rich nature of the heart is readily appreciated. Voxel size 30 m.
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Fig. 2. Voxel gradient shading (A) and maximum intensity projection (B) from a porcine myocardial block 1 hr following PTMR
treatment. Three-dimensional reconstruction demonstrates direct connection of the PTMR channel (arrow) with preexisting coronary
vessels. Voxel size 30 m. Transverse cross-sectional images of porcine myocardium injected with liquid polymer 1 hr (C) through
patent PTMR channel. Acutely following PTMR, the treatment sites were surrounded by blood-filled spaces. These suggest extensive

intramyocardial hemorrhage.

channel region. This suggests intramyocardial hemot-
thage at this early time point (Fig. 2C). Histopathologic
examination of myocardium at 1 hr demonstrated that
open PTMR channels (Fig. 3A) and thrombosed PTMR
channels (Fig. 3B) were surrounded by blood-filled intra-
myocardial hemotrhage regions. Additionally, these sec-
tions had associated inflammatory cell infilcration origi-
nating from PTMR cannel sites (Fig. 3C, D).

At 28 days, the PTMR-treated myocardium showed an
extensive network of capillaties in the endocardium at the
site of PTMR channel ctreation in the left ventricular wall.
These capillaries were similatly connected with the pre-
existing coronary vessels (Fig. 4). No patent channel was
identified, grossly or microscopically. All otiginal chan-
nels wete teplaced with granulation tissue and fibrosis,

refetred to as the channel remnant. In these 28-day spec-
imens, newly developed new vascular network suggested
neovascularization under the base of granulation tissue
(Fig. 5A, B). Because some of these channels were sec-
tioned at slightly different angles, the cross sections wete
elliptical. Microscopically, the typical appearance of chan-
nel remnant showed an oblique fibrous scar confirmed
by trichrome stain (Fig. 5B). Thete were also no obvious
differences between PTMR channels on gross examina-
tion.

Potcine histopathology at 28 days following PTMR
was analyzed with stained sections and immunoreactivity
for the bFGF and VEGF. In 28 days, following PTMR,
the myocatdial tissue, especially subendocardium, showed
a highly vascularized scar at site of previous channels cre-



Fig. 3. Acute histologic images of porcine myocardium follow-
ing PTMR. A: Central channel region was surrounded by small
tissue necrosis (methylene blue, x40). B: A channel was throm-
bosed and surrounded by blood-filled spaces (H-E, x40). C:
It shows numerous regions of myocardial hemorrhage (H-E, X
40), with an associated inflammatory cell infiltrate (D, % 400),
originating from channel sites. Arrows indicate the preexisting
coronary vessel.
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Fig. 5. Transverse cross-sectional images of porcine myo-
cardium injected with liquid polymer 28 days (A) following PTMR
treatment. Chronically, there is highly vascular subendocardial
filling at the site of previous channel creation. (B) Central chan-
nel region is replaced by granulation tissue, fibrosis and new
vessel formation (Trichrome, X40). Arrows indicate new vessel
formation. Immunohistochemical stainings for the VEGF (C) and
bFGF (D). Immunoreactivity for the bFGF and VEGF were in-
tense within the neovascular structure of the granulation tissue
surrounding PTMR channel remnants (< 100).

ardial channel

highly vascular scar

"E_-ndn-::lrdl.ll
L ELLT

Voxel gradient

Fig. 4. Voxel gradient shading (A) and maximum intensity projection (B) from a porcine myocardial block 28 days following endo-
cardial PTMR. An extensive subendocardial microvascular network (box area) can be seen originating from the site of replaced
with granulation tissue and fibrosis, referred to as the channel remnant (arrow) and interconnecting with preexisting coronary vessels.
Voxel size 30 m. Arrow head indicate angiogenesis from channel remnant.



Percutaneous Transmyocardial Revascularization Induces Angiogenesis 507

Table 1. Microvascular contrast as a percentage of myocardium: Epicardial coronary artery filling vs. PTMR at 1 hr and 28 days

Coronary (n=25)

PTMR at 1 hr (n=24)

PTMR at 28 days (n=29)

Microvascular area 33.72.5%

13.61.0%* 20.41.7%*

*0<0.05 compared with coronary artery contrast injection

ation. We also examined the immunolocalization of
bEGF and VEGF in the normal myocardium surrounding
PTMR channel remnants. Immunoteactivity for the
bFGF and VEGF were intense within the neovascular
sttuctute of the granulation tissue surrounding PTMR
channel remnants (Fig. 5C, D).

Digital quantitation of the cross-sectional images

Cross-sectional images containing the PTMR channels
were measured to estimate the fraction of myocardium
occupied by microvasculature as vascular area/tissue area
(%). These measurements were made for normal myocar-
dium which was filled by antegrade coronary artety poly-
mer injections, and compatred with the separate myocat-
dium that underwent PTMR both 1 hr and 28 days prior
to euthanasia. Muldple regions were sampled in each
segment of myocardium (Table 1). In petforming this
measuterment, voxels with intensity corresponding to
mictovasculatute were counted automatically by compu-
ter, and divided by the total myocardial voxel area of
the sub-region measured. The mictovasculature area/total
myocardial area (vascular area/tissue area) for cotonaty
filled subendocardium was 33.7% £2.5%. This com-
pated with 13.6%+1.0% for 1 hr post PTMR and 20.4
%+1.7% for 28 days post PTMR (Table 1).

DISCUSSION

Since the introduction of transmyocardial revasculat-
ization, many questions remain unanswered regarding its
efficacy and the role of myocardial channels. In a recent
clinical trial of laser TMR, 75% of surviving patients ex-
petienced a dectease of two functional anginal classes,
and 56% decreased their use of anti-anginal medications
at 10 months follow-up. Moteovet, objective measure-
ment of left ventricular radionuclide petfusion defects
before and aftert TMR showed significantly fewer seg-
ments with reversible defects both 6 and 12 months after
treatment. Patients imaged by positton emission tomo-
graphy (PET) scannning showed improved subendocardial
perfusion in treated areas at 12 months (9). While these
clinical data are encouraging, an understanding of the
basic mechanism is lacking.

Thus, we undertook the present study to better undet-

stand the anatomic nature and connections of the PTMR
channels. There were two majot findings of the present
study. First, petcutaneous, non-transmural radiofrequency
channels do result in angiogenesis occurting in the PTMR
scar. And second, this microvasculature connects the left
ventticular cavity to myocardial capillaries and epicardial
coronaty atteties and veins, both acutely and chronically.
In normal potcine myocardium, these connections occut-
red within an 8 cubic centimeter myocardial block. This
information may be useful in determining required dis-
tances between channels for therapeutic clinical response.
This surptisingly large region of mictovasculature connec-
tions suggests that the number of channels needed may
be less than that obtained from the 20-30 channels pre-
sently employed. Reducing the number of channels cre-
ated per patient might shorten the procedure and poten-
tially increase its safety.

This study also found vety similar histopathologic te-
sults after endocatdial PTMR in porcine myocardium
compated with patients treated by epicardial laser
PTMR. Acutely, thete was intramyocardial hemorrhage
and an associated inflammatoty cell infiltration. Chron-
ically, mature arterial vessels frequently existed within
the core of these channel remmnants under the base of
granulation tissue ot fibrosis, connecting to the intramyo-
cardial capillaties and epicardial coronary vessels. These
findings suggest that the mechanism of channel creation
(radiofrequency or laser) may not alter the final result of
angiogenesis. Angiogenesis in transmyocardial revasculat-
ization may also reveal similar angiogenic process of non-
myocardial wound healing.

This was an anatomic study, and did not evaluate
petfusion. However, myocardial petfusion might occur
acutely after non-transmural endocardial channel crea-
tion, through the communications we found between
existing myocardial vasculatute and the PTMR channels.
This is consistent with incteased subendocardial myocat-
dial perfusion demonstrated on the PET scans in patients
treated with epicardial laser TMR (9). Anecdotal teports
of patients treated with laser PMR similarly suggest eatly
anginal relief after the procedure. Similatly, chronic pet-
fusion might occur by the microvessels of the chronic scar
and its connections to the myocardium.

These findings are in agreement with findings by
Cooley et al. (29). This study found connections between
the left ventricular cavity and intramyocardial sinusoids
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at three months, and suggested that TMR can acutely
revasculatize the myocardium. The initial sinusoidal con-
nections wetre thought to enlarge and become direct
arteriolar channels when exposed to a significant pressute
gradient (30). Similar sinusoids of the reptilian heart form
an important soutce of myocardial blood supply in rep-
tilian heares (31), but their role in humans is not fully
undetstood.

Another study used an endocardial approach and dem-
onstrated that blood penetrated the myocardial wall
directly through channels made with a pulsed Ho:YAG
laset in the acute setting (31). Although the neovasculat-
ization was found later around these channels, flow into
the left ventticular chamber could not be demonstrated
after two weeks using microsphere analysis.

There is contradictoty evidence from studies measuring
blood flow that TMR channels fail to provide blood to
surrounding myocardium in the first few houts (5, 13,
16). Hardy used a CO, laser TMR in dogs following
cotonaty attery ligation and found that regional blood
flow was increased only when combined with elevated
left ventticular pressure (13). Following TMR channel
creation, ted blood cells were shown in this study to
entet intramyocardial coronary tributaries, taking the
path of least tresistance. These investigatots postulated
that new channels might connect with postcapillaty
veins, theteby directing blood flow retrograde through
capillaries and imptroving myocardial perfusion. This is in
essence what we observed acutely following non-trans-
mural PTMR in normal porcine heart. Non-transmural
PTMR may drive blood toward endocardial channels in
the acute setting. These channels may communicate with
intramural artetiolar and venular networks.

Our study examined normal potcine heatts, similar to
ptiot expetimental work (32-34). The endocardial and
epicardial sutfaces of the pig heart contain arcading veins,
but not arteties, which connect with thebesian and sinu-
sal veins, respectively. The thebesian and sinusal veins
communicate with each other through venous anastomo-
ses. The coronary venous system also demonstrates sinu-
soidal patterns, with dense networks of vessels draining
into them. Cotronary artety stenosis causes tetrograde
petfusion through the coronary veins (35). With retro-
grade petfusion pressure, blood is shunted from capillaties
through lower resistance anastomoses. As retrograde
ptessute increases, epicardial and eventually transmural
capillary filling occurs. This is one possible mechanism
whereby the non-transmural endocardial channel may
improve petfusion in the potcine model. However, such
anatomic structure and communication is yet to be de-
fined in notmal human myocardium.

Evidence suggests that the repair process initiated by
this type of myocardial injury results in the formation
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of new functioning vasculature (36-44). This hypothesis
suggests that inflammatory and thrombotic teactions to
injuty cause local release of mediators (substance P,
thrombin, histamine, tryptase) and endogenous vasodi-
lators (nitric oxide, adenosine). These mediators and vaso-
dilators, in turn, stimulate the production of vascular
growth factors (bFGF, VEGF) which subsequently pro-
mote endothelial cell proliferation and angiogenesis. It is
likely that the communicating network created acutely
by TMR forms a nidus for subsequent thrombus forma-
tion, inflammation and future angiogenesis. This evidence
has been derived from observations made in experimental
tissue that many, appatently new, blood vessels appear
within the granulation tissue that invades the original
channels (i.e., neovascularization within the channel rem-
nants) (45, 46). Such observations, however, provide
limited support for the angiogenesis hypothesis because
blood vessels within scar tissue by themselves may not
contribute meaningfully to myocardial petfusion. In the
present study, we showed that by 28 days after creating
endocardial PTMR channels in normal potcine hearts
active vascular growth in the normal myocardium sut-
rounding PTMR channel remnants occuts.

In conclusion, this study used microscopic 3-dimen-
sional CT imaging in normal and PTMR-treated potcine
myocardium. Two ptincipal conclusions resulted. Fitst,
this study provides a unifying hypothesis about potential
mechanisms whereby PTMR may improve ischemic myo-
cardium. Acutely, the PTMR channels create a netwotk
of blood-filled spaces within the myocardium. These
channels initially connect to the myocardial capillaties,
which in turn connect to the epicardial coronary arteties
and veins. Chronically, these spaces may act as a nidus
fotr thrombus formation. Thrombus, and the trauma of
channel creation stimulate inflammation, with telease of
mediatots promoting angiogenesis. Chronically, microvas-
cular channels grow and imptrove myocardial perfusion
even though created channels are occluded with scar tis-
sue of organized thrombus.

The second conclusion is that changels in potcine myo-
cardium using ablative radiofrequency energy showed
very similar acute and chronic histopathology to lesions
from patients treated with laser TMR. This implies that
laser is not an essential component of the angiogenesis
that follows the healing of the channels. Second, no chan-
nels remained patent in the context of a blood-filled cav-
ity the size of the PTMR electrode. Instead, the channels
healed with a highly vascular scar at the site of the chan-
nel creation.

Whether TMR ot PTMR become widely used as a
clinical therapy is uncertain. Regardless, it is crucial that
we understand the anatomy and physiology of myocardial
angiogenesis and petfusion following channel creation.
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